


























NATIONAL TOXICOLOGY PROGRAM 
Technical Report Series 
No. 289 

.?* * L M A N V e  
"ce 

L

TOXICOLOGY AND CARCINOGENESIS 


STUDIES OF 


BENZENE 


(CAS NO. 71-43-2) 


IN F344/N RATS AND B6C3F1 MICE 


(GAVAGE STUDIES) 


U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service 


National Institutes of Health 




NATIONAL TOXICOLOGY PROGRAM 

The National Toxicology Program (NTP), established in 1978, develops and 
evaluates scientific information about potentially toxic and hazardous 
chemicals. This knowledge can be used for protecting the health of the 
American people and for the primary prevention of disease. By bringing 
together the relevant programs, staff, and resources from the U.S. Public 
Health Service, DHHS, the National Toxicology Program has centralized 
and strengthened activities relating to toxicology research, testing and test 
developmentivalidation efforts, and the dissemination of toxicological 
information to the public and scientific communities and to the research 
and regulatory agencies. 

The NTP is made up of four charter DHHS agencies: the National Cancer 
Institute (NCI), National Institutes of Health; the National Institute of 
Environmental Health Sciences (NIEHS), National Institutes of Health; 
the National Center for Toxicological Research (NCTR), Food and Drug 
Administration; and the National Institute for Occupational Safety and 
Health (NIOSH), Centers for Disease Control. In July 1981, the Carcino- 
genesis Bioassay Testing Program, NCI, was transferred to the NIEHS. 

Benzene, NTP TR 289 














































NTP TECHNICAL REPORT 


ON THE 


TOXICOLOGY AND CARCINOGENESIS 


STUDIES OF BENZENE 


(CAS NO. 71-43-2) 


IN F344/N RATS AND B6C3F1 MICE 


(GAVAGE STUDIES) 


NATIONAL TOXICOLOGY PROGRAM 

P.O. Box 12233 


Research Triangle Park, NC 27709 


April 1986 

NTP TR 289 


NIH Publication No.86-2545 


U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 

Public Health Service 


National Institutes of Health 



















	

	




















	

N O T E T O T H E R E A D E R  


These studies are desi ned and conducted to characterize and evaluate the toxicologic potential, in- 
cluding carcino enic acfivit of selected chemicals in laboratory animals (usuall two species, rats and 
mice). Chemic3s selected &r testin in the NTP Carcinogenesis Pro ram are ciosen primarily on the 
bases of human exposure, level of ro5uction, and chemical structure. 8election per se is not an indicator 
pf a chemical’s carcinogenic potential. Negative results,. in which the test animals doenot have a greater 
incidence of cancer than control animals, do not necessarily mean that a test chemical is not a carcinogen,
inasmuch as the experiments are conducted under a limited set of conditions. Positive. results 
demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate 
that exposure to the chemical has the potential for. hazard to humans. The determination of the risk to 
humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends 
beyond the purview of this study. 


Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports 

series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity, For 

each definitive study result (male rats, female rats, male mice, female mice), one of the following,quintet 

will be selected to describe the findings. These categories refer to the strength of the experimental 

evidence and not to either potency or mechanism. 

0 Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a 
chemically related increased incidence of malignant neo lasms, studies that exhibit a 
substantially increased incidence of beni n neoplasms, or s!udies that exhibit an  increased 
incidence of a combination of malignant an&enign neoplasms where each increases with dose. 

0 	 Some Evidence of Carcino enicit is demonstrated by studies that are inter reted as showing a 
chemically related increase5 inci&nce of benign neoplasms, studies tha? exhibit marginal 
increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in 
uncommon malignant or benign neoplasms. 

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

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

0 	 Inadequate  Stud of Carcinogenicity demonstrates that because of major qualitative or 
quantitative limitagons, the studies cannot be interpreted as valid for showing either the presence 
or absence of a carcinogenic effect. 

Additionally, the followin concepts (as atterned from the International A ency for Research on Cancer 
Monographs) have been afopted by the J T P  to give further clarification of t  l! ese issues: 

The term chemical carcinogenesis general1 means the induction by chemicals of neo lasms not 
usuall observed, the earlier induction by ciemicals of neoplasms that are common1 oEserved, or 
the iniuction b chemicals of more neoplasms than are generally found. Differed mechanisms 
may be involve$ in these situations. Et  mologically, the term carcinogenesis means induction of 
cancer, that is, of malignant neoplasms; Bowever, the commonly accepted meaning is the induction 
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the 
Technical Reports, the words tumor and neoplasm are used interchangeably. 

This stud was initiated b the National Cancer Institute’s Carcinogenesis Bioassay Program now part 
of the Nagonal Institute of Environmental Health Sciences, National Toxicolo Program. The studies 
described in this Technical Report have been conducted in com liance with 86P chemical health and 
safet requirements and must meet or exceed all applicable Fe Beral, state, and local health and safety 
reguQ ations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being 
presented for peer review. 


Althou h every effort is made toprepare the Technical Re orts as accurately as possible, mistakes may 

occur. fteaders are re uested to identify any mistakes so tKa t  corrective action.may be taken. Further 
anyone who is aware oyrelated ongoing or ublished studies not mentioned in this re ort is encouraged td 

make this information known to the NTb. Comments and uestions about the kational Toxicolo 

Program Technical Reports on Toxicolog and Carcino enesis audies  should be directed to Dr. J .E. Huff 

National Toxicology Program, P.O. Box 62233, Researca Triangle Park, NC 27709 (919-541-3780). 


These NTP Technical Reports are available for sale from the National Technical Information Service, 

U.S. De artment of Commerce, 5285 Port Royal, Road, Springfield, VA 22161 (703-487-4650). Sin le 
copies OFthis Technical Re ort are available without char e (and while supplies last) from the N 9P 
Public Information Office, 8ational Toxicology Program, P.b. Box 12233, Research Triangle Park, NC 
27709. 
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BENZENE 
Benzol, Cyclohexatriene, Pyrobenzol 

CsHe MW = 78.11 

C = 92.25% H = 7.75% 

CAS NO.71-43-2 

ABSTRACT 

During the 17-week studies, groups of 10 or 15 male and female F344/N rats and B6C3F1 mice were 
gavaged 5 days per week with benzene in corn oil (5 mllkg) at doses of 0 to 600 mg/kg. No benzene- 
related deaths occurred; in rats that received benzene, final mean body weights were 14%-22% lower 
compared with vehicle controls and in mice, slight dose-related reductions were observed (less than 
10% differences). Doses for the 2-year studies were selected based on clinical observations (tremors in 
higher dosed mice), on clinical pathologic findings (lymphoid depletion in rats and leukopenia in 
mice), and on body weight effects. 

Two-year toxicology and carcinogenesis studies of benzene (greater than 99.7% pure) were conducted 
in groups of 50 F344/N rats and 50 B6C3F1 mice of each sex and for each dose. Doses of 0,50,100, or 
200 mg/kg body weight benzene in corn oil (5 mllkg) were administered by gavage to male rats, 5 days 
per week, for 103 weeks. Doses of 0, 25, 50, or 100 mg/kg benzene in corn oil were administered by 
gavage to female rats and to male and female mice for 103 weeks. Ten additional animals in each of 
the 16 groups were killed a t  12 months and necropsies were performed. Hematologic profiles were 
performed at 3-month intervals. These studies were designed and conducted because of large produc- 
tion volume and potential human exposure, because of the epidemiologic association with leukemia, 
and because previous experiments were considered inadequate or inconclusive for determining poten- 
tial carcinogenicity in laboratory animals. 

In the 2-year studies, mean body weights of the 200 mg/kg male rats (- 23%) and the 100 mg/kg mice 
( - 14% to -19%) were lower than those of the vehicle controls, and survival of dosed groups de- 
creased with increasing dose (rats--male: vehicle control, 32/50; low dose, 29/50; mid dose, 25/50; high 
dose, 16/50; female: 46/50; 38/50; 34/50; 25/50; mice--male: 28/50; 23/50; 18/50; 7/50; female: 30150; 
26/50; 24/50; 18/50). At week 92 for rats and week 91 for mice, survival was greater than 60% in all 
groups; most of the dosed animals that died before week 103 had neoplasia. 

Compound-related nonneoplastic or neoplastic effects on the hematopoietic system, Zymbal gland, 
forestomach, and adrenal gland were found both for rats and mice. Further, the oral cavity was af- 
fected in rats, and the lung, liver, harderian gland, preputial gland, ovary, and mammary gland were 
affected in mice. Significantly increased (P<0.05) incidences of neoplasms were observed a t  multiple 
sites for male and female rats and for male and female mice. Primary neoplasms observed in rats and 
mice are summarized in Table 1. 
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TABLE 1. SUMMARY OF PRIMARY NEOPLASMS IN RATS AND MICE IN THE TWO-YEAR GAVAGE 
STUDIESOF BENZENE 

Rats Mice 
Male Female Male Female 

Zymbal gland + + Zymbal gland + + 
Oral cavity + + Lymphoma + + 
Skin + - Lung + + 

Harderian gland + -+ 
Mammary gland - + 
Preputial gland + NA 
Forestomach f -+ 
Ovary NA + 
Liver f 

+ = Increase relative to vehicle controls 
f = Marginal increase relative to vehicle controls - = No difference from vehicle controls 
NA = Notapplicable 

Hematologic data from vehicle control and dosed rats and mice were obtained a t  3-month intervals 
from 0 to 24 months. Reliably identifiable hematologic effects were limited to lymphocytopenia and 
associated leukocytopenia in benzene-dosed rats and mice. These effects were seen from 3 to 18 
months in dosed male rats and in dosed male mice; a similar but less pronounced response was ob- 
served in dosed female rats during this same time period. The effect in female mice was limited to 12
18 months. The technical quality of certain of these data was questionable; thus, more detailed anal- 
yses (e.g., investigation of the association between hematologic and pathologic changes) are deemed 
inappropriate for these data. Benzene increased the frequency of micronucleated normochromatic 
peripheral erythrocytes in male and female mice (rats were not examined); males were more sensitive 
than females. 

The hematopoietic system of rats and mice of each sex was affected by benzene in the 2-year studies. 
The incidences of malignant lymphomas in all dosed groups of mice were greater than those in the 
vehicle controls (male: 4/49; 9/48; 9/50; 15/49; female: 15/49; 24/45; 24/50; 20149). Lymphoid depletion 
of the splenic follicles (rats) and thymus (male rats) was observed a t  increased incidences. Bone mar- 
row hematopoietic hyperplasia was observed at increased incidences in dosed mice of each sex (male: 
0149; 11/48; 10150; 25/49; female: 3/49; 14/45; 8/50; 13/49). 

The incidences of Zymbal gland carcinomas in mid and high dose male rats and in dosed female rats 
were greater than those in the vehicle controls (male: 2/32; 6/46; 10142; 17/42; female: 0145; 5/40; 
5/44; 14/46). The incidences of Zymbal gland carcinomas in mid and high dose male mice and in high 
dose female mice were greater than those in the vehicle controls (male: 0143; 1/34; 4/40; 21/39; female: 
0143; 0132; 1/37; 3/31). In mid and high dose male mice and in high dose female mice, the incidences of 
epithelial hyperplasia of the Zymbal gland were also increased (male: 0143; 3/34; 12/40; 10139; female: 
1/43; 1/32; 2/37; 6/31). 

Hyperplasia of the adrenal capsule was observed a t  increased incidences in dosed mice of each sex 
(male: 2/47; 32/48; 14/49; 4/46; female: 5/49; 19/44; 34/50; 30/48). The incidence of pheochromo- 
cytomas in mid dose male mice was greater than that in the vehicle controls (male: 1/47; 1/48; 7/49; 
1/46), whereas the incidences in dosed female mice were lower than that in the vehicle controls 
(female: 6/49; 1/44; 1/50; 1/48). Hyperplasia of the zona fasciculata of the adrenal cortex was observed 
a t  increased incidences in low dose rats of each sex (male: Of50; 13/49; 0148; 2/49; female: 0/60;17/50; 
0147; 0149). 
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Benzene was associated with increased incidences of neoplasms of the skin and oral cavity of rats. 
The incidences of squamous cell papillomas and squamous cell carcinomas of the skin in high dose 
male rats were greater than those in the vehicle controls (squamous cell papilloma: 0150; 2/50; 1/50; 
5/50; squamous cell carcinoma: 0/50; 5/50; 3/50; 8/50). Increased incidences of uncommon squamous 
cell papillomas or squamous cell carcinomas (combined) of the oral cavity were observed in dosed 
male and female rats (male: 1/50; 9/50; 16/50; 19/50; female: 1/50; 5/50; 12/50; 9/50). Incidences of 
squamous cell papillomas or carcinomas (combined) (male: 2/45; 2/42; 3/44; 5/38; female: 1/42; 3/40; 
6/45; 5/42), hyperkeratosis, and epithelial hyperplasia of the forestomach were increased in some 
dosed groups of male and female mice; incidences of hyperkeratosis and acanthosis were increased in 
high dose male rats. 

Compound-related effects in the lung, harderian gland, preputial gland, ovary, mammary gland, and 
liver were seen in mice but not in rats. Administration of benzene was associated with increased inci- 
dences of alveolar epithelial hyperplasia in mid and high dose mice (male: 2/49; 3/48; 7/50; 10149; fe
male: 1/49; 1/42; 9/50; 6/49). Increased incidences of alveolarhronchiolar carcinomas and alveolar/ 
bronchiolar adenomas or carcinomas (combined) were observed in high dose male mice (carcinomas: 
5/49; 11/48; 12/50; 14/49; adenomas or carcinomas: 10149; 16/48; 19/50; 21/49). Alveolar/bronchiolar 
adenomas were seen at increased incidences in high dose female mice (4149; 2/42; 5/50; 9/49), as were 
alveolar/bronchiolar carcinomas (0149; 3/42; 6/50; 6/49) and alveolarhronchiolar adenomas or car
cinomas combined (4149; 5/42; 10150; 13/49) in mid and high dose female mice. 

The incidences of focal or diffuse hyperplasia of the harderian gland were increased in dosed mice of 
each sex (male: 0149; 5/46; 11/49; 7/48; female: 6/48; 10144; 11/50; 10147). The incidences of harderian 
gland adenomas (0149; 9/46; 13/49; 11/48) in dosed male mice were greater than that in the vehicle 
controls. A marginal increase in the incidence of adenomas or carcinomas (combined) of the har- 
derian gland was seen in high dose female mice (5148; 6/44; 10/50; 10147). 

The administration of benzene to male mice was associated with increased incidences of hyperplasia 
(1121; 18/28; 9/29; 1/35) and squamous cell carcinomas (0121; 3/28; 18/29; 28/35) of the preputial gland. 
Increased incidences of mammary gland carcinomas were found in mid dose and high dose female 
mice (0149; 2/45; 5/50; 10149) and carcinosarcomas in high dose female mice (0149; 0145; 1/50; 4/49). 

Increased incidences of various uncommon neoplastic and nonneoplastic lesions of the ovary (papil- 
lary cystadenoma, luteoma, granulosa cell tumor, tubular adenoma, benign mixed tumor, epithelial 
hyperplasia, and senile atrophy) were associated with administration of benzene to female mice. In 
mid and high dose female mice, the incidences of granulosa cell tumors (1147; 1/44; 6/49; 7/48) and 
benign mixed tumors (0147;1/44; 12/49;7/48)were greater than those in the vehicle controls. 

Increased incidences of hepatocellular adenomas were observed in low dose female mice (1149; 8/44; 
5/50; 4/49) and hepatocellular adenomas or carcinomas (combined) in low dose and mid dose female 
mice (4149; 12/44; 13/50; 7/49). 

An audit of the experirhental data was conducted for these 2-year carcinogenesis studies on benzene. 
No data discrepancies were found that influenced the final interpretations. 
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Under the conditions of these 2-year gavage studies, there was clear evidence of carcinogenicity* of 
benzene for male F344/N rats, for female F344/N rats, for male B6C3F1 mice, and for female B6C3F1 
mice. For male rats, benzene caused increased incidences of Zymbal gland carcinomas, squamous cell 
papillomas and squamous cell carcinomas of the oral cavity, and squamous cell papillomas and 
squamous cell carcinomas of the skin. For female rats, benzene caused increased incidences of 
Zymbal gland carcinomas and squamous cell papillomas and squamous cell carcinomas of the oral 
cavity. For male mice, benzene caused increased incidences of Zymbal gland squamous cell 
carcinomas, malignant lymphomas, alveolarhronchiolar carcinomas and alveolarhronchiolar 
adenomas or carcinomas (combined), harderian gland adenomas, and squamous cell carcinomas of the 
preputial gland. For female mice, benzene caused increased incidences of malignant lymphomas, 
ovarian granulosa cell tumors, ovarian benign mixed tumors, carcinomas and carcinosarcomas of the 
mammary gland, alveolarhronchiolar adenomas, alveolarhronchiolar carcinomas, and Zymbal 
gland squamous cell carcinomas. Dose-related lymphocytopenia was observed for male and female 
F344/N rats and male and female B6C3F1 mice. 

*Categoriesof evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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SUMMARY OF PEER REVIEW COMMENTS ON THE 
TOXICOLOGY AND CARCINOGENESIS STUDIES OF BENZENE 

(October28,1983 Meeting) 

On October 28, 1983, the draft Technical Report on the toxicology and carcinogenesis studies of ben- 
zene received peer review by the National Toxicology Program Board of Scientific Counselors’ Tech- 
nical Reports Review Subcommittee and associated Panel of Experts. The review meeting began at 
9:00 a.m. in the Conference Center, Building 101, South Campus, National Institute of Environ- 
mental Health Sciences, Research Triangle Park, North Carolina. 

Dr. Friess, a principal reviewer, essentially agreed with the conclusions. He added that the findings 
of leukopenia in rats and mice could be cited in the conclusions, and a summary table in the results 
section would be useful for highlighting the 17-week and 2-year studies. To aid reviewers in 
interpretation of findings where signijcance shown by life table analysis differs from that shown by 
the incidental tumor test, Dr. Friess asked that more explanation be given and perhaps, where 
appropriate, values from the Fisher exact test and Cochran-Armitage trend test could be included in 
summary tables. Dr. J.Huff, NTP, noted that the results of the latter two tests are included routinely 
in the statistical analyses appendix but since NTP emphasizes survivaI-adjusted methods, only these 
analyses are generally included in the Results. Dr. Friess also suggested that the discussion on the 
role of benzene metabolites and putative precursors in benzene carcinogenesis be condensed and 
made less speculative. 

As a second principal reviewer, Dr. Swenberg agreed with the conclusions; however, he suggested 
that the maximum tolerated dose (MTD) was exceeded in the high dose male rats. Like Dr. Friess, he 
thought this was an  important bioassay of a widely used chemical and there was little question that 
benzene was carcinogenic in these studies. He said that general comments needed to be made to pro- 
vide more emphasis for the route of administration (gavage), since the routes relevant to human ex- 
posure were mainly inhalation and dermal. Dr. Swenberg’s critique focused on two areas: a need for 
editing and reorganizing the manuscript, and a more complete presentation of the hematologic data. 
Dr. Huff proposed that consideration of the hematologic data be deferred and the present discussion 
concentrate on the carcinogenicity of benzene, since the hematologic data may not have been ade- 
quately analyzed and appeared to be somewhat inconsistent. 

As a third principal reviewer, Dr. Davis also agreed with the conclusions and said the report provided 
a good analysis of the carcinogenicity data. She stated that a more detailed discussion of reproductive 
and chromosomal effects was needed and the information on epidemiologic studies, human exposure, 
and production patterns could be expanded. She said the hematologic data were not essential to the 
study. 

As a fourth principal reviewer, Dr. Elashoff agreed with the conclusions. He stated that, for some 
tumor sites specified in the conclusions, statistical significance depended on the test used; the discus- 
sion section therefore should contain the rationale for using a particular test €or a given site. In view 
of the multiple sex/species/tumor sites, he recommended including in the Discussion summary tables 
of response data which would indicate significant findings. He discussed and attached a series of such 
tables to his review. Dr. Elashoff noted the patterns of late mortality with most animals dying after 
90 weeks (rats) or 95 weeks (mice), and emphasized that survival was good to that time and the cause 
of death was likely associated with the neoplasms. 

In discussion by the Panel, Dr. Scala stated that there should be more balance in the Discussion sec- 
tion of the report on the metabolism of benzene and that the in-depth description of genetic toxicology 
information could be enhanced with a summary table. Dr. Davis noted that significant nontumor 
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toxic effects might be included in the Abstract. Dr. Hook noted a consensus for inclusion of note- 
worthy nontumor effects in the Abstract. 

Dr. Hook said there appeared to be two issues to be discussed and resolved, one having to do with the 
interpretative conclusions and the other having to do with the overall contents of the Technical 
Report. Dr. Swenberg said there appeared to be no disagreement on the carcinogenicity conclusions. 
Mr. Beliczky moved that the conclusions be accepted as written. Dr. Swenberg seconded the motion, 
and the conclusions were approved by seven affirmative votes with two abstentions (Dr. Holland and 
Dr. Scala). 

The ensuing discussion concerned the amount of information to be released before final approval of 
the report by the Panel and what subsequent action should be proposed with respect to the full Tech- 
nical Report including the hematologic data. There was some agreement that the conclusions be re- 
leased with a brief introduction along with the data tables and text supporting the conclusions. The 
full Abstract would not be included because it had not been voted on. With regard to the final Tech- 
nical Report, the prevailing view of Panel members was to review a revised report a t  a subsequent 
Peer Review meeting. Dr. Friess moved that the carcinogenesis results and interpretations be made 
available with the conclusions that were agreed upon and accepted by the Panel and that a full draft 
of the Technical Report on benzene be reviewed at  an upcoming meeting. The motion was seconded 
and approved by seven affirmative votes with two abstentions (Dr. Holland and Dr. Scala). 
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preted, (b) to determine if the design and conditions of the NTP studies were appropriate, (c)  to ensure 
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judge the significance of the experimental results by scientific criteria, and (e) to assess the evalua- 
tion of the evidence of carcinogenicity and other observed toxic responses. 
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SUMMARY OF PEER REVIEW COMMENTS ON THE 
TOXICOLOGY AND CARCINOGENESIS STUDIES OF BENZENE 

(July27,1984 Meeting) 

On July 27,1984, the draft Technical Report on the toxicology and carcinogenesis studies of benzene 
received peer review by the National Toxicology Program Board of Scientific Counselors’ Technical 
Reports Review Subcommittee and associated Panel of Experts. The review meeting began at 9:00 
a.m. in the Conference Center, Building 101, South Campus, National Institute of Environmental 
Health Sciences, Research Triangle Park, North Carolina. 

The draft Technical Report on the toxicology and carcinogenesis studies of benzene was initially 
evaluated by the Peer Review Panel on October 28,1983. The interpretative conclusions on the car- 
cinogenesis results were accepted by the Panel a t  that time; however, approval of the full Technical 
Report was deferred to allow for complete analyses of the hematologic data and inclusion of reportable 
findings into the report, and to allow for editorial tightening and incorporation of a number of sug- 
gested changes. 

In the current review, Dr. Friess, a principal reviewer, again agreed with the conclusions. He noted 
that the conclusions relating to the hematologic findings, especially the dose-related lymphocyto- 
penia and associated leucocytopenia, and suggested they be added to the conclusions on carcino- 
genicity. Dr. J. Huff, NTP, said this would be done. 

As a second principal reviewer, Dr. Davis said some comment should be made on the use of corn oil as 
the vehicle in view of the possible cocarcinogenicity of corn oil. Dr. E. McConnell, NTP, pointed out 
that NTP is investigating the mechanism for these apparent effects (pancreatic lesions) associated 
with corn oil gavage (Boorman and Eustis, 1984). Dr. Huff said a manuscript (Haseman et al., 1985) 
had been accepted for publication regarding the incidence of neoplasms in untreated and corn oil 
gavage controls; where relevant, this reference would be cited in appropriate technical reports. In 
essence, he said that the historical control data on Fischer 344 (F344/N) rats and B6C3F1 mice from 
the National Toxicology Program were examined to determine if animals receiving corn oil by gavage 
showed tumor incidences that differed from those in untreated control animals. Analyses of these 
data were adjusted for interlaboratory variability, time-related trends, and supplier effects. Two 
significant effects were found: male F344/N vehicle control rats receiving corn oil by gavage showed a 
significantly higher (P<0.05) incidence of pancreatic acinar cell adenomas and a significantly lower 
(P<0.001) incidence of leukemia (primarily mononuclear cell leukemia) than did the corresponding 
untreated controls. The increased incidences of pancreatic acinar cell adenomas observed in corn oil 
gavage male rats were associated with elevated body weights observed in these animals relative to 
those observed in untreated controls. Little difference in tumor incidence between corn oil gavage 
and untreated controls was observed in female F344/N rats and male and female B6C3F1 mice. Dr. 
Davis said more mention should be given to the extensive epidemiologic studies on benzene. 

As a third principal reviewer, Dr. Van Ryzin said the Technical Report was complete. 

There was some discussion about the relevance of the gavage route versus other routes by which 
human exposure is more likely to occur, especially inhalation and dermal routes. Mr. Beliczky asked 
that a comment be included on skin absorption as an important route of entry. He referred to a study 
by the National Institute for Occupational Safety and Health which measured skin absorption in 
hairless mice. Dr. Tannenbaum stated that the route of administration can have a major influence on 
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the tumorigenicity of a chemical. Dr. Huff noted that Dr. C. Maltoni had demonstrated positive 
effects for benzene by both the inhalation and olive oil gavage exposure routes. Mr. Beliczky said that 
human risk assessments have been performed for benzene and should be referenced. Dr. Huff 
responded that additional references would be included on epidemiologic studies and situations of 
risk assessment. 

Dr. Friess moved that the Technical Report on the toxicology and carcinogenesis studies of benzene be 
accepted with revisions as suggested. Mr. Beliczky seconded the motion, and the report was approved 
by nine affirmative votes. There was one absention (Dr. Kociba). 
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BENZENE 
Benzol, Cyclohexatriene, Pyrobenzol 

C6H,g MW = 78.11 


C = 92.25% H = 7.75% 


CASNO.71-43-2 


STRUCTURE AND PROPERTIES 

The representation of the benzene molecule has 
evolved from the resonance ring structures des- 
cribed by Kekule in 1865 to the structure in 
which all six carbon- to-carbon bonds are iden- 
tical (see above representations). 

Benzene a t  room temperature is a highly 
flammable, colorless, transparent liquid having 
a boiling point of 80" C and a melting point of 
5.5" C. Slightly soluble in water (1.8 g/liter), 
benzene is miscible with a variety of organic sol- 
vents and with oils. Benzene has a vapor pres- 
sure of 13 mm Hg, a flashpoint of -11"C, and a 
flammability limit in air of 1.5%-8.0%.It is gen
erally available in three grades--refined, nitra- 
tion, and industrial. The differences are based 
on the content of nonaromatics specified (less 
than 0.15%for refined) and on the distiilation 
range (less than 1" C for refined and nitration 
grades and less than 2"C for industrial grade). 

PRODUCTION, USE, AND OCCURRENCE 

Benzene ranks 16th in production volume for 
chemicals produced in the United States, with 
approximately 9.9 billion pounds being produced 
in 1984, 9.1 billion pounds in 1983, and 7.8 bil
lion pounds in 1982 (Chem. & Eng. News, 1985). 
This simplest aromatic chemical is used primar- 
ily as a raw material in the synthesis of styrene 
(polystyrene plastics and synthetic rubber), 
phenol (phenolic resins), cyclohexane (nylon), 
aniline, maleic anhydride (polyester resins), 
alkylbenzenes (detergents), chlorobenzenes, and 

other products used in the production of drugs, 
dyes, insecticides, and plastics (Purcell, 1978). 
Benzene, along with other light, high-octane 
aromatic hydrocarbons, such as toluene and 
xylenes, is a component of motor gasoline. Ben- 
zene is also used as  a solvent, but for most appli- 
cations, it has been replaced by less hazardous 
solvents. 

Benzene has a long history of extensive use in 
industry, first as a volatile solvent and later as a 
starting material for the synthesis of other 
chemicals. An aromatic fraction containing 
benzene was known in the 18th century as a 
product of the distillation of coal (Purcell, 1978). 
Benzene, or bicarburet of hydrogen as it was 
then called, was first isolated in 1825 by Fara- 
day, who obtained it from a liquid condensed by 
compressing oil gas. In 1833, Mitscherlich ob- 
tained bicarbure t of hydrogen by distilling ben- 
zoic acid with lime and suggested the name 
"benzin" for the compound. Leibig objected and 
proposed "benzole." In 1845, benzene was found 
by Hoffman in light oil derived from coal tar. 
The commercial recovery of benzene from this 
source was developed and described by Mans- 
field in 1849. The synthesis of benzene by the 
polymerization of acetylene was first carried out 
by Berthelot in 1866. Discovery of benzene in 
coal gas after 1876 initiated the recovery of coal 
gas light oil as a source of benzene. Although 
petroleum was known to contain benzene, re- 
covery of this material was not undertaken on a 
commercial scale until about 1941. Several 
years after the end of World War II, the demand 
for benzene by the rapidly expanding chemical 
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industry exceeded the total production by the 
coal carbonization industry. To help meet this 
deficit, benzene was produced in ever increasing 
amounts by the petroleum and petrochemical 
industries by the recovery from reformate and 
liquid byproducts of ethylene manufacture. 
Today, production from these sources far exceeds 
that from coal. 

Benzene, the parent hydrocarbon of a series of 
aromatic compounds, should not be confused 
with the product benzin or benzine, a compar- 
atively low boiling petroleum fraction consisting 
of a mixture of hydrocarbons, predominately 
aliphatic in type. The term “benzol” is used to 
describe commercial products that are largely 
benzene; the term is rarely seen in the United 
States but is still found in British publications. 
The pure compound is now called benzene, the 
name approved by the International Union of 
Pure and Applied Chemistry and adopted by 
industries and nomenclature experts. 

Benzene recovered from both petroleum and coal 
sources is extracted from catalytic reformate 
made in oil refineries, from pyrolysis gasoline 
made in steam-cracking olefin plants, from light 
oils in coking coal, and from dealkylation of 
toluene (Chem. 8z Eng. News, 1980). The major 
derivatives of benzene are ethylbenzene (50%), 
cumene (15%), cyclohexane (15%), and aniline 
(5%). Primary end uses include polystyrene 
(25%), nylon (20%), other styrenic polymers 
(lo%), and rubber (5%). As an antiknock chemi- 
cal, benzene and benzene-enriched aromatics are 
added to gasoline as a replacement for alkyl lead 
compounds. The benzene content of European 
motor fuel is about 5%(CGOS, 1982); U.S.gaso
line contains an  average of 0.8% (IARC, 1982). 

Benzene is apparently ubiquitous in the en
vironment. The main source of benzene in the 
environment is from industrial processes. How- 
ever, benzene is a natural constituent of crude 
oil (Brief et al., 1980). Early uses of benzene as a 
solvent regularly resulted in workplace air con- 
centrations of 1,600-3,200 mg/m3 (approxi
mately 500-1,000 ppm) and above (IARC, 1982). 
In addition to the major source of benzene in the 
environment (industry), benzene is found in air, 
water, and sediments; soil and plants; food, 

beverages, and feed; tobacco and tobacco smoke; 
and pyrolysis products. 

HUMAN EXPOSURE 

Hunter (1978) chronicles the history of long- 
term benzene exposure; a few early facts are 
given here for historic interest. In the last years 
of the 19th century, the use of benzene as a rub
ber solvent led to small outbreaks of “purpura 
hemorrhagica” with a number of deaths from 
aplastic anemia. Selling (1916) was the first to 
associate benzene poisoning with leukopenia. 
Unfortunately, this association led to using ben- 
zene in the treatment of leukemia; benzene was 
given in gelatin capsules starting with 3 g per 
day and increasing to 5 g per day. The result 
was a gain in weight, shrinkage of the spleen, 
and great reduction of the white cell count. 
After some months of treatment, however, most 
patients developed multiple hemorrhages, es
pecially from the fauces and gums; women ex- 
perienced troublesome menorrhagia. With ad- 
vancing anemia (loss of white and red blood 
cells), fever, and bleeding, these patients died of 
chronic poisoning. In most industrial countries, 
the use of benzene as a solvent increased after 
World War I. In 1922, Alice Hamilton began her 
efforts to reduce the hazards of benzene in 
American industry. 

Workplace and environmental exposure to ben- 
zene is widespread. As many as 2 million 
workers may be exposed (NIOSH, 1977; Brief et 
al., 1980). Nonoccupational exposure to benzene 
results primarily from environmental contami- 
nation, the chief sources being automobile and 
factory emissions and cigarette smoke. Benzene 
intake by urban residents in the United States is 
approximately 850 pg per day (NRC, 1980). 
Benzene is present in cigarette smoke at  concen- 
trations of 47-64 ppm (Lauwerys, 1979). Dietary 
intake may be as high as 250 pg per day (NRC, 
1980). Benzene has been identified in bottled 
artesian water (Dowty et al., 1975) and in boiled 
beef and canned beef stew (Chang and Peterson, 
1977). 

Two recent studies have shown considerable 
benzene absorption via skin. Susten et al. 
(19851, using hairless mice, calculated that 20%- 
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40% of the total benzene dose received by hu- 
mans in tire-building operations could be ab- 
sorbed dermally. Blank and McAuliffe (1985) 
calculated that an  adult working in ambient air 
containing 10 ppm benzene would absorb 7.5 p1 
per hour from inhalation and 1.5 pl per hour 
from whole body (2m2) exposure. They also cal- 
culated that 100 cm2 glabrous skin in contact 
with gasoline containing 5% benzene would ab- 
sorb 7.0 p1 per hour. These results are not too 
different from those decided by Susten et al. 
(1985) using mouse skin. 

EXPOSURE STANDARD 

Adopted in 1971, the present Occupational 
Safety and Health Administration (OSHA) 
standard for benzene is an  8-hour time-weighted 
average (TWA) of 10 ppm with a ceiling limit of 
25 ppm and a maximum peak concentration of 
50 ppm for a 10-minute period (Fed. Reg., 1985). 
The standard apparently was based on concern 
about the development of aplastic anemia and 
depression of various cellular elements in the 
blood, but not on concern about the development 
of cancer. In May 1977, OSHA issued an  Emer- 
gency Temporary Standard that reduced expo- 
sures to benzene to 1 ppm and included other 
provisions. In February 1978, OSHA pro
mulgated a new permanent standard for occu- 
pational exposure to benzene based on evidence 
that there was a causal connection between ben- 
zene exposure and leukemia. This standard 
limited employee exposure to 1ppm as  an 8-hour 
TWA, the level then estimated to be the lowest 
feasible. The standard included a ceiling limit of 
5 ppm for any 15-minute period during an 8
hour day, limits on eye and skin contact with 
benzene, and industrial hygiene and medical 
surveillance provisions. 

The United States Court of Appeals for the Fifth 
Circuit vacated the standard in 1978 and the 
Supreme Court affirmed that judgment in 1980. 
The Supreme Court held that OSHA’s prior ap- 
proach (reducing exposures to the lowest feasible 
level when there was strong qualitative evi- 
dence of carcinogenicity) was insufficient. 

In December 1985, OSHA issued a newly pro- 
posed rule and notice of hearing on occupational 
exposure to benzene (Fed. Reg., 1985). In this 

announcement, OSHA “proposes to reduce the 
existing benzene permissible exposure limit of 
10 parts benzene per million parts of air (10 
ppm) to an eight (Sl-hour time-weighted average 
of 1 ppm to reduce substantially a significant 
health risk.’’ The current 10-ppm exposure limit 
in the United States corresponds to that in most 
other industrialized countries, except for 
Sweden ( 5  ppm) and the USSR (5  mg/m3 ap- 
proximately equivalent to 2 ppm) (Holmberg 
and Lundberg, 1985). 

TOXICITY IN ANIMALS 

The Proceedings of the International Collegium 
Ramazzini Conference on Benzene held in New 
York, New York, on November 3-4, 1983, have 
been published (Am. J. Ind. Med., 1985; 
Mehlman, 1985). 

The following oral LD50 values have been re- 
ported for benzene: 0.93 g/kg for Sprague-
Dawley rats (Cornish and Ryan, 1965),3.8 ml/kg 
for young adult male Sprague-Dawley rats 
(Kimura et al., 1971), and 5.6 g/kg for male Wis- 
tar rats (Wolf et al., 1956). The LC50 value for a 
7-hour exposure is 10,000 ppm for mice (Svirbely 
et al., 1943). 

Depression of bone marrow function, resulting 
in leukopenia, was observed in rodents exposed 
to benzene: Sprague-Dawley rats (44 ppm, 
5 hours per day, 4 days per week for 5 weeks); 
AKFUJ mice (300 ppm, 6 hours per day for 28 
days); and male CD-1 mice (103 ppm, 6 hours per 
day, 5 days per week, for 26 weeks). Similar 
results were also obtained in Wistar rats admin- 
istered benzene orally (1 mg/kg for 14 days) and 
F344 rats administered benzene by subcu
taneous injection (1 ml/kg per day for 10 days) 
(Gerarde, 1956; Deichmann et al., 1963; Irons et 
al., 1979; Green et al., 1981). Pretreatment of 
rats with Aroclor 1254s resulted in decreased 
polyphenolic metabolites located in bone mar- 
row and provided protection against benzene- 
induced lymphocytopenia (Greenlee et al., 1981). 
Relative spleen weights were reduced in DDFl 
mice administered benzene by inhalation (4,680 
ppm, 8 hours per day for 3 days), and involution 
of the spleen occurred in Wistar rats ad
ministered 1 mg/kg by gavage for 14 days (Uyeki 
et al., 1977; Gerarde, 1956). 
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The hematotoxicity of benzene has been studied 
extensively, and a number of review articles 
have been published (IARC, 1982; Laskin and 
Goldstein, 1977; Snyder and Kocsis, 1975). The 
large literature on the effects of benzene on the 
hematopoietic system is not discussed in this 
report. 

METABOLISM AND EXCRETION 

After monosubstitution of benzene has occurred, 
three disubstitution positions are chemically 
possible: 1,2- (ortho-);1,3-(rnetu-); or 1,4- (para-). 
Electron-withdrawing groups promote meta
substitutions and electron donating groups favor 
ortho- and para- substitutions. Since most 
benzene metabolites are hydroxyl additions, the 
ortho-/para- positions predominate (Purcell, 
1978). Following metabolic formation of phenol 
(C~HSOH), further metabolism leads to both 
catechol (pyrocatechol; ortho-dihydroxybenzene) 
and hydroquinone (para-dihydroxybenzene). 
The third possible form, metu-dihydroxybenzene 
(resorcinol), probably does not occur. As de- 
scribed by Irons and Pfeifer (19821, the primary 
oxidation of benzene occurs via the cyto
chrome P-450-dependent monooxygenase sys
tem, resulting in biologically reactive interme- 
diates (Figure 1). As generally agreed, benzene 
per se does not represent the principal structural 
moiety causing the identified toxic effects on the 
bone marrow or lymphoid system (Irons and 
Pfeifer, 1982; Bolcsak and Nerland, 1983). The 
metabolism and elimination of benzene in hu- 
mans appear to be similar to those in rats and 
mice; the amounts of various metabolites, the 
extent of metabolism, and the nature of the 
phenol conjugates depend on the species, strain, 
and the route of administration (Rusch et al., 
1977). 

The National Institute of Environmental Health 
Sciences is conducting studies of the compara- 
tive metabolism and disposition of benzene and 
its metabolites in selected tissues in F344 rats 
and B6C3F1 mice by the oral and inhalation 
routes (Sabourin et al., 1986). In both species, 
metabolism of benzene is nonlinear a t  all doses 
above 50 mg/kg. During 6-hour inhalation ex- 
posures, metabolism is exponentially related to 
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vapor concentration. One-half maximal satura- 
tion occurs a t  280 ppm in rats and at 115 ppm in 
mice. Animals are exposed to 3H-benzene a t  0.5
300 mg/kg per day (oral) or 1.0-300 ppm for 6 
hours per day (inhalation) for 5 days. Following 
the final exposure, animals will be killed a t  mul- 
tiple time points and benzene and its metabo- 
lites quantitated in urine, blood, feces, liver, 
lung, bone marrow, and Zymbal gland. Metabo- 
lites in oral cavity, stomach, skin around the 
mouth, and skin on the back will be analyzed 
only a t  the low and high doses. Metabolites to be 
analyzed by high-performance liquid chromatog- 
raphy include benzene, trihydroxybenzene, hy- 
droquinone, catechol, phenol , muconic acid, and 
water soluble conjugates. To date, exposure of 
F344 rats and B6C3F1 mice to 3H-benzene a t  
0.5,5,15,50,150, and 300 mg/kg per day by the 
oral route has been completed, and tissue sam- 
ples are currently being analyzed for both water- 
soluble and unconjugated metabolites. To deter
mine the actual exposure of the animal to a 
given dose of benzene requires that the amount 
of uptake be known. Therefore, the gastrointes- 
tinal and pulmonary uptake of 14C-benzene is 
being investigated. Gastrointestinal uptake 
studies indicate nearly 100% uptake of orally ad- 
ministered benzene by the gastrointestinal tract 
in all three animal strains. At 300 mg/kg, ap- 
proximately 60% of the administered benzene is 
exhaled and the remainder is excreted in the 
urine. However, a t  a dose of 0.5 mg/kg, almost 
all of the 14C-benzene equivalents are excreted 
in the urine. 

GENETIC TOXICOLOGY OF BENZENE 

A summary of the genetic toxicology of benzene 
is shown in Table 2. Recent findings on the ge- 
netic toxicology of benzene and other solvents 
(toluene, xylenes, phenols) have been summa- 
rized by Dean (1985). 

Bacterial Systems 

Many studies have shown that benzene is not 
mutagenic in bacteria. Eight strains of Salmo- 
nella have been used, and rat  liver S9 has been 
prepared from uninduced animals and from ani- 
mals induced with 3-methyl~holanthrene~ phe
nobarbital, or Aroclor 1254 (Simmon et al., 1977; 
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FIGURE 1. PATHWAYS OF BENZENE METABOLISM AND EXCRETION 

Adapted from Parke and Williams, 1953;Laskin and Goldstein, 1977;Goldstein et  al., 1982;Irons and Pfeifer, 1982;Pfeifer and 
Irons, 1983;Erexson et  al., 1985;Sawahata e t  al., 1985.Values in parentheses are percentages of metabolic products detected 
in urine of animals (rabbits, rats, mice, dogs) or humans. Asterisks denote putative or demonstrated alkylating activity toward 
intracellular nucleophiles AHH = aryl hydrocarbon hydroxylase; UDPG = uridine diphosphate glucuronyl transferase; PAPS 
= 3'-phospho-adenosine-5'-phosphosulfate. Dashed lines indicate putative pathways. trans, trans-Muconaldehyde is a 
postulated intermediate. 
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TABLE 2. SUMMARY OF THE GENETIC TOXICOLOGY OF BENZENE 

Test System 

Bacterial Systems 

Salmonella typhimurium 

Bacillus subtilis 

B. subtilis 


Escherichia coli 


E. coli 

Nonmammalian Eukaryotes 

Saccharomyces cerevisiae 

Tradescantia 

Drosophila melanogaster 

Mammalian Cells (in vitro) 

Mouse lymphoma 

Human leukocytes 

Human lymphocytes 

Chinese hamster ovary cells 

Mammals (in vivo) 

Mice 

Endpoint Result 

Gene mutation 

DNA damage 

Gene mutation 

Gene mutation 

Chromosomal aberrations 

Chromosomal aberrations 

Sister-chromatid exchanges 

Chromosomal aberrations 

Micronuclei 

Chromosomal aberrations 

References 

Lyon, 1975 

Cotruvo et  al., 1977 

Simmon et  al., 1977 

Shahin and Fournier, 1978 

Kaden et  al., 1979 

Bartsch et  al., 1980 

Florin et al., 1980 

Ho et al., 1981 

Hermann, 1981 


Tanooka, 1977 

McCarrollet al., 1981a 

McCarroll et al., 1981b 

Rosenkranz and Leifer. 1980 

Egilsson et al., 1979 

Schairer e t  al., 1978 

Schairer and Sautkulis, 1982 


Nylander e t  al., 1978 

Kale and Baum. 1983 


Lebowitz et al., 1979 

Koizumi et  al., 1974 

Morimoto, 1974 
Gerner-Smidt and Friedrich, 1978 

Gerner-Smidt and Friedrich, 1978 
Morimoto and Wolff, 1980 
Morimoto, 1983 
Morimoto et  al., 1983 

NTP (Appendix G) 

Diaz et al., 1980 
Hite et al., 1980 
Meyne and Legator, 1980 
Siou et a1.,1981 
Tunek et al., 1982 
NTP (Appendix G) 

Meyne and Legator, 1980 
Tice et  al., 1980 
Siou et al., 1981 
Tice et al.. 1982 
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TABLE 2. SUMMARY OF THE GENETIC TOXICOLOGY OF BENZENE (Continued) 

Test System 

Mammals (invivo) 

Mice (Continued) 

Rats 

Hamsters 

Rabbits 


Humans 


Endpoint Result References 

Sister-chromatid exchanges + Tice et  al., 1980 

Sperm morphology 

Micronuclei 

Chromosomal aberrations 

Sperm morphology 

Micronuclei 
Chromosomal aberrations 

Chromosomal aberrations 

Chromosomal aberrations 

Cotruvo et al., 1977; Shahin and Fournier, 1978: 
Florin et al., 1980; Ho et al., 1981; Hermann, 
1981). Although all of these studies used the 
standard plate-incorporation assay described by 
Ames et al. (1975), negative results were ob
tained in a host-mediated assay that consisted of 
strain TA1950 injected intraperitoneally into 
Swiss albino mice; the mice then received two 
subcutaneous 0.l-ml injections of benzene at 1
hour intervals (Lyon, 1975). Bartsch et al. 
(1980) exposed strains TA98 and TA100 in in- 
verted Petri dishes at concentrations less than or 
equal to 20% benzene (v/v) in air in a 10-liter 
desiccator for 4or 12 hours a t  37" C. The results 
were negative in the presence or absence of 
Aroclor-induced rat liver S9. Although all of 
these studies were reverse-mutation assays a t  a 
histidine gene in Salmonella, a forward-muta- 
tion assay in Salmonella for resistance to 8-aza
guanine also failed to detect any mutagenic ac- 
tivity of benzene (Kaden et al., 1979). Benzene 
not only failed to revert a variety of strains of 
Salmonella but also did not revert a histidine 
auxotroph of Bacillus subtilis (Tanooka, 1977). 
Although McCarroll et al. (1981a,b) reported 
that benzene caused growth inhibition by pro- 
ducing DNA damage in B. subtilis and Escheri
chia coli, Rosenkranz and Leifer (1980) found 

+ Tice e t  al., 1982 

+ Topham, 1980 

+ Lyon, 1975 

+ Lyon, 1975+ Dean, 1969
+ Anderson and Richardson, 1981 

- Lyon, 1975 

- Siou et  al., 1981
- Siou et  al., 1981 


+ Kissling and Speck, 1971 

+ Reviewed by IARC, 1982 

that benzene was negative in the E.  coli pol A 
test. 

Nonmammalian Eukaryotic Systems 

Benzene failed to induce petites in yeast 
(Egilsson et al., 1979) and was negative for both 
somatic mutation (Nylander et al., 1978) and 
germ cell mutation (sex-linked recessive lethal) 
in Drosophila (Kale and Baum, 1983). However, 
exposure of vascular plant Tradescantia resulted 
in mutations (Schairer et al., 1978; Schairer and 
Sautkulis, 1982). Thus, it appears that this 
higher plant may be capable of metabolizing 
benzene to mutagenic metabolites. 

Mammalian Cells in Vitro 

Benzene was not mutagenic in the mouse 
lymphoma forward-mutation assay in 
L5178YITK"- cells (Lebowitz et al., 1979). 
However, the genotoxic effects of benzene have 
been studied in cultured human cells. Koizumi 
et al. (1974) showed that benzene inhibited DNA 
synthesis in HeLa cells and in human leukocytes 
in vitro. The authors also found that benzene in- 
duced chromosome breaks and gaps in cultured 
human leukocytes, but high doses (1.1and 2.2 X 
10-3 M) and long exposure times (72 hours) were 
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required to produce the chromosomal ab
normalities. Morimoto (1974) reported that 
treatment of cultured human lymphocytes with 
benzene at high doses (2 X 10-4 to 3 X 10-3 M) 
for long exposure times (53 hours) caused chro- 
mosomal abnormalities, including acentric frag- 
ments, breaks, and gaps. These observations 
were not confirmed by Gerner-Smidt and Fried- 
rich (1978), who treated cultured human lym- 
phocytes with benzene (2.1 X 10-2 M) for 72 
hours and found no increase in either chromo- 
somal aberrations or in sister-chromatid ex
changes (SCE’s). Likewise, Morimoto and Wolff 
(1980) found that benzene (5  X 10-3 M for 72 
hours) did not induce SCE’s in cultured human 
lymphocytes; these authors did find, however, 
that two major metabolites, catechol and hydro- 
quinone, induced SCE’s at low concentrations (3 
and 9 X 10-5 M, respectively). None of these 
studies in cultured human cells incorporated ex- 
ogenous metabolic activation. Benzene did not 
induce SCE’s or chromosomal aberrations in 
Chinese hamster ovary (CHO) cells in the pres- 
ence or absence of Aroclor-induced rat  liver S9 
(Appendix G). Morimoto (1983) and Morimoto et 
al. (1983) reported that benzene induced SCE’s 
in vitro, but high doses of benzene (5 mM) and of 
S9 (10%-20%) were required. 

Mammals in Vivo 

Although benzene has given mixed results for 
the induction of SCE’s and for chromosomal ab- 
errations in vitro, it is one of the few compounds 
that has been tested extensively for a variety of 
cytogenetic effects in vivo. There are now a 
dozen studies that show that benzene causes cy
togenetic damage in rodents in vivo; of these, 
eight are in mice (Diaz et al., 1980; Hite et al., 
1980; Meyne and Legator, 1980; Tice et al., 1980; 
Siou et  al., 1981; Tice et al., 1982; Tunek et al., 
1982; NTP, Appendix G);three are in rats 
(Dean, 1969; Lyon, 1975; Anderson and Richard- 
son, 1981); and one is in rabbits (Kissling and 
Speck, 1971). However, benzene failed to induce 
cytogenetic damage in hamsters (Siou et al., 
1981). 

Micronuclei. Micronuclei are chromosomes or 
small fragments of chromosomes that are not 
incorporated into daughter nuclei during cell 
division. They may be induced by agents that 

break chromosomes (clastogens) or that affect 
the spindle apparatus. The ability of benzene to 
induce micronuclei in the bone marrow poly-
chromatic erythrocytes of mice has been con
firmed by five independent studies in five 
strains of mice. Diaz et al. (1980) and Tunek et 
al. (1982) administered benzene subcutaneously 
to male mice (the F1 from the cross CSW X Cs 
No. 1 or outbred NMRI) and observed a dose- 
dependent increase in micronuclei. Benzene was 
administered by gavage to male and female mice 
in the following three studies. Hite et al. (1980) 
found that benzene induced similar dose-depen- 
dent increases in micronuclei in both sexes of 
Charles River (CD-1) mice. Meyne and Legator 
(1980) and Siou et al. (1981), who used Swiss 
(CD-1) and Swiss Lane Petter mice, respectively, 
also found that benzene induced micronuclei in 
both sexes, but with greater dose-dependent in- 
creases in micronuclei in males than in females. 
Siou et  al. (1981) showed that castration of 
males reduced their sensitivity for micronuclei 
formation below that of the females. Meyne and 
Legator (1980) found that intraperitoneal injec- 
tions of benzene produced a dose-dependent in- 
crease in micronuclei in males and yet caused no 
increase in micronuclei in females. The NTP 
(Appendix G)found that benzene administered 
by gavage induced micronuclei in male and fe- 
male B6C3F1 mice; males were more sensitive 
than females (Choy et al., 1985). In male Long- 
Evans rats, intraperitoneal injections of benzene 
induced a dose-dependent increase in micro- 
nuclei, and the doses were similar to those that 
induced micronuclei in mice (Lyon, 1975). Al- 
though benzene induced micronuclei in mice and 
rats, Siou et al. (1981) did not find an increase in 
micronuclei in hamsters that received benzene 
by gavage. 

Chromosomal Aberrations. Meyne and Legator 
(1980) reported that exposure of Swiss (CD-1) 
mice to benzene by gavage or intraperitoneal in- 
jection increased the frequency of chromosomal 
aberrations and that males were more sensitive 
than females. However, Tice et al. (1980) found 
that exposure of DBN2 mice to benzene by in- 
halation caused an increase in chromosomal 
aberrations only when the animals had been 
pretreated with phenobarbital. The authors also 
showed that the combination of benzene and 
phenobarbital inhibited cellular proliferation in 
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the bone marrow; once again, males were more 
sensitive to this inhibition than were females. 
Subsequent studies (Tice et al., 1982) showed 
that the combination of benzene and pheno- 
barbital enhanced the frequency of chromosomal 
aberrations in males more than in females. The 
aberrations were all of the chromatid-type, not 
of chromosome-type, and there were no increases 
in chromosomal rearrangements of any kind. 
Siou et al. (1981) confirmed the observations of 
Meyne and Legator (1980) by administering 
benzene by gavage to Swiss Lane Petter mice: 
chromosome gaps were enhanced in both sexes, 
and males were more sensitive than females. 

Three reports show that benzene induces chro- 
mosomal aberrations in rats. Lyon (1975) in- 
jected benzene intraperitoneally into male Long- 
Evans rats and found a significant increase in 
chromosomal aberrations in bone marrow cells, 
including achromatic lesions, chromatid and 
chromosome deletions, and double minutes 
(small supernumerary chromosomal fragments). 
Dean (1969) reported that benzene injected in- 
traperitoneally into Carworth CF1 rats in
creased the number of chromatid gaps and chro- 
mosome fragments in bone marrow cells from 
both sexes. Anderson and Richardson (1981) ex- 
amined the ability of benzene to induce chromo- 
somal aberrations in the bone marrow cells of 
Wistar-derived male Alderly Park rats. Expo
sure by inhalation or injection increased the fre- 
quency of chromosomal aberrations. No dose 
response was observed, and a single exposure 
was as effective as multiple doses, A significant 
increase in chromosomal aberrations, mostly 
gaps and breaks, was found in rabbits injected 
subcutaneously with benzene (Kissling and 
Speck, 1971). 

Although benzene induces chromosomal aberra- 
tions in mice, rats, and rabbits, a similar effect 
has not been seen in Chinese hamsters. Siou et 
al. (1981) administered benzene by gavage to 
Chinese hamsters and reported no increase in 
chromosomal aberrations. This result suggests 
that hamsters’ sensitivity to benzene is different 
from that of other rodents. 

Sister Chromatid Exchanges. The ability of ben
zene to induce SCE% in mice was reported by 
Tice et al. (1980, 1982): inhaled benzene 

enhanced the frequency of SCE’s in male and fe- 
male DBN2 mice, but more so in males. Three- 
month-old mice were more sensitive than were 
10-month-old mice. The authors also compared 
effects resulting from two different routes of ex- 
posure and found that inhalation of 120 ppm of 
benzene for 4 hours equaled the effect of an  in- 
traperitoneal injection of 1mmole/kg. Although 
additional experiments are still in progress, the 
authors have tentatively concluded that a 
greater increase in SCE’s results from inhaled 
benzene than from injected benzene. In contrast 
to their other findings, these authors also found 
that treatment with phenobarbital before inha- 
lation of benzene enhanced SCE’s in male and fe- 
male mice but more so in females. Inhaled ben- 
zene also caused a greater increase in SCE’s in 
DBA/2 mice than in C57BL/6 mice. These two 
strains are isogenic and vary in that DBN2 mice 
have no inducible aryl hydrocarbon hydroxylase 
(AHH) activity, whereas the C57BL/6 strain 
does. 

Other Endpoints. An additional endpoint, 
sperm-head abnormalities, has been studied by 
Topham (19801, who showed that hybrid mice 
(CBA X BALB/c) given intraperitoneal injec- 
tions of benzene exhibited small but repro
ducible and significant increases in sperm-head 
abnormalities. Earlier, Lyon (1975) found that 
intraperitoneal injections of benzene in Long- 
Evans rats a t  0.5 ml/kg (one-fifth the LDsovalue) 
did not increase the frequency of dominant 
lethals. 

Cytogenetic Studies in Humans 

Benzene is one of the few agents whose cyto- 
genetic effects have been studied in humans. 
The populations studied can be divided into two 
general groups: (1)people with a current or past 
history of benzene-associated blood dyscrasias 
and (2) workers with current or past exposure to 
benzene but with no apparent clinical signs of 
blood dyscrasias. In many of the 23 studies 
(IARC, 1982), significant increases in chromo- 
somal aberrations were observed, which in some 
cases persisted €or years after exposure ceased. 
Most of these studies involved small numbers of 
humans exposed to benzene and did not present 
detailed information about the concentration 
and length of exposure. Although the data do not 
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support a clear association between exposure to 
benzene and persistent chromosomal aberra- 
tions, the data do indicate an  association 
between benzene-associated hemopathies and 
chromosomal aberrations. 

In summary, these studies show that benzene is 
clearly a clastogen and that benzene causes 
other chromosomal changes. The data further 
suggest that benzene is not a gene mutagen, an 
agent that causes a molecular change in a gene 
as opposed to a chromosome. In addition, ben- 
zene must be metabolized in vivo to cause chro- 
mosomal changes, suggesting that metabolites 
of benzene are responsible for any observed cyto- 
genetic changes. In general, male rodents are 
more sensitive than females to the genotoxic ef- 
fects of benzene, and the route of administration 
influences the ability of benzene to induce chro- 
mosomal damage. Cytogenetic damage also has 
been observed in humans who have developed 
benzene-associated hemopathies, especially 
leukemia. 

FETOTOXICITY AND TERATOGENICITY 

Cleft palate, agnathia, and micronathia were 
associated with a single subcutaneous injection 
of 3 ml/kg to CF-1 mice on day 13 of gestation 
(Watanabe and Yoshida, 1970). This study was 
considered to be less than adequate, however, 
because no controls were used. Delayed ossifica- 
tion of sternebrae was observed in the offspring 
of Sprague-Dawley rats exposed to air contain
ing 300 or 2,200 ppm benzene for 6 hours per day 
on days 6-15 of gestation (Green et al., 1978). 
Significantly increased incidences of missing 
sternebrae were observed in the female offspring 
after exposures of the mothers a t  2,200 ppm. De- 
layed ossification was also found in the fetuses of 
Sprague-Dawley rats exposed to air containing 
50 or 500 ppm benzene, 7 hours per day on day 6
15 of gestation. The mean number of caudals 
(vertebrae) in the fetuses of the rats that were 
exposed was significantly less than that in the 
fetuses of controls (Kuna and Kapp, 1981). 
Skeletal retardation and abnormalities (but not 
malformations) were observed in the offspring of 
CFY rats exposed to air containing 313 ppm ben- 
zene, 24 hours per day on days 9-14 of gestation 
(Hudak and Ungvary, 1978). 

No teratogenic effects were observed in offspring 
following 6-hour daily exposure of pregnant 
Sprague-Dawley rats to benzene vapor a t  0, 1, 
10, 40, or 100 ppm on days 6-15 of gestation 
(API, 1982). A slight fetotoxic effect (reduced 
mean fetal body weights) was reported for both 
sexes of offspring of the mothers that were ex- 
posed to benzene a t  100 ppm. The available data 
on teratologic studies have been summarized 
(Schwetz, 1983; Mehlman et al., 1981). Schwetz 
(1983) concluded that benzene has not been 
found to be teratogenic in laboratory animals ex- 
posed during the critical period of development 
of the embryo or fetus. After review of the tera- 
togenic studies, the author stated that exposure 
to benzene a t  levels that do not cause other forms 
of toxicity would not be expected to cause ad- 
verse developmental effects. Davis (1986) re- 
viewed the literature on the reproductive risks 
of benzene and concluded that more animal and 
epidemiologic studies are needed before more 
definitive conclusions can be made. 

CARCINOGENICITY 

Bone marrow hyperplasia, thymic lymphoma 
(6/40), plasmacytoma (1/40), and leukemia (1/40) 
were reported in C57BL/6J mice exposed to air 
containing 300 ppm benzene for 6 hours per day, 
5 days per week, for 488 days as compared with 
an incidence of 2/40 lymphoma (nonthymic) in 
the controls (Snyder et al., 1980). (Only thy- 
muses appearing to be abnormal a t  necropsy 
were examined microscopically.) Myelogenous 
leukemia occurred in 2/40 CD-1 mice exposed to 
air containing 300 ppm benzene for 6 hours per 
day, 5 days per week, for life, but these cannot be 
clearly related to chemical exposure (Goldstein 
et al., 1982). The reported findings from these 
studies do not allow any positive associations be- 
cause of the marginal increases together with 
the small numbers of animals used. 

Zymbal gland carcinomas were observed in 8/32 
(25%) female Sprague-Dawley rats administered 
250 mg/kg benzene in olive oil by gavage four or 
five times per week for 52 weeks, followed by 92 
weeks of observation (Maltoni and Scarnato, 
1979; Maltoni et al., 1982c, 1983). Squamous 
cell carcinomas of the oral cavity were associa- 
ted with the administration by gavage of 500 
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mg/kg benzene to Sprague-Dawley rats once a 
day for 104 weeks (Maltoni et al., 1982a). In- 
creased incidences of hepatocarcinomas were 
found in Sprague-Dawley rats exposed to air 
containing 200-300 ppm benzene, 4-7 hours per 
day for up to 104 weeks (Maltoni et al., 1982b). 
IARC (1982) summarized the 15 available stud- 
ies on benzene (1932-1981), and Van Raalte and 
Grasso (1982) reviewed the available carci- 
nogenesis data on benzene through mid-1982. 

Cronkite et al. (1985) reported that exposure of 
male and female C57BL/6 BNL mice to benzene 
vapor at or above 100 ppm for 10 exposures (6 
hours per day, 5 days per week) reduced bone 
marrow cellularity and the number of pluri- 
potent stem cells. Exposure a t  300 ppm for 2, 4, 
8, and 16 weeks showed a time-related decrease 
in stem cell levels and extended recovery 
periods. Cronkite et al. (1984,1985) showed that 
female mice exposed a t  300 ppm (6 hours per 
day, 5 days per week for 16 weeks after which 
exposure was stoppped) exhibited increased in- 
cidences of leukemia (8/88 versus 20/89) largely 
due to thymic lymphomata (M8 versus 10/89). 
In addition, Zymbal gland neoplasia (1/88 versus 
16/89) and ovarian tumors (OB8 versus 8/89) 
were increased. These authors suggest that con- 
tinuous exposure either suppresses the incidence 
of lymphoma in mice or shortens the life span, so 
lymphomas cannot be observed. Thus, shorter 
term or fractionated exposures of laboratory ani- 
mals may result in higher incidences of 
neoplasia than longer term (2-year) continuous 
exposures. 

Maltoni et  al. (1985) summarized a series of 
long-term gavage and inhalation studies con- 
ducted or ongoing a t  the Bologna Institute of On
cology, Italy. These authors reported an  associa- 
tion of benzene exposure with Zymbal gland car- 
cinomas, oral and nasal cavity carcinomas, skin 
carcinomas, acanthomas, forestomach carcino- 
mas, mammary malignant tumors, hepatomas, 
liver angiosarcomas, hemolymphoreticular neo- 
plasms, and pulmonary tumors. Details about 
these experiments are given in Maltoni et al. 
(1985)as well as in numerous other publications 
on these data from this laboratory. 

CARCINOGENESIS STUDIES ON 
BENZENE METABOLITES 

Phenol (CAS No. 108-92-2): Carcinogenesis 
studies of phenol were conducted by providing 
drinking water containing 0,2,500, or 5,000ppm 
to F344 rats and to B6C3F1 mice for 103 weeks 
(NCI, 1980; Huff, 1983). An increased incidence 
of neoplasms was detected in low dose male rats 
(leukemia--18/50, 30/50 [P<0.051, 25/50; pheo- 
chromocytoma of the adrenal glands--13/50, 
22/50 [P<0.05],9/50; and C-cell carcinoma of 
the thyroid gland--0/50, 5/49 [P<0.051, 1/50). 
No chemical-related neoplasms were observed in 
female rats or in male and female mice. 
Salaman and Glendenning (1957), Boutwell and 
Bosch (1959), Wynder and Hoffmann (19611, 
Van Duuren et al. (1968), and Van Duuren and 
Goldschmidt (1976) have shown that phenol in . 

acetone or in benzene promotes skin cancer in 
mice pretreated with 7,12-dimethyIbenz(a)anth
racene (DMBA) or 3,4-benzo(a)pyrene (B[alP). 
Phenol did not exhibit any cocarcinogenic effects 
when given with B[a]P (Van Duuren et al., 1973; 
Van Duuren and Goldschmidt, 1976). 

Catechol (CAS No. 120-80-9): In 1951, Lehman 
et al. reported a study in which groups of 12-18 
rats were exposed to 0.0625%-1.0% catechol in 
the diet for 2 years. The only response recorded 
was “beginning hepatic cell hyperplasia” in the 
0.25% group. In a short-term skin tumor-
promoting study, 30 female Sutter mice received 
0.3 ml DMBA in benzene and, beginning 1 week 
later for 15 weeks, a single drop of 15% catechol 
in benzene. No promoter activity was observed 
(Boutwell and Bosch, 1959). Van Duuren and 
Goldschmidt (1976) applied 150 pg B[a]P topi- 
cally to the dorsal skin of 50 female Swiss mice 
and 14 days later applied 2 mg catechol in 0.1 ml 
acetone three times per week until day 448. No 
tumor-promoting activity was found. Hecht et 
al. (1975) applied 75 pg DMBA in 0.1 ml acetone 
to groups of 30 female Swiss mice one time only, 
followed 10 days later with 0.1 ml of a 1%cate
chol/acetone (1 mg of catechol) solution five 
times per week for 67 weeks. In these studies, 
catechol was inactive as a tumor promoter. Van 
Duuren el al. (1973) and Van Duuren and 
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Goldschmidt (1976) applied 2 mg catechol with 
and without 5 pg B[a]P in 0.1 ml acetone to 
groups of 50 female Swiss mice three times per 
week for 368 days. Of the mice dosed with cate- 
chol and B[a]P in combination, 36 had skin pap- 
illomas (2.5 per mouse) and 31 had skin squa- 
mous cell carcinomas. In the group receiving 
only catechol, one mouse had a skin papilloma 
and one had a squamous cell papilloma. Thir
teen mice receiving B[alP had skin papillomas 
(1.1 per mouse), and 10 had squamous cell car- 
cinomas. In these experiments, catechol in- 
creased the carcinogenic activity of B[alP. Sub- 
sequently, Hecht et al. (1981) tested a subfrac- 
tion of cigarette smoke condensate containing 
97%catechol on groups of 30 female Swiss mice. 
A 0.25% catechol-acetone solution (0.1 ml) alone 
or with 0.003%B[a]P was applied five times per 
week for 52 weeks (this dose was about one-sixth 
the dose used by Van Duuren and Goldschmidt, 
1976). The combination caused increased inci- 
dences of neoplasms per mouse (1.4 versus 0.1) 
and greater percentages of mice with total skin 
tumors (73%versus 14%)and squamous cell car- 
cinomas (64%versus 11%). This study confirms 
that catechol possesses cocarcinogenic effects. 
Boyland et al. (1964) implanted 10-mg 
cholesterol pellets alone or containing 20% 
catechol into the urinary bladders of mice. Of 
the 19 mice that received the combination pellet 
and survived the 25-week experiment, 1 (5.3%) 
had a papilloma and 3 (15.8%) had carcinomas. 
Of 77 mice with cholesterol pellets, 4 (5%) had 
adenomas or papillomas and 5 (6.5%)had car- 
cinomas. A marginal decrease (P=0.03) was 
observed for the catechol group (419, 21.1%, 
versus 9/77,11.7%). 

Hydroquinone (CAS No. 123-31-9): Lehman et 
al. (1951) fed hydroquinone a t  0.125%-2.0%in 
the diet to groups of 12-18 rats for 2 years. The 
authors reported a “suggestion” of gastrointes- 
tinal ulceration and renal tumors in the 2% 
group. Carlson and Brewer (1953) offered diets 
containing 0%-0.5%or 0%-1.0%(four concentra- 
tions) with 0.1%citric acid to groups of 10-23 
male and female rats for 103 weeks. No adverse 
hematologic or histopathologic effects were 
recorded. Roe and Salaman (1955) applied 0.3 
ml of a 6.7%hydroquinone-acetone solution (20 
mg dose) to the backs of male “S”-strain mice. 
Three weeks later, croton oil (0.3 ml of a 0.5% 
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acetone solution) was applied dermally once a 
week for 18weeks. One of the 22 survivors had a 
skin papilloma. Hydroquinone was inactive as 
an initiator of skin carcinogenesis. 

Using experimental conditions similar to those 
described above for catechol, Boutwell and Bosch 
(1959) and Van Duuren and Goldschmidt (1976) 
reported that hydroquinone had no promoter ac- 
tivity with DMBA or B[alP. Boyland et al. 
(1964)tested hydroquinone as 20%in 10-mg cho- 
lesterol pellets implanted in the urinary bladder 
of mice. Six of the 19 survivors (32%)at week 25 
had bladder carcinomas, whereas four benign 
and five malignant neoplasms were found in 77 
cholesterol controls (11.7%). In this study, hy- 
droquinone was considered carcinogenic. 

In cocarcinogenesis studies, Van Duuren and 
Goldschmidt (1976) applied hydroquinone in 
doses of 5 mg with and without 5 pg B[alP in ace- 
tone (see details under catechol). Hydroquinone 
with B[a]P induced fewer skin neoplasms than 
B[a]P alone (7 mice with 11 papillomas and 3 
with squamous cell carcinomas versus 14 mice 
with 16 papillomas and 10 with squamous cell 
carcinomas). 

The National Toxicology Program has conducted 
2-year carcinogenesis studies of hydroquinone in 
male and female F344/N rats and B6C3F1 mice. 
Hydroquinone was given in water by gavage at  
doses of 0, 25, or 50 mg/kg for rats and 0, 50, or 
100 mg/kg for mice. The experiments began in 
August 1982, the exposure phase was completed 
in AugustISeptember 1984, and the initial histo- 
pathology diagnoses are being evaluated. 

p-Quinone (CAS No. 106-51-4: Three carcino- 
genesis studies have been reported (IARC, 
1977). In 1940, Takizawa painted the skin of 
mice every 1 or 2 days for about 200 days with 
0% (benzene), 0.1%,or 1.25%p-benzoquinone in 
benzene. Of 46 controls, 1 had a skin papilloma 
and 2 had adenocarcinomas of the lung. Among 
the 41 mice a t  0.1%, 6 had skin papillomas, 2 
had skin carcinomas, and 10 developed lung 
adenocarcinomas. In the 0.25%group (44 mice), 
3 had skin papillomas, 1 had a skin carcinoma, 
and 5 had lung adenocarcinomas. In a series of 
three inhalation experiments, Kishizawa (1954, 
1955, 1956) exposed groups of 25 mice to air 
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containing 0 or 5 mgp-quinone, once per day, six 
times per week. The numbers of mice with neo- 
plasms of the lung were not different between 
control and dosed groups. Umeda (1957) con- 
ducted studies in 24 rats by subcutaneously in- 
jecting 0.5 ml of propylene glycol with p-quinone 
once per week for 394 days (concentrations were 
1% from days 1to 53, 0.2% from days 54 to 173, 
and 0.4% from days 173 to 394). Of 17 surviving 
rats receiving 32 injections (81 mg p-quinone 
and 16.5 ml propylene glycol), 2 developed 
injection-site fibrosarcomas. 

EFFECTS ON HUMANS 

Humans are susceptible to benzene myelo
toxicity as shown by the high incidence of pan- 
cytopenia among workers with significant ex
posure (Goldstein, 1983). The connection be- 
tween myelotoxicity and acute myelogenous leu- 
kemia remains a subject of considerable discus- 
sion. Blood diseases associated with benzene 
exposure include pancytopenia (most frequently 
cited), leukopenia, bone marrow hypoplasia or 
aplasia, thrombocytopenia, granulocytopenia, 
and lymphocytopenia (IARC, 1982; Infante, 
1978; Infante and White, 1983; Grossenbacher 
and Lob, 1982). Benzene, a myelotoxic chemical, 
causes pancytopenia and eventual aplastic ane- 
mia in most animal species exposed. 

Ever since Santesson (1897) and Selling (1916) 
recorded that benzene could cause aplastic 
anemia, numerous supporting reports have been 
published (IARC, 1982). The correlation of ex- 
posure levels to specific hematologic toxicity has 
been well documented; however, it is not possi- 
ble to reliably predict effects produced a t  specific 
exposure levels. Likewise, it has not been possi- 
ble to establish with certainty the degree of ex- 
posure below which no adverse hematologic eff- 
ects in humans would occur. 

Effects in humans from benzene exposure have 
been well characterized and described in medi- 
cal, toxicology, and poisoning treatment man- 
uals and texts. Although the benzene-associated 
signs and symptoms in humans cannot be 
related exactly or with critical accuracy, the bio- 
logic events that occur in humans from in- 
creasing relatively short-term exposure to 
benzene appear to follow a pattern from effects 
on the hematopoietic system, through narcosis, 

and death. Loss of consciousness, irregular 
heartbeat, dizziness, headache, and nausea were 
observed in workers exposed to benzene at con
centrations below 20,000 ppm (Deutsche For- 
schungsgemeinschaft, 1974). Reports that 
single exposures a t  concentrations of 20,000 ppm 
were fatal within 5-10 minutes have been made 
(Flury, 1928). Continued exposure of workers to 
benzene has been associated with decreased con- 
centrations of circulating erythrocytes, leuko- 
cytes, and thrombocytes (Snyder and Kocsis, 
1975). The incidence of sister-chromatid ex
changes was not significantly increased in the 
lymphocytes of 22 workers in Italy exposed to 
benzene at 0.2-12.4 ppm (mean exposure time, 
11.4 years) in air as compared with persons 
living in the same area of similar age and 
smoking habits (Sarto, 1984). The incidence of 
chromosome-type chromosomal aberrations was 
significantly greater among exposed workers 
compared with controls. 

Although a link between benzene exposure and 
hematologic disorders was suggested 80 years 
ago, a connection with leukemia was not clearly 
established a t  that time. In early epidemiologic 
studies, workers were exposed to other chemi- 
cals in addition to benzene (Infante, 1978; IARC, 
1982; Grossenbacher and Lob, 1982). 

An association between long-term exposure to 
benzene and the occurrence of leukemia was 
suggested as early as 1928 by Delore and 
Borgomano, who described acute lymphoblastic 
leukemia in a worker exposed to benzene for 5 
years. IARC (1982) gives a chronology of pub- 
lished literature. Goldstein (1977) describes a 
number of additional case reports. Most malig- 
nancies in which an  association with exposure to 
benzene has been reported have been leukemias, 
particularly those of the myelogenous type. A 
critical issue in benzene risk assessment seems 
to center on the interpretation of the shape asso- 
ciated with the dose-response curve relating 
benzene exposure to acute myelogenous leu
kemia and variants. 

More than 100 occurrences of leukemia in hu- 
mans have been associated with benzene expo- 
sure since 1928 (Delore and Borgomano, 1928; 
Vigliani, 1976). More recent epidemiologic 
studies of small cohorts exposed to benzene have 
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demonstrated a causal association for leukemia 
(IARC, 1982; Infante et al, 1977; Rinsky et al. 
1986; Ott et al., 1978; Decoufle et al., 1983; 
Aksoy, 1985; Infante and White, 1985). Rinsky 
et al. (1986) examined the updated mortality of a 
cohort with occupational exposure to benzene 
and calculated a cumulative benzene exposure 
index (parts per million X years) for each cohort 
member. These authors found that the standard 
mortality ratio (SMR) for leukemia was 328 and 
for multiple myeloma was 398. With stratifica- 
tion of the cohort by cumulative exposure, the 
SMRs for leukemia increased from 105 in 
workers with less than 40-ppm-years' exposure 
to 314 in workers with 40- to 199-ppm-years, to 
1,757 in those with from 200- to 399-ppm-years, 
and to 4,535 in those with 400-ppm-years or 
more. Most of these studies are summarized in 
the December 1985 Federal Register notice on 
occupational exposure to benzene (Fed. Reg., 
1985) and to a lesser degree by Goldstein (1985). 

STUDY RATIONALE 

Benzene was studied for long-term effects in ro- 
dents by the NTP Carcinogenesis Program be- 
cause of its large production volume, because of 
epidemiologic evidence that exposure of humans 
to benzene is associated with an  increased inci- 
dence of leukemia, and because previous experi- 
mental studies for carcinogenicity in laboratory 
animals were considered to be inconclusive or in- 
adequate. In the studies reported in this Tech- 
nical Report, benzene was given by gavage in 
corn oil because the chemical was only slightly 
soluble in water, because benzene was con
sidered too volatile to be administered by feed, 
and to make certain that the animals would be 
exposed to a sufficient and accurately calculated 
amount of the chemical. In retrospect, the in- 
halation route may have been a more appro
priate mimic of human exposure. 
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II. MATERIALS AND METHODS 


PROCUREMENT AND 
CHARACTERIZATION OF BENZENE 

Benzene was obtained from Burdick and Jack- 
son Laboratories (Muskegon, Michigan). Lot 
numbers AB223 and AB490 were used for both 
the 17-week and 2-year studies. A comparison of 
the two lots by gas chromatography indicated 
both were similar. Thereafter, lot no. AB223 
was used as a reference to identify both lots. 

Purity and identity analyses were conducted a t  
Midwest Research Institute (Kansas City, Mis- 
souri) (Appendix H). Results of elemental analy- 
ses for carbon and hydrogen agreed with the 
theoretical values. Four impurities with a total 
area 0.2% that of the major peak were detected 
by gas chromatography in one system. Five im- 
purities with a total area less than 0.09% that of 
the major peak were detected by a second gas 
chromatographic system. The infrared, ultra- 
violet/visible, and nuclear magnetic resonance 
spectra were consistent with those in the litera- 
ture. Benzene was stored in its original con
tainer a t  room temperature. Results of periodic 
analyses of the bulk chemical by gas chroma- 
tography and infrared spectroscopy indicated 
that the chemical was stable throughout these 
studies. The benzene used in these studies was 
greater than 99.7%pure. 

PREPARATION AND 
CHARACTERIZATION OF DOSE 
MIXTURES 

A weighed amount of benzene was mixed with 
the appropriate amount of Mazolaa corn oil and 
mixed by inversion (Appendix I). 

Benzene in corn oil was found to be stable a t  
25" C for a t  least 7days (Appendix I). Dose mix- 
tures were routinely used within 2 weeks of 
preparation. All benzenelcorn oil mixtures an
alyzed were within f 10% of the target concen- 
trations (Appendixes J and K). 

SEVENTEEN-WEEK STUDIES 

Seventeen-week studies were conducted to eval- 
uate the cumulative toxicity of benzene and to 
determine the doses to be used in the 2-year 
studies. Four-week-old F344/N rats and 6-week- 

old B6C3F1 mice of each sex were obtained from 
Charles River Breeding Laboratories, observed 
for 15days, and then assigned to cages according 
to a table of random numbers. Cages were then 
assigned to vehicle control and dosed groups 
according to another table of random numbers. 

Groups of 10 rats and 10 mice of each sex were 
administered 0, 25, 50, 100, or 400 mg/kg 
benzene in corn oil by gavage, 5 days per week 
for 17 weeks. Groups of 15 rats and 15 mice of 
each sex were administered 0,200, or 600 mg/kg. 

Rats and mice were housed five per cage. Feed 
and water were freely available. Animals were 
checked twice daily; moribund animals were 
killed. Animal weights were recorded weekly. 
Further experimental details are summarized in 
Table 3. 

Five rats and five mice of each sex were killed on 
day 0. On day 60, five rats and five mice of each 
sex from the 0, 200, and 600 mg/kg groups were 
killed. The hematologic analyses performed on 
blood taken from the orbital sinuses of these 
animals are listed in Table 3. At the end of the 
120-day studies, survivors were killed and 
hematologic analyses were performed on five 
animals from each group. A necropsy was per- 
formed on all animals except those excessively 
autolyzed or cannibalized. Tissues and groups 
examined are listed in Table 3. 

TWO-YEAR STUDIES 

Study Design 

Groups of 50 male rats were administered 0, 50, 
100, or 200 mg/kg benzene in corn oil by gavage, 
5 days per week for 103 weeks. Groups of 50 fe- 
male rats and 50 mice of each sex were ad
ministered 0, 25, 50, or 100 mg/kg. Blood was 
withdrawn from 10 randomly preselected ani- 
mals from each sex and dose group (nos. 41-50) 
a t  12, 15, 18, and 21 months. Blood was also 
taken from moribund animals before they were 
killed and from all animals at the terminal kill 
a t  24 months. Additional groups of 10 animals 
of each sex and species were administered ben- 
zene for 51 weeks a t  the doses of the 2-year stud- 
ies; blood was withdrawn a t  0, 3, 6, 9, and 12 
months; these animals were killed and necrop- 
sies were performed. 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 

~ 

EXPERLMENTAL, DESIGN 


Size of Test Groups 


Doses 

Date of First  Dose 

Date of Last Dose 

Duration of Dosing 

Type and Frequency of Observation 

Necropsy and  Histologic Examination 

ANIMALS AND .ANIMAL 
MAINTENANCE 

Testing Laboratory 

Strain a n d  Species 

Animal Source 

O F  BENZENE 

Seventeen-Week Studies 

10 or 15males and 10 or 15females of 
each species 

0,25,50,100,200,400, or 600 mg/kg 
benzene in corn oil; dose vol--5 mlkg  

10/14/78 

2/10/79 

5 d/wk for 120 d; 5 d/wk for 60 d for 5 
animals from 0,200,and 600 mg/kg 
groups 

Observed 2 X d; animal weights and 
feed consumption measured 1 X wk 

The following tissues were examined 
histologically in the predosing vehicle 
control, study vehicle control, and 
interim-kill animals and the 600 mg/kg 
animals a t  terminal kill: mandibular 
lymph node, salivary glands, femur, 
thyroid gland, parathyroid, small 
intestine, colon, liver, gallbladder 
(mice), prostate/testes or ovaries/uterus, 
lungs and mainstem bronchi, mammary 
gland, heart, esophagus, stomach, brain, 
thymus, trachea, pancreas, spleen, 
kidneys, adrenal glands, urinary 
bladder, pituitary gland; in addition, 
spleens were examined in all dose 
groups; special hematology and 
histology studies performed on animals 
killed a t  d 0 and d 60 and on 5 
animalsfgroup a t  0,200, and 600 mgkg  
at terminal kill and on any animals 
killed in a moribund condition; 
coagulation times and hematology 
analyses performed: hemoglobin, 
hematocrit, white blood cell count, red 
blood cell count, mean corpuscular 
volume, and reticulocyte count 

Battelle Columbus Laboratories 

F344/N rats; B6C3F1 mice 

Charles River Breeding Laboratories 
(Portage,MI) 

Two-year  Studies 

60 males and 60 females of each 
species 

Rats--O,50,100, or 200 mg/kg
(males); 0,25,50, or 100mg/kg
(females); mice--0,25,50, or 100 
mg/kg benzene in corn oil by gavage; 
dose vol--5 ml/kg 

Rats- 12/10/79; mice--1/8/80 

Rats--11/27/81; mice--12/26/81 

5d/wk for 103 wk for 50 animals of 
each sex and specieddose group; 
5 d/wkfor 51wk for 10 animals of 
each sex and specieddose group 

Observed 2 X d; weighed 1 X wk for 
13 wk, 1 X mo thereafter 

10 animals of each sex and 
specieddose group received a hema- 
tologic exam at 12,15,18, and 21 mo; 
10 animals of each sex and species/ 
dose group received an  abbreviated 
hematologic exam a t  0,3,6,  and 
9 mo prior to complete hematologic 
exam a t  12-mo kill; all survivors a t  
104 wk received complete hema- 
tology profile. The following tissues 
were examined histologically: gross 
lesions and tissue masses, 
mandibular or mesenteric lymph 
node, salivary glands, sternebrae, 
femur, or vertebrae including 
marrow, thyroid gland, thymus, 
parathyroids, liver, small intestine, 
colon, gallbladder (mice), brain, 
prostate/testes or ovaries/uterus, 
skin, heart, esophagus, stomach, 
trachea, pancreas, spleen, kidneys, 
adrenal glands, urinary bladder, 
pituitary gland, spinal cord, eyes, 
mammary gland, lungdmainstem 
bronchi 

Battelle Columbus Laboratories 

F344/N rats; B6C3F1 mice 

Charles River Breeding 
Laboratories (Portage, MI) 
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TABLE 3. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 

ANIMALS AND ANIMAL 
MAINTENANCE 
(Continued) 

Time Held Before Test 

Age When Placed on Study 

Age When Killed 

Necropsy Dates 

Method of Animal Distribution 

Feed 

Bedding 

Water 

Cages 

Cage Filters 

Animals Per Cage 

Animal Room Environment 

Other  Chemicals on Test in Same 
Room 

CHEMISTRY 

Lot Numbers Used 

Supplier 

Date of Initial Use of Subsequent
Lots 

CHEMICALNEHICLE 

Preparation 

Maximum Storage Time 

Storage Conditions 

O F  BENZENE (Continued) 

Seventeen-Week Studies 

15d 

Rats--6 wk; m i c e 4  wk 

120-d kill: r a t s 4 5  wk; m i c e 4 7  wk; 
60-d kill: rats--15 wk; mice--17 wk 

120-d kill: rats--2/12/79-2/13/79; 
mice--2/14/79-2/15/79 

Accordingto two tables of random 
numbers 

Purina Lab Chow 5001 (pellets) (Ralston- 
Purina Co., St.Louis, MO) 

Absorb-Dri@ (Lab Products, Inc., 
Rochelle Park, NJ) 

Automatic Watering System (Edstrom 
Industries, Waterford, WI); freely 
available 

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

Spun-bonded polyester (Snow Filtration 
Co., Cincinnati, OH) 

5 

Temp-22' f 1' C; humidity--40%-65%; 
fluorescent light 12 Wd; 15room air 
changes/h 

None 

AB223 

Burdick and Jackson Laboratories 
(Muskegon, MI) 

N/A 

Mixed on a w/v basis with corn oil in a 
graduated cylinder and stirred for 5min 

14 d 

In glass containers at room temperature 

Two-year  Studies 

19 d 

Rats--7-8 wk; mice-6.5-8.5 wk 

111-112 wk 

Rats-- 12/7/8 1-1 211 1/81; 
mice- 1/4/82-1/8/82 

Assigned to cages; then to groups using 
two tables of random numbers 

NIH 07 Rat and Mouse Ration (Ziegler 
Bros, Gardners, PA); freely available 

Same as  17-wk studies 

Same as 17-wk studies 

Same as  17-wk studies 

Same as  17-wk studies 

5 

Temp--23' f 3' C; humidity--40%-60%; 
fluorescent light 12 Wd; 15room air 
changes/h 

None 

AB223IAB490 

Same as 17-wk studies 

Lots used interchangeably 

Mixed on a w/v basis with corn oil in a 
graduated cylinder and inverted 21 times 

14 d 

Same as  17-wk studies 
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Hematologic Analyses 

Hematologic analyses included packed cell vol- 
ume, red blood cell count, total and differential 
white blood cell count, hemoglobin, and mean 
corpuscular volume. Reticulocyte count and 
prothrombin time (PRT) were also determined. 

Blood for interim hematologic analyses was 
drawn from unanesthetized animals by retro- 
orbital bleeding. Blood was drawn by cardiac 
puncture from pentobarbital-anesthetizedmori
bund animals and animals at the 12- and 24- 
month terminal kills. Blood was collected in 
Microtainera tubes (Becton-Dickinson) that con
tained anticoagulants: sodium citrate for PRT 
determinations and EDTA for all other analyses. 
Samples were gently inverted on an  aliquot 
mixer to insure proper mixing and to prevent 
clotting before analysis on a Coulter Counter 
Model FN or an Ortho ELT-8 Laser Hematology 
Analyzer. Smears for differential cell counts 
were made from the EDTA blood and were 
stained on an  Ames Hema-Tek@ Slide Stainer by 
a modified Wright-Giemsa stain. Reticulocytes 
were counted after they were stained with New 
Methylene Blue N. The PRT was determined by 
a BBL FibroSystemB with Ortho Brain 
Thromboplastin@. 

Three groups of rats and mice were designated 
for hematologic assessment in the study: 

Group A-Forty animals of each species, sex, 
and dose group were bled a t  the 24-month kill. 

Group B-Ten animals of each species, sex, 
and dose group were bled orbitally at 12, 15, 
18, and 21 months and at the termination of 
the study a t  24 months. 

Group C-Ten animals of each species, sex, 
and dose group were bled orbitally a t  0 (before 
dosing), 3, 6, and 9 months and a t  the 
termination of the study at 12 months. 

Source a n d  Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female, X C3H/HeN MTV-, male) 

mice used in this study were produced under 
strict barrier conditions at the Charles River 
Breeding Laboratories (Portage, Michigan) 
under a contract to the Carcinogenesis Program. 
Breeding stock for the foundation colonies at the 
production facility originated at the National In- 
stitutes of Health Repository. Animals shipped 
for testing were progeny of defined microflora- 
associated parents that were transferred from 
isolators to barrier-maintained rooms. Animals 
were shipped to the testing laboratory at 4-5 
weeks of age. The animals were quarantined a t  
the testing facility for 2 weeks. Thereafter, a 
complete necropsy was performed on five ani- 
mals of each sex and species to assess their 
health status. The rats were placed on study at 
7-8weeks of age and the mice at 6.5-8.5 weeks of 
age. The health of the animals was monitored 
during the course of the study according to the 
protocols of the NTP Sentinel Animal Program 
(Appendix L). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro- 
duce the hybrid B6C3F1 test animal. In mid- 
1981, data were obtained that showed incom- 
patibility between the NIH C3H reference colo- 
ny and the C3H colony from a Program supplier. 
In August 1981, inbred parental lines of mice 
were further tested for genetic integrity via iso
zyme and protein electrophoresis profiles that 
demonstrate phenotype expressions of known 
genetic loci. 

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

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

Animals were housed five per cage. Feed and 
water were freely available. Details of animals 
maintenance are summarized in Table 3. 

Clinical Examinations and Pathology 

All animals were observed twice per day, and 
clinical signs were recorded once per week. Body 
weights by cage were recorded once per week for 
the first 12 weeks of the study and once per 
month thereafter. Mean body weights were cal- 
culated for each group. Moribund animals were 
killed, as were animals that survived to the end 
of the study. A necropsy was performed on all 
animals, including those found dead unless they 
were excessively autolyzed or cannibalized. 
Thus, the number of animals from which partic- 
ular organs or tissues were examined micro- 
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered for- 
malin, embedded in paraffin, sectioned, and 
stained with hematoxylin and eosin. Tissues 
examined microscopically are listed in Table 3. 

When the pathology examination was complet- 
ed, the slides, individual animal data records, 
and summary tables were sent to an  indepen- 
dent quality assurance laboratory. Individual 
animal records and tables were compared for 
accuracy, slides and tissue counts were verified, 
and histotechnique was evaluated. All tumor 
diagnoses, all target tissues, and all tissues from 
a randomly selected 10% of the animals were 
evaluated by a quality assurance pathologist. 
Slides of all target tissues and those about which 
the original and quality assurance pathologists 
disagreed were submitted to the Chairperson of 
the Pathology Working Group (PWG) for 
evaluation. Representative coded slides selected 
by the Chairperson were reviewed by PWG 
pathologists, who reached a consensus and 
compared their findings with the original and 
quality assurance diagnoses. When diagnostic 
differences were found, the PWG sent the ap- 
propriate slides and comments to the original 

pathologist for review. This procedure has been 
described, in part, by Maronpot and Boorman 
(1982) and Boorman et al. (1985). The final 
diagnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. For subsequent evaluations, the diag- 
nosed lesions for each tissue type are combined 
according to the guidelines of McConnell et al. 
(1986). 

Nonneoplastic lesions are not examined rou
tinely by the quality assurance pathologist or 
the PWG. Certain nonneoplastic findings are re- 
viewed by the quality assurance pathologist and 
the PWG if they are considered part of the toxic 
response to a chemical or if they are deemed of 
special interest. 

Statistical Methods 

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

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

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

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

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

Life Table Analyses-The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in
directly caused the death of the animal. Ac
cording to this approach, the proportions of 
tumor-bearing animals in the dosed and vehicle 
control groups were compared at each point in 
time at which a n  animal died with a tumor of 
interest. The denominators of these proportions 
were the total number of animals at risk in each 
group. These results, including the data from 
animals killed a t  the end of the study, were then 
combined by the Mantel-Haenszel method to 
obtain an  overall P value. This method of ad
justing for intercurrent mortality is the life table 
method of Cox (1972)and of Tarone (1975).The 
underlying variable considered by this analysis 
is time to death due to tumor. If the tumor is 
rapidly lethal, then time to death due to tumor 
closely approximates time to tumor onset. In 

this case, the life table test also provides a 
comparison of the time-specific tumor 
incidences. 

Incidental Tumor Analyses-The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed at necropsy in animals dy- 
ing of an  unrelated cause. According to this ap- 
proach, the proportions of tumor-bearing ani- 
mals in dosed and vehicle control groups were 
compared in each of f ive time intervals: weeks 
0-52,weeks 53-78,weeks 79-92,week 93 to the 
week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals on 
which a necropsy was actually performed during 
the time intervals. The individual time interval 
comparisons were then combined by the previ- 
ously described method to obtain a single overall 
result. (See Haseman, 1984,for the computa- 
tional details of both methods.) 

Unadjusted Analyses-Primarily, survival-
adjusted methods are used to evaluate tumor 
incidence. In addition, the results of the Fisher 
exact test for pairwise comparisons and the 
Cochran-Armitage linear trend test (Armitage, 
1971;Gart et al., 1979)are given in the appendix 
containing the analyses of primary tumor inci- 
dence. These two tests are based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control data can be helpful in the overall assess- 
ment of tumor incidence. Consequently, control 
tumor incidences from the NTP historical con- 
trol data base (Haseman et al., 1984, 1985) are 
included for those tumors appearing to show 
compound-related effects. 

Statistical Analysis of Benzene Hematology 
Data 

Initially, a procedure outlined by Dixon and 
Massey (1951)was used to screen for outliers in 
dose groups a t  each point in time. In addition, 
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data resulting from rebleeding of animals were 
excluded from statistical analyses. 

Since the same animals were examined across 
time, a repeated measures analysis of variance 
(Winer, 1971) was considered to be an  appro- 
priate method to investigate temporal and dose- 
related variation. This analysis results in a 
table of the following form which is useful in 
assessing the significance of systematic sources 
of variation in the data: 

Source DF MS F Prob > F  

In this table, values of F statistics for dose, time, 
and dose by time interaction reflect the degree of 
systematic variation in these sources relative to 
the random variability exhibited by the data. 
Because of the repeated-measurement nature of 
the experiment, there are two sources of random 
variability. The first, animal (dose), reflects the 
random variation among animals in dose groups 
estimated across time. By dividing the mean 
square (MS) for dose by the MS associated with 
animal (dose), the value of an F statistic is 
computed. Time- and dose X time-interaction F 
statistics are computed using the “Error” MS as  
the denominator. “DF” in the table refers to the 
degrees of freedom associated with each source 
of variation. 

The significance levels (P values) associated 
with dose, time, and dose X time are listed in 
the column “Prob >F.” Small values (P<0.05) 
can be interpreted as follows: 

Dose: Variation in measurements is related to 
differences in dose. 

Time: Measurements vary systematically with 
time. 

Dose X Time: Dose effects differ a t  various 
points in time. 

Because different animals were used in the three 
time periods (months 0-12,months 12-24,month 
24) and because of differences in methods of 
bleeding and in instrumentation, six separate 
analyses of variance were performed for each 
hematologic parameter. Analyses of variance 
were performed for the following subgroups: 
months 0-3 (Coulter Counter), months 6-9(or
bital bleeding), group B at  month 12 (bleeding 
by cardiac puncture, animals off dose for 3 days), 
group C from months 12 to 21 (orbital bleeding), 
group C a t  month 24 (bleeding 1 week after 
cessation of dosing), and group A a t  month 24 
(bleeding 1 week after cessation of dosing). For 
groups A (month 24)and B at  months 12 and 24, 
these were simple one-way analyses of variance. 

The analyses of variance were performed pri- 
marily to assess the significance of compound ef- 
fects and systematic temporal variability. In 
addition, the analyses of variance provided error 
variance estimates for Dunnett’s multiple com- 
parison procedure (1955, 1964). This technique 
was employed to contrast vehicle control and 
dosed group means at  each hematologic-mea- 
surement time using the error mean square as a 
pooled estimate of variance. In the application 
of the procedure, comparisons were two-sided 
and significance was assessed a t  both P=0.01 
and P =  0.05. The results of Dunnett’s procedure 
are reported with descriptive statistics (mean, 
standard error, sample size) for dose groups at  
time of hematologic examination. Means and 
standard errors are also plotted against time 
with dashed vertical lines representing the six 
time periods corresponding to the analyses of 
variance. 
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III. RESULTS: RATS 

SEVENTEEN-WEEK STUDIES 

No compound-related deaths occurred. Final 
mean body weights (relative to those of the 
vehicle controls) were depressed 14%-22% for 
male and female rats that received 200, 400, or 
600 mg/kg benzene (Table 4). 

A dose-related leukopenia was observed for both 
male and female rats (Appendix M, Table M l ) .  
Lymphoid depletion in the B-cell of the spleen 
was observed in 315 male and 415 female rats 
that received 200 mg/kg benzene and 515 male 
and 5/5 female rats that received 600 mg/kg 
benzene for 60 days and in loll0 male and 10/10 
female rats that received 600 mg/kg for 120 
days. Increased extramedullary hematopoiesis 
was observed in the spleen of 4/5 male and 315 
female rats that received 600 mg/kg for 120 
days. 

Based on these composite observations, doses 
selected for rats for the 2-year studies were 50, 

100, or 200 mg/kg benzene in corn oil for males 
and 25,50, or 100 mg/kg for females. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Dose-related weight gain reduction, with earlier 
and more pronounced differences, occurred a t  
higher doses (Table 5 and Figure 2). After week 
22, mean body weights of dosed male rats were 
lower than those of the vehicle controls; the 200 
mg/kg group had body weights that were 11% 
lower than vehicle controls a t  week 25 and that 
continued to be lower until the difference was 
23% a t  week 103. The low dose group was com- 
parable to vehicle controls throughout the study; 
the mid dose group showed about a 7%-9%lower 
body weight after 1year. After week 62, mean 
body weights of high dose female rats were lower 
than those of the vehicle controls. Only the 100 
mg/kg group showed reductions greater than 5% 
and yet the maximum difference (-9.5%) oc
curred at  week 103. 

TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SEVENTEEN-WEEK GAVAGE 
STUDIES OF BENZENE 

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

(mgflrg) (percent) 

MALE 

0 10/10 137 f 6 366 f5 +229 f 6 _ _  

25 10/10 113 f 2 352 k 6 +239 f6 96 

50 10/10 127 & 6 357 f 4 +230 f 6 98 

100 10/10 124 f 5 340 f 6 +216 f 8 93 

200 10/10 126 f 6 314 f 8 +188 f 7 86 

400 10/10 110 f 2 294 f 7 +184f 8 80 

600 (d)9/10 117 f4 285 f 5 +166 f 4 78 


FEMALE 

0 10/10 88 f 2 199 f 4 +111 f 3 _ _  

25 10/10 82 f 3 187 f 3 +lo5 f 3 94 

50 10/10 75 f 3 182 f 4 +lo7 f 2 91 

100 10/10 101 f 2 187 f 2 + 86f3 94 

200 10/10 80 f 3 168 k 4 + 88f4 84 

400 10/10 87 f4 170 f 5 + 83f6 85 

600 10/10 78 f 3 159 f 2 + 81f3 80 


(a)Number surviving/number in group 

(b)Initial group mean body weight. Subsequent calculations are based on those animals surviving to the end of the study. 

(c)Mean weight change of the survivors f standard error of the mean 
(d)Cause of death not known 
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TABLE 5. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
BENZENE 

Veh Control Low Dose Mid DOSB High Dose 
Week# 
on Study 

Av Wt 
(grams) 

No. of 
Survivors 

Av Wt Wt (percent 
(grams) of veh cont) 

No. of 
Survivors 

Av Wt 
(gramsl 

W t  (percent 
of veh cont) 

No. of 
Survivors 

Av Wt 
(grams) 

Wt (percent 
of veh cont) 

No. of 
Survivors 

MALE 

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

10 
11 
12 
17 
22 
26 
30 
35 
39 
43 
48 
52 
57 
62 
66 
71 
75 
79 
83 
87 
92 
96 

100 
103 

FEMALE 

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

10 
11 
12 
17 
22 
26 
30 
35 
39 
43 

48 
52 
57 
62 
66 
71 
75 
79 
63 
87 
92 
96 

100 
103 

Vehlcle Control J0 mgkg 100 mg/kg 

151 60 154 102 60 154 102 
187 60 187 100 59 186 99 
213 60 212 100 59 211 99 
236 60 236 100 59 233 99 
253 60 254 100 59 253 100 
263 60 268 100 59 269 100 
285 60 284 100 59 285 100 
296 60 281 97 59 296 100 
303 60 300 99 59 305 101 
311 60 307 99 59 311 100 
320 60 315 98 59 318 99 
326 60 321 98 59 326 100 
336 59 337 100 59 333 99 
366 59 358 98 59 357 98 
391 59 383 98 59 379 97 
405 58 393 97 59 385 95 
409 57 400 98 59 396 97 
436 55 417 96 58 408 94 
445 54 424 95 58 415 93 
447 53 418 94 58 423 95 
464 53 434 94 57 424 91 
461 43 436 95 47 427 93 
465 43 444 95 46 436 94 
474 41 442 93 45 432 91 
481 41 449 93 44 436 91 
484 40 457 94 43 443 92 
490 39 465 95 42 446 91 
478 39 461 96 42 445 93 
494 37 470 95 40 450 91 
487 36 464 95 40 444 91 
489 35 467 96 38 442 90 
478 35 463 97 37 439 92 
477 34 453 95 34 432 91 
467 32 454 97 29 427 91 

Vehicle Control aJ 50 mgkg 

113 60 112 99 60 113 100 

132 60 130 98 60 130 98 

140 60 139 99 60 140 100 

150 60 148 99 60 148 99 

157 60 155 99 60 156 99 

165 60 184 99 60 163 99 

169 60 168 99 60 168 99 

174 60 173 99 60 174 100 

176 60 176 100 60 176 100 

179 60 178 99 60 180 101 

180 60 180 100 60 181 101 

182 60 183 101 60 185 102 

183 60 184 101 60 184 101 

194 60 193 99 60 196 101 

200 60 199 100 60 199 100 

208 60 208 100 60 206 99 

211 60 212 100 60 209 99 

222 59 219 99 60 222 100 

225 59 222 99 60 225 100 

228 59 225 99 59 226 99 

233 59 230 99 59 230 99 

238 49 231 97 49 232 97 

243 49 243 100 49 243 100 

258 49 250 97 49 251 97 

260 49 253 97 49 252 97 

263 49 258 98 48 260 99 

273 49 264 97 48 264 97 

281 49 272 97 47 269 96 

294 49 284 97 44 280 95 

295 49 284 96 44 282 96 

300 49 290 97 42 287 96 

298 48 292 99 41 281 97 

302 47 298 99 40 289 96 

304 46 301 99 38 288 95 


60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
49 
49 
48 
48 
46 
42 
41 
38 
35 
31 
28 
26 
25 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
59 
48 
48 
48 
47 
45 
43 
42 
41 
41 
40 
39 
38 
35 

155 
185 
209 
232 
248 
266 
278 
287 
298 
302 
307 
312 
323 
339 
359 
360 
365 
378 
377 
387 
385 
381 
395 
387 
394 
405 
402 
398 
397 
389 
388 
388 
375 
360 

115 
133 
141 
149 
158 
164 
169 
173 
175 
178 
183 
184 
185 
196 
200 
204 
209 
218 
216 
222 
225 
226 
236 
240 
243 
252 
256 
259 
271 
269 
274 
273 
271 
275 

200 mg/kg 

103 
99 
98 
98 
98 
99 
98 
97 
98 
97 
96 
96 
96 
93 
92 
89 
89 
87 
85 
87 
83 
83 
85 
62 
82 
84 
82 
83 
80 
80 
79 
81 
79 
77 

100 m g k g  

102 
101 
101 
99 

101 
99 

100 
99 
99 
99 

102 
101 
101 
101 
100 
98 
99 
98 
96 
97 
97 
95 
97 
93 
93 
96 
94 
92 
92 
91 
91  
92 
90 
90 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
59 
59 
49 
49 
49 
48 
46 
47 
46 
45 
37 
30 
23 
18 
16 

60 
60 
60 
59 
58 
58 
58 
56 
58 
58 
57 
57 
57 
57 
57 
57 
57 
56 
56 
56 
56 
47 
46 
45 
44 
43 
41 
41 
39 
39 
38 
36 
30 
26 

(a) Mean body weights 2 days after first dose 
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III. RESULTS: RATS 
- ~  ~~ ~ 

Other than modest decreases in body weights in 
each group compared with vehicle controls (ex- 
cept for the 200 mgikg male rats), no extra- 
ordinary clinical signs were recorded. Nonspeci- 
fic observations included a varying degree of 
ocular discharge. This common syndrome in 
F344 rats was first observed at  4-5 months in 
both sexes and across groups. A serous dis- 
charge varying from clear to red-tinged or yel
low and from scant to heavy occurred in about 
10% of all rats; this may have been associated 
with blood sampling techniques. Near the end of 
the studies, a paleness of mucosa was recorded 
for rats in a moribund state before death. 

Survival 

Estimates of the probabilities of the survival of 
male and female rats administered benzene at  
the doses used in these studies and those of the 
vehicle controls are shown in the Kaplan and 
Meier curves in Figure 3. The survival of the 
high dose group of male rats was significantly 
lower than that of the vehicle control group after 
week 95 (Table 6). In females, the survival of 
both the mid dose after week 101 and high dose 
groups after week 96 was significantly lower 
than that of the vehicle control group; this latter 

group had exceptionally good survival (92%) 
compared with the historical rate of 74% f 7% 
(SD)(Haseman et al.,1985). 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidence of rats with neo- 
plastic or nonneoplastic lesions in the Zymbal 
gland, palate, lip, tongue, skin, uterus, uterus/ 
endometrium, spleen, thymus, cardiac stomach, 
adrenal gland, thyroid gland, and pituitary 
gland. Histopathologic findings on neoplasms in 
rats are summarized in Appendix A (Tables A l  
and A2); Appendix A (Tables A3 and A4) also 
gives the survival and tumor status for individ
ual male and female rats. Findings on nonneo- 
plastic lesions are summarized in Appendix C 
(Tables Cl and C2). Appendix E (Tables El and 
E2) contains the statistical analyses of those pri- 
mary tumors that occurred with an incidence of 
at least 5% in one of the four groups. The statis- 
tical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot
notes). Historical incidences of tumors in corn 
oil vehicle control animals are listed in Appen- 
dix F. 

TABLE B. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF BENZENE 
-~~~~ 

Vehicle Control 

MALE (a) 

Animals initially in study 50 
Nonaccidental deaths before termination (b) 12 
Accidentally killed (c) 

Killed a t  termination 

Died during termination period 

Survival P values (d) 


FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 

Accidentally killed (c) 

Killed a t  termination 

Died during termination period 

Survival P values (d) 


(a)Terminal kill period: week 104 

6 
32 
0 
0.001 

Vehicle Control 

(b)Includes animals killed in a moribund condition 
(c)Cause of death not known 

50 

4 
0 

46 
0 
0.001 

50mg/kg 

~ 

100mg/kg 200 mg/kg 

50 50 50 
18 19 30 
3 6 4 
29 24 16 
0 1 0 
0.431 0.253 0.003 

25 m a s  50 mg/kg 100 mg/kg 

50 50 50 
10 14 20 
2 2 5 

38 33 25 
0 1 0 
0.125 0.014 <0.001 

(d)The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise 
comparisons with the vehicle controls are in the dosed columns. 
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Zymbal Gland Hyperplasia or squamous meta- 
plasia of the Zymbal gland was increased in low 
dose males and in mid dose and high dose fe- 
males (Table 7). The incidences of ductal dilata- 
tion in males (vehicle control, 8/32;low dose, 
35/46;mid dose, 20142;high dose, 28/42)and in 
females 05/45; 22/40; 28/44; 23/46) were in
creased as were those of cystic ducts (male: vehi- 
cle control, 1/32;low dose, 7/46;mid dose, 6/42; 
high dose, 0142;female: 1/45; 2/40; 8/44; 3/46). 
Carcinomas in males and females occurred with 
significant positive trends, and the incidences in 
the mid dose and high dose males and dosed fe- 
males were significantly greater than those in 
the vehicle controls. 

III. RESULTS: RATS 

Grossly, these lesions appeared on the side of the 
head adjacent to or involving the ear and were 
up to 6cm in diameter. The interior of the tumor 
was soft, yellow to white, and occasionally 
gritty. Microscopically, the tumors contained 
various amounts of epithelial and sebaceous ele
ments and were classified as adenomas or car
cinomas. Rarely, Zymbal gland neoplasms con- 
tained significant spindle-cell components; these 
were classified as carcinosarcomas, and one was 
found in a 50 mg/kg female rat. Although they 
vary histologically, these tumors are considered 
to be part of the spectrum of Zymbal gland 
tumors. 

TABLE 7. ANALYSIS O F  ZYMBAL GLAND LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF BENZENE (a) 

MALE 

Hyperplasia
Overall Rates 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

Adenoma o r  Carcinoma (c) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

FEMALE 

Hy erplasia
&era11 Rates 

Adenoma 
Overall Rates 

Carcinoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

Adenoma or Carcinoma (d)
Overall Rates 

Vehicle Control 

(b)0132 (0%) 

0132 (0%) 

2/32 (6%) 

7.2% 

1/22 (5%) 

P <0.001 

P=0.003 

2/32 (6%) 

7.2% 

1/22(5%)

P co.001 

P=0.002 


Vehicle Control 

0145 (0%) 

0145 (0%) 

0145 (0%)

0.0% 

0141 (0%)

PCO.001 

P c0.001 


0145 (0%)

0.0%

0141 (0%)
P<O.OOl
PCO.001 

50 mgflts 100 mg/kg 200 mg/kg 

6/46 (13%) 2/42 (3%) 3/42 (7%) 

1/46 (2%) 0/42 (0%) 1/42 (2%) 

6/46 (13%) 
15.4% 

10142 (24%) 
28.8% 

17/42 (40%) 
55.6% 

2/28 (7%) 
P =  0.1 93 

2/21 (10%) 
P=0.017 

5/15 (33%) 
P <o.oo 1 

P=0.352 P =0.214 P =0.024 

7/46 (15%)
18.7% 

10142 (24%) 
28.8% 

18/42 (43%) 
57.0% 

3/28(11%)
P=0.131 
P=0.247 

2/21 (10%) 
P=0.017 
P=0.214 

5/15 (33%) 
P <0.001 
P=0.019 

25 mgflrg 50 mgflcg 100 mg/kg 

0140 (0%) 6/44 (14%) (b) 1/46(2%) 

0140 (0%) 1/44 (2%) 1/46 (2%) 

5/40 (10%)
13.3% 

5/44 (1 1%) 
14.4% 

14/46(30%)
42.0% 

3/33 (9%) 
P=0.022 

3/29 (10%)
P=0.018 

8/25 (32%) 
PCO.001 

P=0.036 P=0.067 P<O.OOl 

5/40 (13%) 
13.3% 
3/33 (9% 
P=0.036 
P=O.O2d 

(e) 6/44 (14%) 
16.2%
4/29 (14%) 
P=0.010
P=0.021 

15/46 (33%) 
45.4%
9/25 (36%)
PCO.001
PCO.001 

(a)The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).
(b)One vehicle control male rat  and two high dose female rats had squamous metaplasia. 
(c)Historical incidence at laboratory (mean): 01100; historical incidence in NTP studies: 4/1,146 (0.3%) 
(d)Historical incidence at laboratory (mean): M O O  (1%); historical incidence in NTP studies: 511,147 (0.4%) 
(e)A carcinosarcoma was observed in a seventh mid dose female rat, and a squamous cell papilloma of the ear was observed in 
an  eighth mid dose female rat. 
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III. RESULTS: RATS 

Palate, Lip, and Tongue: The numbers of rats These lesions were well differentiated and con- 
with squamous cell neoplasms of the palate, lip, tained primarily squamous cells and were classi- 
or tongue are given in Table 8. Squamous cell fied as either squamous cell papillomas or squa- 
papillomas, squamous cell carcinomas, and mous cell carcinomas depending on whether 
squamous cell papillomas or carcinomas (com- invasion of adjacent structures had occurred. 
bined) of the palate, lip, or tongue (separately 
and combined in males and combined in females) Lesions of the lip had a similar microscopic ap- 
occurred with significant positive trends (Ta- pearance to those neoplasms of the skin and 
ble 9). others a t  the mucocutaneous junction. Although 

separated topographically, these can be com-
Neoplasms of the tongue appeared grossly as bined with skin tumors for biologic interpreta- 
raised papillary masses on the dorsal surface. tion. 

TABLE 8. NUMBER OF RATS WITH SQUAMOUS CELL NEOPLASMS OF THE PALATE, LIP, AND 
TONGUE IN THE TWO-YEAR GAVAGE STUDIES OF BENZENE (a) 

Male Female 
Site 0 SOmg/kg 100mgkg 200mgkg 0 25mgfltg 50mg/kg 100mg/kg 

No. of Rats 
Examined 50 50 50 50 50 50 50 50 

Palate 
Papilloma
Carcinoma 

0 
0 

4 
0 

4 
1 

9 
0 

1 
0 

3 
1 

5 
0 

3 
1 

Papilloma or 
carcinoma 0 4 5 9 1 4 5 4 

Tongue
Papilloma 
Carcinoma 

1 
0 

2 
4 

0 
0 

1 
0 

1 
4 

0 
4 

Papilloma or 
carcinoma 1 6 0 1 5 4 

Papilloma
Carcinoma 

Lip 
0 
0 

5 
0 

5 
3 

0 
0 

0 
0 

2 
0 

2 
0 

Papilloma or 
carcinoma 0 5 8 0 0 2 2 

Papilloma 
Carcinoma 

Palate, Tongue, or Lip 
1 
0 

6 
3 

11 
5 

13 
7 

1 
0 

4 
1 

8 
4 

5 
5 

Papilloma or 
carcinoma 1 9 16 19 1 5 12 9 

(a)Results of statistical analyses are shown in Table 9. 
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TABLE 9. ANALYSIS OF PALATE, LIP, AND TONGUE TUMORS IN RATS IN THE TWO-YEAR GAVAGE 
STUDIES OF BENZENE 

MALE Vehicle Control 50 mg/kg 100 mg/kg 200 mg/kg 

Palate: Squamous  Cell Papilloma 

Adjusted Rates 0.0% 
Overall Rates 0150 (0%) 

Terminal Rates 0132 (0%)
Life Table Tests Pc0.001 

4/50 (8%)
11.4% 
2/29 (7%) 
P =0.064 

4/50 (8%)
11.7% 
1/25 (4%) 
P=0.057 

9/50 (18%)
37.8% 
4/16 (25%) 
P<O.OOl 

Incidental Tumor Tests P=0.005 P=0.098 P =0.142 P =0.006 

Overall Rates 0150 (0%)
Palate: Squamous Cell Carcinoma 

0/50 (0%) 1/50(2%) 0150 (0%) 

Overall Rates 0150 (0%)
Adjusted Rates 0.0% 
Terminal Rates 0/32 (0%)
Life Table Tests P c0.001 

Palate: Squamous Cell Papilloma or Carcinoma 
4/50 (8%)
11.4% 
2/29 (7%) 
P=0.064 

5/50 (10%)
13.6% 
1/25 (4%) 
P =0.034 

9/50 (18%) 
37.8% 
4/16 (25%)
P <0.001 

Incidental Tumor Tests P =0.005 P=0.098 P =0.097 P=0.006 

Lip: Squamous Cell Papilloma 
Overall Rates 0150 (0%)
Adjusted Rates 0.0% 
Terminal Rates 0132 (0%)
Life Table Tests P =0.001 

2/50 (4%) 
6.9% 
2/29 (7%) 
P=0.216 

5/50 (10%)
20.0% 
5/25 (20%) 
P=0.015 

5/50 (10%)
23.9% 
3/16 (19%) 
P=0.008 

Incidental Tumor Tests P =0.004 P =0.216 P=0.015 P =0.027 

Overall Rates 0/50 (0%)
Adjusted Rates 0.0% 
Terminal Rates 0132 (0%)
Life Table Tests P=O.O02 
Incidental Tumor Tests P =0.008 

Lip: Squamous Cell Carcinoma 
0/50 (0%)
0.0% 
0129 (0%)
(a)
(a) 

0150 (0%)
0.0% 
0/25(0%)
(a)
(a) 

3/50 (6%) 
17.4% 
2/16 (13%) 
P =0.035 
P =0.091 

Overall Rates 0/50 (0%)
Adjusted Rates 0.0% 
Terminal Rates 0132 (0%)
Life Table Tests P <0.001 

Lip: Squamous Cell Papilloma or Carcinoma 
2/50 (4%) 
6.9% 
2/29 (7%) 
P=0.216 

5/50 (10%)
20.0% 
5/25 (20%) 
P =0.015 

8/50(16%)
39.2% 
5/16 (31%) 
Pc0.001 

Incidental Tumor Tests P<O.OOl P =0.2 16 P=0.015 P =0.002 

Tongue: S uamous Cell Papilloma 
Overa l lL te s  1/50 (2%) 0150 (0%) 2/50 (4%) 2/50 (4%) 

Tongue: S uamous Cell Carcinoma 
Overallqlates 0/50 (0%)
Adiusted Rates 0.0% 

3/50 (6%)
7.4% 

4/50 (8%)
12.8% 

4/50 (8%)
17.2% 

Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

0132 (0%)
P =0.039 
P=O.O49 

0/29 (0%)
P=0.133 
P=0.133 

2/25 (8%)
P =  0.051 
P =0.099 

2/16 (13%) 
P=0.028 
P=0.012 

Tongue: S uamous Cell Papilloma or Carcinoma 
Overallliates 1/50(2%)
Adjusted Rates 2.3% 
Terminal Rates 0/32 (0%)
Life Table Tests P=0.013 

3/50 (6%) 
7.4% 
0/29 (0%)
P =0.328 

6/50 (12%) 
20.4% 
4/25 (16%) 
P =0.044 

6/50 (12%) 
24.7% 
3/16 (19%) 
P =0.028 

Incidental Tumor Tests Pr0.012 P =0.355 P=O.O91 P =0.009 

Oral Cavity: Squamous  Cell Papilloma 
Overall Rates 1/50 (2%) 
Adjusted Rates 2.3% 
Terminal Rates 0/32 (0%)
Life Table Tests PCO.001 
Incidental Tumor Tests P<O.OOl 

6/50(12%)
18.0% 
4/29 (14%) 
P=0.058 
P =  0.083 

11/50 (22%) 
37.4% 
8/25 (32%) 
P =0.001 
P=0.004 

13/50 (26%) 
47.7% 
5/16 (31%) 
P<O.OOl 
P =0.002 

Oral Cavit * Squamous  Cell Carcinoma 
Overall L t e s  0150 (0%) 

Terminal Rates 0132 (0%)
Life Table Tests P=O.OOl 
Incidental Tumor Testa P =0.002 

Adjusted Rates 0.0% 
3/50 (6%) 
7.4% 
o n 9  (0%)
P=0.133 
P=0.133 

5/50 (10%)
14.7% 
2/25 (8%)
P =0.030 
P=0.071 

7/50 (14%) 
33.0% 
4/16 (25%) 
P=O.OOl 
P=O.OOl 
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TABLE 9. ANALYSIS OF PALATE, LIP, AND TONGUE TUMORS IN RATS IN THE TWO-YEAR GAVAGE 
STUDIES OF BENZENE (Continued) 

MALE (Continued) Vehicle Control 30 mg/kg 100 mgkg 200 mg/kg 

Oral Cavit Squamous Cell Papilloma or Carcinoma (b)
Overall ga tes  1/50 (2%) 9/50 (18%) 16/50 (32%) 19/50 (38%) 

Adjusted Rates 2.3% 24.1% 48.8% 68.6% 

Terminal Rates 0132 (0%) 4/29 (14%) 10/25 (40%) 9/16 (56%) 

Life Table Tests P <0.001 P =0.012 Pc0.001 P<O.OOl 
Incidental Tumor Tests P<O.OOl P=0.014 P <0.001 P<O.OOl 

FEMALE Vehicle Control 25m g k s  50 mg/kg 100mg/kg 

Palate: Squamous Cell Papilloma 
Overall Rates 1/50(2%) 3/50 (6%) 5/50 (10%) 3/50 (6%) 

Adjusted Rates 2.2% 7.9% 13.9% 8.6% 

Terminal Rates 1/46 (2%) 3/38 (8%) 4/34(12%) 1/25 (4%) 

Life Table Tests P=0.103 P=0.240 P=0.053 P =0.183 

Incidental Tumor Tests P=0.183 P =0.240 P=O.101 P=0.620 


Palate: Squamous Cell Carcinoma 
Overall Rates 0150 (0%) 1/50 (2%) 0150 (0%) 1150 (2%) 

Palate: Squamous Cell Papilloma or Carcinoma 
Overall Rates 1/50 (2%) 4/50 (8%) 5/50 (10%) 4/50 (8%)
Adjusted Rates 2.2% 10.2% 13.9% 11.4% 

Terminal Rates 1/46 (2%) 3/38 (8%) 4/34 (12%) 1/25 (4%) 

Life Table Tests P=0.060 P=0.131 P =0.053 P=0.088 

IncidentalTumor Tests P=0.219 P =0.153 P=O.101 P =0.509 


Lip: Squamous Cell Papilloma 
Overall Rates 0150 (0%) 0150 (0%) 2/50 (4%) 2/50 (4%) 

Tongue: Squamous Cell Papilloma 
Overall Rates 0150 (0%) 1/50 (2%) 1/50 (2%) 0150 (0%) 

Tongue: Squamous Cell Carcinoma 
Overall Rates 0150 (0%) 0150 (0%) 4/50 (8%) 4/50 (8%)

Adjusted Rates 0.0% 0.0% 9.6% 12.7% 

Terminal Rates 0146 (0%) 0138 (0%) 0134 (0%) 1/25 (4%) 

Life Table Tests P =0.004 (b) P=0.047 P=0.024 

Incidental Tumor Tests P=0.167 (b) P=0.240 P =0.233 


Tongue: S uamous Cell Papilloma or Carcinoma 
Overa l lLtes  0150 (0%) 1/50 (2%) 5/50 (10%) 4/50 (8%)

Adjusted Rates 0.0% 2.6% 11.6% 12.7% 

Terminal Rates 0146 (0%) 1/38 (3%) 0134 (0%) 1/25 (4%) 

Life Table Tests P=0.010 P=0.462 P=0.025 P =0.024 

Incidental Tumor Tests P =0.274 P =0.462 P=0.240 P=0.233 


Oral Cavit Squamous Cell Papilloma 
Overall ga tes  (a) 1/50 (2%) 4/50 (8%) 8/50 (16%) 5/50 (10%) 

Oral Cavit Squamous Cell Carcinoma 
Overall Rates 0/50 (0%) 1/50 (2%) 4/50 (8%) 5/50 (10%) 

Oral Cavit Squamous Cell Papilloma or Carcinoma (c)
Overall ga tes  1/50 (2%) 5/50 (10%) 12/50 (24%) 9/50 (18%)
Adjusted Rates 2.2% 12.8% 28.9% 27.7% 
Terminal Rates 1/46 (2%) 4/38 (11%) 6/34(18%) 4/25 (16%) 

Life Table Tests P 0.00 1 P =0.068 PCO.001 P =  0.001 

Incidental Tumor Tests P=O.O39 P =0.081 P =0.007 P =0.029 


(a)No P values are reported because no tumors were observed in the vehicle control and 50 mg/kg or 100 mgkg  groups. 
(b)Historical incidence of oral cavity tumors (palate, tongue, or oral cavity) a t  laboratory (mean): 0/100; historical incidence in 

NTP studies: 211,146 (0.2%) 

(c)Historical incidence of oral cavity tumors (palate, tongue, or oral cavity) at laboratory (mean): 1/100 (1%); historical 

incidence in NTP studies: 3/1,147 (0.3%) 
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Skin: Squamous cell papillomas, squamous cell 
carcinomas, and squamous cell papillomas or 
carcinomas (combined) in male rats occurred 
with significant positive trends, and the inci- 
dences in the high dose group were significantly 
greater than those in the vehicle controls (Ta- 
ble 10). 

Neoplasms of the skin were found on the face, 
back, flank, and other locations. The lesions 
varied from 1-3cm in diameter and were raised, 
ulcerated, and crusty, often with a yellow, fri- 
able center. Microscopically, the lesions varied 

III. RESULTS: RATS 

from squamous cell papillomas and squamous 
cell carcinomas to neoplasms containing various 
amounts of adnexal structures. If sebaceous, 
basal, and squamous elements were found, these 
lesions were classified as adenosquamous 
adenomas and carcinomas. A few tumors formed 
primarily hair follicles (classified as 
trichoepitheliomas), sebaceous elements (classi- 
fied as sebaceous adenomas), or crater-like 
epithelial tumors (classified as keratoacantho- 
mas). These tumors represent a spectrum 
arising from the skin and adnexal tissues and 
can be combined. 

TABLE 10. ANALYSIS OF SKIN TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE 

Vehicle Control 50 m m 3  100mg/kg 200 mg/kg 

Squamous Cell Papilloma 
Overall Rates 0150 (0%) 2/50 (4%) 1/50 (2%) 5/50 (10%)
Adjusted Rates 0.0% 6.9% 4.0% 27.1% 
Terminal Rates 0132 (0%) 2/29 (7%) 1/25 (4%) 4/16 (25%) 
Life Table Tests P =0.001 P=0.216 P=0.451 P=0.005 
Incidental Tumor Tests P =0.002 P=0.216 P=0.451 P =0.009 

Squamous Cell Carcinoma 
Overall Rates 0150 (0%) 5/50 (10%) 3/50 (6%) 8/50 (16%) 
Adjusted Rates 0.0% 15.3% 9.8% 30.3% 
Terminal Rates 0/32 (0%) 3/29 (10%) 0125 (0%) 2/16 (13%) 
Life Table Tests P<0.001 P =  0.032 P =0.098 P =0.001 
Incidental Tumor Tests P=O.O69 P=0.064 P=0.278 P=0.039 

All Squamous Cell Tumors 
Overall Rates 1/50 (2%) 7/50 (14%) 5/50 (10%) 11/50 (22%) 
Adjusted Rates 2.7% 21.8% 17.0% 45.2% 
Terminal Rates 0/32 (0%) 5/29 (17%) 2/25 (8%) 5/16 (31%) 
Life Table Tests P<O.OOl  P=0.031 P=0.076 PC0.001 
Incidental Tumor Tests P=0.017 P=0.055 P=0.221 P =0.012 

Squamous Cell Tumors or Undifferentiated Carcinoma (a) 
Overall Rates 1/50 (2%) 7/50 (14%) 5/50 (10%) 12/50 (24%) 
Adjusted Rates 2.7% 21.8% 17.0% 47.7% 
Terminal Rates 0132 (0%) 5/29 (17%) 2/25 (8%) 5/16 (31%) 
Life Table Tests P<O.OOl P=0.031 P=0.076 P <  0.001 
IncidentalTumor Tests P=O.OlO P =0.055 P =0.221 P=O.O09 

(a)Historical incidence a t  laboratory (mean f SD): M O O  (1%); historical incidence in NTP studies: 2111,146 (2% f 3%) 
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III. RESULTS: RATS 

Uterus: Incidences of epithelial hyperplasia in 
dosed and vehicle control female rats were com- 
parable (Table 11). Endometrial stromal polyps 
occurred with a significant positive trend in fe- 
male rats, and the incidence in the high dose 
group was significantly greater than that in the 
vehicle controls. 

UteruslEndometrium: Endometrial carcinomas 
were found in two low dose rats, adenomas were 
found in one low dose rat, and adenocarcinomas 
were found in two mid dose and two high dose 
rats; one adenosquamous carcinoma of the 
cervix was found in a mid dose rat. 

Spleen: Lymphoid depletion in the spleen was 
observed at increased incidences in dosed male 
and female rats (male: vehicle control, 0149; low 
dose, 19/48,40%; mid dose, 8/47,17%; high dose, 
23/47, 49%; female: vehicle control, 01/50;low 
dose, 11/50,22%; mid dose, 8149,16%;high dose, 
10149,20%). 

Thymus: Lymphoid depletion was observed a t  
increased incidence in dosed male rats (vehicle 
control, 0144; low dose, 4/42,10%; mid dose, 8/41, 
20%; high dose, 10134,29%). 

Cardiac (nonglandular) Stomach: Hyperkera
tosis and acanthosis in the nonglandular fore- 
stomach were observed at increased incidences 
in high dose male rats (hyperkeratosis: vehicle 
control, 2/48, 4%; low dose, 4/44, 9%; mid dose, 
3/48,6%; high dose, 9/47, 19%; acanthosis: vehi- 
cle control, 2/48, 4%; low dose, 4/44, 9%; mid 
dose, 3/48,6%; high dose, 10147,218). 

Adrenal Gland-Zona Fasciculata: Hyperplasia 
was observed at increased incidences in low dose 
rats of each sex (male: vehicle control, 0150; low 
dose, 13/49,27%; mid dose, 0148;high dose, 2/49, 
4%; female: vehicle control, 0150, low dose, 17/50, 
34%; mid dose, 0147; high dose, 0149). 

TABLE 11. ANALYSIS OF UTERINE LESIONS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 

OF BENZENE 


Vehicle Control 

Hyperplasia (Focal, Diffuse, Papillary, or Cystic) 
Overall Rates 33/50 (66%) 

Endometrial Stromal Polyp (a)
Overall Rates 7/50 (14%)
Adjusted Rates 14.8% 
Terminal Rates 6/46 (13%) 
Life Table Tests P=0.001 
Incidental Tumor Tests P=0.049 

~ 

25 m f l g  50 mg/kg 100 m g k g  

35/50 (70%) 34/49 (69%) 35/50 (70%) 

7/50 (14%) 
17.4% 

7/49 (14%) 
17.6% 

14/50 (28%) 
44.5% 

5/38 (13%)
P=0.468 

4/34(12%)
P=0.420 

9/25 (36%) 
P=0.003 

P=0.545 P=0.598N P=0.049 

(a)Historical incidence at laboratory (mean f SD): 22/98 (22%); historical incidence in NTP studies: 248/1,125 (22% k 7%) 
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Thyroid Gland C-cell adenomas or carcinomas 
(combined) in male rats occurred with a negative 
trend (P=0.039) by the incidental tumor test. 
The incidences in the dosed groups were not sig- 
nificantly different from that in the vehicle con
trol group by the incidental tumor test (vehicle 
control, 9/49,18%;low dose, 5/47,11%;mid dose, 
4/46,9%;high dose, 2/47,4%). The incidences of 
C-cell hyperplasia were 7/49 (14%) in the vehicle 
control, 12/47 (26%) in the low dose, 7/46 (15%) 
in the mid dose, and 7/47 (15%) in the high dose 
groups. 

Pituitary Gland: Adenomas in male and female 
rats and carcinomas in male rats occurred with 
negative trends. The incidences in high dose 
females and in mid dose and high dose males 
were lower than those of the vehicle controls. In 
male rats, the incidence of hyperplasia was as 
follows: vehicle control, 3/47 (6%); low dose, 7/45 
(16%); mid dose, 9/46 (20%); high dose, 5/48 
(10%);the incidence of adenomas or carcinomas 
(combined) was 18/47 (38%) in the vehicle 
control, 11/45 (24%) in the low dose, 11/46 (24%) 
in the mid dose, and 7/48 (15%) in the high dose 
groups. In female rats, the incidence of hyper- 
plasia was as follows: vehicle control, 5/47 
(11%); low dose, 10/50 (20%); mid dose, 5/48 
(10%);high dose, 7/49 (14%); the incidence of 
adenomas was 22/47 (47%) in the vehicle control, 
15/50 (30%)in the low dose, 15/48 (31%) in the 
mid dose, and 8/49 (16%) in the high dose groups. 

III. RESULTS: RATS 

Hematologic Analyses 

Hematologic effects were limited to lymphocyto- 
penia. The analyses of variance for groups B and 
C (Appendix N, Table N4) indicate strong dose 
effects that varied across time for both males 
and females. For males, the data suggest a com
pound-related reduction in lymphocyte count in 
months 3 through 21 (Figure 4; Table N4). The 
significance of the interaction term in the 
analysis of variance for months 12-21 is reflected 
in temporal changes in the magnitude of dif- 
ferences between vehicle control and dosed 
groups. Overall, the pattern of response, with- 
out regard for magnitude of differences, is con
sistent across time, suggesting a compound-
related depression of lymphocytes in males. 
There is also evidence of a similar dose-related 
effect on lymphocytes in females. As in males, 
differences between dosed and vehicle control 
means occur in months 3 through 21. However, 
that pattern of response is not as consistent or 
dramatic as that seen in the data for males. 

A complete statistical analysis of all hematology 
data is available from the National Toxicology 
Program. For the benzene hematologic results, 
the technical quality of certain of these data was 
questionable; thus, more detailed analyses (e.g., 
investigation of the association between 
hematologic and pathologic changes) are deemed 
inappropriate for these data. 
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III. RESULTS: MICE 


SEVENTEEN-WEEK STUDIES 

No compound-related deaths occurred. Final 
mean body weights (relative to those of the 
vehicle controls) were depressed 4%-10% for all 
dosed groups that received 100 mg/kg or more of 
benzene (Table 12). Tremors were observed in- 
termittently in the 400 and 600 mg/kg groups 
throughout the studies, and during the last 3 
weeks of the studies, tremors were more pro- 
nounced in male mice than in females. A dose- 
related leukopenia was observed for both male 
and female mice (Appendix M, Table M2). No 
compound-related histopathologic effects were 
observed. 

Based on these findings, doses selected for mice 
for the 2-year studies were 0, 25, 50, and 100 
mg/kg benzene in corn oil. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male mice were 
lower than those of the vehicle controls after 
week 47, ending in a difference of -19% a t  103 
weeks (Table 13 and Figure 5 ) .  Mean body 
weights for low and mid dose groups were com- 
parable to those of vehicle controls until about 
the final 4 or 15 weeks of the study. Mean body 
weights of vehicle control and high dose female 
mice were comparable until week 87. From 
week 87 to the end of the study, mean body 
weights of high dose female mice were lower 
than those of the vehicle controls; at week 103, 
the reduction was 15%. No compound-related 
clinical signs were observed. 

TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE SEVENTEEN-WEEK GAVAGE 
STUDIES OF BENZENE 

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

(mg/kg) (percent) 

MALE 

0 (d)8/10 23.4 f0.5 31.5 f 1.0 +8.4 f0.9 _ _  

25 (d)8/10 24.7 f 0.4 31.3 f 1.0 +6.9 f 0.7 99 

50 10110 21.8 f 1.3 30.3 f0.6 +8.5 f 0.9 98 


100 10110 25.7 i 0.9 30.2 f 1.6 +4.5 f 1.4 96 

200 (d)9110 27.0 -+ 0.5 29.4 f0.5 +2.2 f 0.8 93 

400 10/10 26.6 f 0.5 29.9 f 1.2 +3.3 k 0.9 95 

600 10110 26.5 k 0.3 29.4 f 0.4 +2.9 2 0.3 93 


FEMALE 

0 10/10 17.9 f 0.3 26.3 f 0.6 +8.4 k 0.7 -_ 

25 10/10 20.0 f 0.3 25.7 f 0.5 +5.7 f 0.4 98 

50 (d)9/10 19.6 f 0.4 25.9 f 0.8 +6.3 k 0.2 98 


100 10/10 20.0 f 0.4 24.4 f 0.7 +4.4 f0.6 93 

200 10/10 18.8 f 0.4 24.6 f 0.4 +5.8 k 0.3 93 

400 (d)9/10 19.2 f 0.2 23.8 f 0.4 +4.6 k 0.6 90 

600 10/10 18.8 f 0.3 24.3 f 0.4 +5.5 f 0.3 92 


(a)Number surviving/number in group 

(b)Initial group mean body weight. Subsequent calculations are based on those animals surviving to the end of the study. 

(c)Mean weight change of the survivors f standard error of the mean 
(d)Cause of death not known 
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TABLE 13. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES 
OF BENZENE 

Veh Control 25 mg/kg 50mgkg 100 mgkg 
Weeks 
on Study 

Av Wt 
(grama) 

No. of 
Survivors 

Av Wt Wt (percent 
(grams) of veh cont) 

No. of 
Survivors 

Av Wt 
(grams) 

Wt (percent 
of veh cont) 

No. of 
Survivors 

Av Wt Wt (percent 
(grams) of veh cont) 

No. of 
Survivors 

MALE 

(a) 0 
1 

21.0 
25.8 

60 
60 

26.6 
27.1 

99 
105 

59 
58 

26.1 
27.5 

91 
101 

60 
60 

26.8 
28.3 

99 
110 

60 
60 

2 27.8 60 28.2 101 58 29.1 105 60 28.8 104 60 
3 29.3 58 29.0 99 58 30.2 103 60 29.4 100 60 
4 30.4 58 29.9 98 58 30.4 100 60 30.4 100 59 
5 30.6 58 30.9 101 58 31.6 103 60 31.4 103 59 
6 30.9 58 30.2 98 58 31.3 101 60 31.4 102 59 
I 31.6 58 31.1 98 58 32.2 102 60 32.7 103 58 
8 33.3 58 32.0 96 58 32.7 98 60 33.0 99 58 
9 33.2 58 32.5 98 58 33.3 100 60 31.2 94 58 
10 32.9 58 33.1 101 58 33.8 103 60 31.8 97 58 
11 34.6 58 33.8 98 58 34.6 100 60 33.6 97 58 
12 33.8 58 33.9 100 58 35.2 104 60 34.6 102 58 
17 35.8 58 35.2 98 58 36.7 103 60 34.6 97 58 
21 37.1 58 36.5 98 58 38.2 109 60 36.3 98 58 
25 38.6 58 37.9 98 58 38.6 100 60 36.6 95 57 
30 38.9 58 38.4 99 57 39.1 102 59 31.1 95 57 
34 40.1 58 39.4 96 57 39.9 100 59 38.1 95 57 
38 40.5 57 40.2 99 56 41.3 102 59 38.2 94 57 
43 41.5 55 40.2 97 55 42.8 103 58 40.4 97 56 
47 44.3 54 44.1 101 54 44.5 100 58 39.8 90 56 
52 45.2 54 44.9 99 54 44.7 99 58 41.1 91 56 
57 43.6 45 43.2 99 44 42.5 97 48 40.0 92 46 
61 43.4 44 43.1 99 44 42.5 98 48 38.6 89 46 
66 42.2 46 31.1 46 
67 42.5 44 42.1 100 44 
70 41.5 44 40.2 91 43 41.1 99 45 39.1 94 46 
14 41.1 44 42.1 101 42 41.0 98 44 39.2 94 45 
76 43.0 43 43.9 102 42 41.9 91 42 39.2 91 42 
82 43.5 41 44.1 101 41 42.6 90 42 39.9 92 38 
87 42.8 38 43.2 101 36 39.1 91 39 36.9 86 31 
91 42.1 38 42.8 102 34 39.5 94 35 35.9 85 32 
95 42.2 36 42.1 100 33 39.6 94 30 35.1 83 27 
99 41.8 34 40.6 91 30 40.1 96 21 34.2 82 18 
103 41.5 29 37.5 90 24 38.0 92 20 33.6 81 7 

FEMALE 

(a) 0 
1 

20.2 
21.0 

60 
60 

20.1 
21.1 

100 
100 

60 
55 

20.5 
21.6 

101 
103 

60 
60 

20.6 
21.6 

102 
103 

60 
60 

2 21.7 60 21.3 98 55 21.4 99 60 22.0 101 60 
3 22.3 60 23.1 104 55 23.3 104 60 23.4 105 59 
4 23.1 59 23.5 102 55 24.4 106 60 23.3 101 59 
5 23.5 59 24.3 103 55 24.7 105 60 23.9 102 59 
6 23.5 59 23.8 101 55 24.1 105 60 24.1 103 59 
7 24.0 59 24.0 100 55 24.3 101 60 24.4 102 59 
8 24.3 59 24.9 102 55 25.8 106 60 25.5 105 59 
9 25.1 59 24.5 96 55 24.9 99 60 24.6 98 59 
10 25.0 59 25.1 100 55 25.6 102 60 25.7 103 59 
11 27.0 59 25.7 95 65 26.4 98 60 26.1 97 59 
12 26.3 59 26.3 100 55 21.1 103 60 25.8 98 59 
11 27.0 59 27.8 103 55 28.4 105 59 27.9 103 59 
21 28.5 59 28.2 99 55 29.1 102 59 29.0 102 59 
25 28.8 59 29.1 101 55 29.9 104 59 29.9 104 59 
30 29.8 57 30.2 101 55 31.6 106 59 30.8 103 59 
34 31.3 51 30.8 98 55 32.1 104 59 33.1 106 59 
38 32.9 56 32.4 98 54 35.6 108 59 34.2 104 59 
43 34.2 56 32.8 96 54 35.2 103 59 35.8 105 59 
41 36.0 56 34.9 97 54 38.2 106 59 37.0 103 59 
52 38.9 56 37.0 95 54 41.0 105 59 40.6 104 58 
51 40.8 46 39.2 96 44 41.5 102 50 40.1 98 48 
61 40.0 45 38.2 96 44 42.4 106 50 39.7 99 48 
66 43.8 50 41.4 47 
67 41.2 45 38.9 94 44 
70 40.5 45 38.3 95 43 43.5 107 48 40.1 99 46 
74 39.4 44 38.5 98 43 43.5 110 46 41.0 104 43 
78 42.3 43 41.0 91 42 45.5 108 46 43.0 102 41 
82 44.6 42 43.1 97 39 48.0 108 45 45.3 102 40 
81 
91 
95 

43.1 
41.9 
41.9 

41 
39 
38 

42.6 
42.5 
41.8 

99 
101 
100 

38 
35 
32 

46.7 
45.2 
16.2 

loa 
108 
110 

43 
40 
35 

41.1 
39.0 
38.8 

95 
93 
93 

33 
31 
24 

99 
103 

42.4 
42.3 

35 
31 

42.9 
43.1 

101 
102 

30 
27 

43.1 
43.2 

102 
102 

30 
25 

36.6 
36.1 

86 
85 

21 
18 

(a) Mean body weights 2days after first dose 
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III. RESULTS: MICE 


Survival 

Estimates of the probabilities of survival for 
male and female mice administered benzene a t  
the doses used in these studies and for the 
vehicle controls are shown in the Kaplan and 
Meier curves in Figure 6. The survival of the 
high dose group of both male mice after week 96 
and female mice after week 92 was significantly 
lower than that of the respective vehicle control 
groups (Table 14). 

Pathology and Statistical Analyses of 
Results 

This section describes significant or noteworthy 
changes in the incidences of mice with neoplastic 
or nonneoplastic lesions in the Zymbal gland, 
preputial gland, ovary, mammary gland, har- 
derian gland, lung, hematopoietic system, 
stomach, liver, and adrenal gland. Histo
pathologic findings on neoplasms in mice are 

summarized in Appendix B (Tables B1 and B2); 
Appendix B (Tables B3 and B4) also gives the 
survival and tumor status for individual male 
and female mice. Findings on nonneoplastic 
lesions are summarized in Appendix D (Tables 
D1 and D2). Appendix E (Tables E3 and E4) 
contains the statistical analyses of those 
primary tumors that occurred with an  incidence 
of a t  least 5% in one of the four groups. One 
vehicle control male, two low dose male, and one 
high dose male mice and one vehicle control 
female, five low dose female, and one high dose 
female mice that died before week 4 are not 
included in the statistical analyses of the 
results. [Because of this, some of the denomina- 
tors in tumor incidence tables may be different 
from those in the summary appendixes.] The 
statistical analyses used are discussed in 
Chapter II (Statistical Methods) and Appendix E 
(footnotes). Historical incidences of tumors in 
corn oil vehicle control animals are listed in Ap- 
pendix F. 

TABLE 14. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF BENZENE 
~ ~~ 

Vehicle Control 2 5 m g k g  SOrngkg 100 mg/kg 

MALE (a) 

Animals initially in study 

Nonaccidental deaths before termination (b) 

Accidentally killed (c) 

Killed at termination 

Died during termination period 

Survival P values (d) 


FEMALE (a) 

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

(a)Terminal kill period: week 104 

50 50 
20 24 
2 3 

28 22 
0 1 

<0.001 0.450 

50 50 
16 19 
4 5 

30 25 
0 1 
0.001 0.499 

50 50 
31 41 
1 2 

18 7 
0 0 
0.059 co.001 

50 50 
26 31 
0 1 

24 16 
0 2 
0.110 0.004 

(b)Includes animals killed in a moribund condition 
(c)Cause of death not known 
(d)The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise 
comparisons with the vehicle controls are in the dosed columns. 
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III. RESULTS: MICE 

Zymbal Gland Epithelial hyperplasia was ob- exceed the greatest incidences observed in corn 
served at increased incidences in mid and high oil vehicle historical controls (Appendix F, Ta
dose male and high dose female mice (Table 15). ble F21). The incidences of Zymbal gland car-
Squamous cell carcinomas in males and females cinomas were significantly increased in mid dose 
occurred with positive trends. The incidences in and high dose male mice and in high dose female 
the mid and high dose males and high dose fe- mice. In mid dose and high dose male mice and 
males were significantly greater than those in in high dose female mice, the incidences of epi- 
the vehicle controls. All neoplasms were carci- thelial hyperplasia of the Zymbal gland were 
nomas; no adenomas were observed. Also, one also increased. The possible early occurrence 
high dose male and one high dose female had a and progression of these lesions was investi
carcinosarcoma. gated by an  examination of the Zymbal glands 

from the 10 animals per group killed after 12 
The incidences of Zymbal gland carcinomas in months’ exposure; no nonneoplastic or neoplastic 
mid dose and high dose male rats and in low pathologic effects were observed. One mid dose 
dose, mid dose, and high dose female rats were (50 mg/kg) female mouse had a small focus of 
greater than those in the vehicle controls (see acute inflammation. 
Tables 28-30 in Discussion and Conclusions) and 

TABLE 15. ANALYSIS OF ZYMBAL GLAND LESIONS IN MICE IN THE TWO-YEAR GAVAGE 

STUDIES OF BENZENE (a) 


Vehicle Control 25 mg/kg 50mg/kg 100mg/kg 

MALE 

Epithelial Hyperplasia 

Overall Rates 0143(0%) 3/34 (9%) 12/40(30%) 10139 (26%) 


Squamous Cell Carcinoma (b) 

Overall Rates 0143(0%) 1/34 (3%) 4/40 (10%) 21/39 (54%) 

Adjusted Rates 0.0% 2.9% 28.6% 87.6% 

Terminal Rates 0125(0%) 0115(0%) 4/14 (29%) 5/7 (71%) 

Life Table Tests PCO.001 P=0.489 P=O.O12 P<O.OOl 

Incidental Tumor Tests P<O.OOl P=0.500 P=0.012 P<O.OOl 


FEMALE 

Epithelial Hyperplasia 

Overall Rates 1/43 (2%) 1/32 (3%) 2/37 (5%) 6/31 (19%) 


Squamous Cell Carcinoma (c) 

Overall Rates 0143(0%) 0132(0%) 1/37 (3%) 3/31(10%) 

Adjusted Rates 0.0% 0.0% 4.8% 18.8% 

Terminal Rates 0/27(0%) 0118 (0%) 1/21(5%) 3/16 (19%) 

Life Table Tests P=0.007 (d) P=0.450 P=0.045 

Incidental Tumor Tests P=0.007 (d) P=0.450 P=0.045 


(a)The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).

Mice that died before week 4are not included in the statistical analyses but are included in Appendixes B and D. 

(b)Historical incidence at laboratory (mean): 01100;historical incidence in NTP studies: 0/1,090

(c)Historical incidence a t  laboratory (mean): 0199;historical incidence in NTP studies: 111,187 (<0.1%) 

(d)No P values are reported because no tumors were observed in the 25 mg/kg and vehicle control groups. 
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Preputial Gland Hyperplasia was observed at 
increased incidences in the preputial gland of 
low and mid dose male mice (Table 16).Squa
mous cell carcinomas and carcinomas (all types) 
occurred in male mice with positive trends. The 
incidences of squamous cell carcinomas in mid 
and high dose males and the incidences of carci- 
nomas (all types) in mid and high dose males 
were greater than those of the vehicle controls. 
One low dose and one high dose male had a car- 
cinosarcoma. There were no corresponding cli- 
toral gland neoplasms in females. Epithelial hy- 
perplasia was observed in six low dose, two mid 
dose, and one high dose females. 

Ovary: The incidence of female mice with vari- 
ous nonneoplastic and neoplastic lesions in the 
ovary is given in Table 17. Granulosa cell tu- 
mors and benign mixed tumors occurred with 
significant positive trends. The incidences of 

granulosa cell tumors in the high dose group and 
benign mixed tumors in the mid and high dose 
groups were significantly greater than those in 
the vehicle controls (Table 18). The granulosa 
cell neoplasms consisted of well-differentiated 
granulosa cells arranged in tubular patterns, 
cell clusters separated by interconnecting 
strands of stromal connective tissue, or homo
geneous cell populations with no definite cellu- 
lar arrangement and scanty stroma. Benign 
mixed tumors comprised heterogeneous cell 
types including tubular structures arising from 
the ovarian surface epithelium (so-called germi- 
nal epithelium), stromal cells, and/or granulosa 
cells exhibiting varying degrees of luteinization. 
Luteomas consisted predominantly of luteinized 
theca and/or granulosa cells and tubular 
adenomas consisted of randomly arranged 
tubules with a low cuboidal epithelium. 

TABLE 16. ANALYSIS OF PREPUTIAL GLAND LESIONS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE 

Vehicle Control 25 mg/kg 50 m a g  100mg/kg 

Hyperplasia (Focal, Diffuse, or Epithelial) 
Overall Rates 1/21(5%) 18/28 (65%) 9/29(31%) 1/35(3%) 

Squamous Cell Carcinoma 
Overall Rates 0/21(0%) 3/28(1 1%) 18/29 (62%) 28/35(80%) 
Adjusted Rates 0.0% 13.6% 80.8% 91.2% 
Terminal Rates 0/13(0%) 3/22 (14%) 14/18 (78%) 4/6 (67%)
Life Table Tests Pc0.001 P=0.225 P<0.001 P <  0.001 
Incidental Tumor Tests P<0.00I P=0.225 P<0.001 P<0.001 

Carcinoma, NOS 
Overall Rates 0121(0%) 2/28 (7%) 1/29(3%) 3/35 (9%) 
Adjusted Rates 0.0% 9.1% 4.0% 24.8% 
Terminal Rates 0113(0%) 2/22 (9%) 0118(0%) 116 (17%) 
Life Table Tests P <0.019 P=0.359 P<0.445 P<0.043 
Incidental Tumor Tests PC0.234 P=0.359 P<0.545 P<0.234 

Carcinoma (All Types) (a) 
Overall Rates 0121(0%) 5/28 (18%) 19/29(66%) 31/35(89%) 
Adjusted Rates 0.0% 21.7% 81.6% 96.1% 
Terminal Rates 0113 (0%) 5/22 (22%) 14/18(78%) 516 (83%)
Life Table Tests P<O.OOl P=O.O91 P <  0.001 P <  0.001 
Incidental Tumor Tests P<O.OOl P= 0.091 P<0.001 P<O.OOl 

(a)Historical incidence of adenomas or carcinomas at laboratory (mean): 01100;historical incidence in NTP studies: 
111,090 (<0.1%) 
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TABLE 1'7. NUMBER OF FEMALE MICE WITH OVARIAN LESIONS IN THE TWO-YEAR GAVAGE 
STUDY OF BENZENE 

Lesion Vehicle Control 25 mg/kg 50 100mg/kg 

No. of mice examined 47 44 49 48 
Epithelial hyperplasia 
Senile atrophy 
Papillary cystadenoma 
Luteoma 

12 
15 
0 
0 

39 
35 
0 
2 

31 
32 

2 
3 

29 
22 

Granulosa cell tumor 1 1 6 
Granulosa cell carcinoma 0 0 0 
Tubular adenoma 0 0 3 
Benign mixed tumor 0 1 12 

TABLE 18. ANALYSIS OF OVARIAN TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF BENZENE (a) 

Vehicle Control 25 mg/kg 50 mgfltg 100mg/kg 

Tubular Adenoma 
Overall Rates 0147 (0%) 0144 (0%) 3/49 (6%) 3/48 (6%) 

Adjusted Rates 0.0% 0.0% 11.4% 15.8% 

Terminal Rates 0130 (0%) 0126 (0%) 2/24 (8%) 2/18 (11%) 

Life Table Tests P =0.008 (b) P=O.O90 P=0.047 

Incidental Tumor Testa P=0.016 (b) P=O.119 P=0.077 


Granulosa Cell Tumor 
Overall Rates 1/47 (2%) 1/44 (2%) 6/49 (12%) 7/48 (15%) 

Adjusted Rates 3.3% 3.8% 19.9% 28.9% 

Terminal Rates 1130 (3%) 1/26(4%) 3/24(13%) 4/18 (22%) 

Life Table Tests P c0.001 P =0.730 P =0.040 P=0.008 

Incidental Tumor Tests P =0.005 P =0.730 P =0.077 P=O.O20 


Granulosa Cell Tumor or Carcinoma (c)
Overall Rates 1/47 (2%) 1/44 (2%) 6/49 (12%) 8/48 (17%)
Adjusted Rates 3.3% 3.8% 19.9% 3 1.6% 
Terminal Rates 1/30(3%) 1/26 (4%) 3/24(13%) 4/18 (22%) 
Life Table Tests P<O.OOl P=0.730 P=0.040 P=0.004 
Incidental Tumor Tests P=O.O02 P=0.730 P=0.077 P=0.012 

Mixed Tumor, Benign 
Overall Rates 0/47 (0%) 1/44 (2%) 12/49 (24%) 7/48 (15%) 
Adjusted Rates 0.0% 3.8% 42.3% 32.9% 
Terminal Rates 0130 (0%) 1/26 (4%) 9/24 (38%) 5/18 (28%) 
Life Table Tests P c0.00 1 P=0.471 P c0.001 P =0.001 
Incidental Tumor Tests P <  0.001 P=0.471 P <  0.001 P =0.002 

(a)Historical incidence of ovarian tumors a t  laboratory: 01100; historical incidence in NTP studies: no more than two ovarian 
tumors were present in any single control group 
(b)No P values are reported because no tumors were observed in the 25 mg/kgand vehicle control groups. 
(c)Historical incidence in NTP studies (mean): 311,028 (0.3%) 

Benzene, NTP TR 289 68 



Mammary Gland Carcinomas and carcinosar- 
comas in female mice occurred with significant 
positive trends (Table 19). The incidences of car- 
cinomas in mid and high dose female mice and of 
carcinosarcomas in high dose female mice were 
significantly greater than those in the vehicle 
controls. Carcinomas often showed both a n  
organoid pattern of epithelial cell arrangement 
and extensive squamous differentiation. Car
cinosarcomas consisted of highly anaplastic epi- 
thelial cells and a prominent spindle-cell com- 
ponent resembling malignant fibroblasts. 

Harderian Gland Focal hyperplasia was ob
served at increased incidences in dosed male and 
female mice (Table 20). Adenomas in males and 
carcinomas in females occurred with significant 
positive trends. The incidences of adenomas in 
dosed male mice were significantly greater than 

III. RESULTS: MICE 

that in the vehicle controls. The incidence of 
carcinomas in high dose females was marginally 
greater than that in vehicle controls. These neo- 
plasms consisted of pseudoglandular structures 
lined by epithelium showing loss of polarity, 
mild to moderate pleomorphism, and formation 
of multiple layers. The malignant tumors were 
less differentiated and were locally invasive. 

Harderian glands were examined from the 10 
animals per group killed at  12 months. Mild 
localized epithelial hyperplasia was observed in 
1/10 female vehicle controls, 1/10 low dose 
males, and 1/10 mid dose females; this latter 
mouse had a small adenoma near the hyper- 
plastic focus. One of 10 low dose females had a 
small focus of necrosis and acute inflammation. 
One mid dose male had a small adenoma. 

TABLE 19. ANALYSIS OF MAMMARY GLAND LESIONS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE 

Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg 

Hyperplasia (Focal or Cystic) 
Overall Rates 2/49 (4%) 4/45 (9%) 2/50 (4%) 1/49 (2%) 

Carcinoma (a) 
Overall Rates 0149 (0%) 2/45 (4%) 5/50 (10%) 10149 (20%) 
Adjusted Rates 0.0% 6.9% 15.9% 33.2% 
Terminal Rates 0130 (0%) 0126 (0%) 2/24 (8%) 3/18 (17%)
Life Table Tests P<O.OOl P=0.202 P=0.026 P<0.001 
Incidental Tumor Tests P<O.OOl P=0.233 PzO.047 P=0.004 

Carcinosarcoma 
Overall Rates 0149 (0%) 0145 (0%) 1/50 (2%) 4/49 (8%) 
Adjusted Rates 0.0% 0.0% 2.7% 20.6% 
Terminal Rates 0130 (0%) OD6 (0%) OD4 (0%) 3/18 (17%) 
Life Table Tests P=O.OOl (b) P=0.495 P=0.017 
Incidental Tumor Testa P=0.003 (b) P=0.588 Pe0.030 

(a)Historical incidence of carcinomas at laboratory (mean fSD): 1/99 (1%);historical incidence in NTP studies: 1511,187 
( I % *  2%)
(b)No P values are reported because no tumors were observed in the 25 mgkg and vehicle control groups. 
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TABLE 20. ANALYSIS OF HARDERIAN GLAND LESIONS IN MICE IN THE TWO-YEAR GAVAGE 
STUDIES OF BENZENE 

Vehicle Control 25 mg/kg 50 mg/kg 100mg/kg 

MALE 

Focal Hyperplasia 

Overall Rates 0149 (0%) 5/46(11%) 11/49 (22%) 7/48 (15%) 


Adenoma (a)
Overall Rates 0149(0%) 9/46 (20%) 13/49 (27%) 11/48 (23%) 
Adjusted Rates 0.0% 33.2% 51.7% 56.2% 
Terminal Rates 0128(0%) 6/22 (27%) 8/18 (44%) 217 (29%) 
Life Table Tests P<0.001 P= 0.001 P<0.001 P<0.001 
Incidental Tumor Tests P=O.OOl P=O.OOl P <0.001 P=0.003 

Carcinoma 
Overall Rates 1/49 (2%) 2/46 (4%) 0149(0%) 3/48 (6%) 
Adjusted Rates 3.6% 8.2% 0.0% 11.7% 
Terminal Rates 1/28 (4%) 1/22(5%) 0118(0%) 017 (0%) 
Life Table Tests P=0.064 P=0.423 P=0.588N P=0.128 
Incidental Tumor Tests P=0.309 P=0.467 P=0.588N P=0.408 

Adenoma or Carcinoma 
Overall Rates 1/49 (2%) 10146 (22%) 13/49 (26%) 14/48 (29%) 
Adjusted Rates 3.6% 35.8% 51.7% 61.3% 
Terminal Rates 1/28 (4%) 6/22 (27%) 8/18 (44%) 217 (29%) 
Life Table Tests P <  0.001 P=0.002 P<0.001 P<0.001 
Incidental Tumor Tests P<O.OOl P=0.003 P<O.OOl P=0.002 

FEMALE 

Focal or Diffuse Hyperplasia 
Overall Rates 6/48(13%) 10144 (23%) 11/50 (22%) 10147 (21%) 

Adenoma (b) 
Overall Rates 5/48 (10%) 6/44 (14%) 10/50(20%) 6/47(13%)
Adjusted Rates 16.7% 24.0% 27.4% 27.1% 
Terminal Rates 5/30 (17%) 6/25 (24%) 2/24(8%) 4/18 (22%) 
Life Table Tests P=0.133 P=0.369 P=0.090 P=0.204 
Incidental Tumor Tests P=0.311 P=0.369 P=0.209 P=0.281 

Carcinoma 
Overall Rates 0148(0%) 0144(0%) 0150 (0%) 4/47 (9%) 
Adjusted Rates 0.0% 0.0% 0.0% 17.8% 
Terminal Rates 0130 (0%) 0125 (0%) 0124(0%) 1/18 (6%) 
Life Table Tests P<O.OOl  ( C )  (C) P=0.020 
Incidental Tumor Tests P=0.003 (C) (C) P=0.060 

Adenoma or Carcinoma 
Overall Rates 5/48 (10%) 6/44 (14%) 10/50 (20%) 10147 (21%) 
Adjusted Rates 16.7% 24.0% 27.4% 41.1% 
Terminal Rates 5/30(17%) 6/25 (24%) 2/24(8%) 5/18 (28%) 
Life Table Tests P=0.009 P=0.369 P=O.O90 P=0.017 
Incidental Tumor Tests P=0.046 P=0.369 P=0.209 P=0.049 

(a)Historical incidence a t  laboratory (mean f SD): 1/100(1%); historical incidence in NTPstudies: 3211,090(3% f 3%) 
(b)Historical incidence a t  laboratory (mean f SD): 0199;historical incidence in NTP studies: 11/1,187 (0.9% k 1%)
(c)No P values are reported because no tumors were observed in the 25mgkg or 50mg/kg and vehicle control groups. 
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III. RESULTS: MICE 

Lung: The incidences of alveolar epithelial hy- greater emphasis, since (1) the increased inci- 
perplasia and alveolarhronchiolar neoplasms dence of lung tumors is due primarily to malig- 
were increased in dosed male and female mice nant, potentially life-threatening tumors, (2) the 
(Table 21). Most of the significant increases incidental tumor test has somewhat reduced 
were due to carcinomas. For male mice, the life sensitivity because of the excessive mortality in 
table and incidental tumor tests give different the high dose group, and (3) the unadjusted anal- 
results regarding the statistical significance of yses (see Appendix E, Table E3) indicate a sig
dose-response trends and of increased tumor in- nificant increase in tumor incidence, despite the 
cidences in the mid and high dose groups. In this reduced survival in the high dose group. 
instance, the life table test should be given the 

TABLE 21. ANALYSIS OF LUNG LESIONS IN MICE IN  THE TWO-YEAR GAVAGE STUDIES O F  
BENZENE 

Vehicle Control 25mgflrg 50 mg/kg 100 mg/kg 

MALE 

Alveolar Epithelial Hyperplasia 

Overall Rates 2/49 (4%) 3/48 (6%) 7/50 (14%) 10149 (20%) 


AlveolarlBronc hiolar Adenoma 

Overall Rates 6/49 (12%) 6/48(13%) 8/50(16%) 12/49 (24%) 

Adjusted Rates 18.9% 21.1% 29.3% 41.5% 

Terminal Rates 4/28 (14%) 3/23 (13%) 2/18 (11%) OR (0%)

Life Table Testa P<0.001 P =0.499 P=0.188 P=O.O05 

Incidental Tumor Tests P =0.179 P =0.609 P =0.486 P=0.326 


AlveolartBronchiolar Carcinoma 

Overall Rates 5/49 (10%) 11/48 (23%) 12/50 (24%) 14/49 (29%) 

Adjusted Rates 15.6% 36.3% 41.9% 58.8% 

Terminal Rates 3/28 (1 1%) 6/23 (26%) 5/18 (28%) 217 (29%) 

Life Table Tests P<0.001 P =0.052 P=0.017 P<0.001 

Incidental Tumor Tests P=0.046 P =0.083 P =0.083 P =0.073 


AlveolarlBronchiolar Adenoma or Carcinoma (a)

Overall Rates 10149 (20%) 16/48 (33%) 19/50(38%) 21/49 (43%) 

Adjusted Rates 29.8% 49.1% 60.0% 71.1% 

Terminal Rates 6/28 (21%) 8/23(35%) 7/18 (39%) 2/7(29%)

Life Table Tests P<O.OOl P=0.069 P30.007 P <0.001 

Incidental Tumor Tests P =0.056 P=0.124 P=0.070 P=0.094 


FEMALE 

Alveolar E ithelial Hyperplasia 

Overall L t e s  1/49(2%) 1/42 (2%) 9/50 (18%) 6/49 (12%) 


AlveolarlBronc hiolar Adenoma 
Overall Rates 4/49 (8%) 2/42 (5%) 5/60 (10%) 9/49 (18%)

Adjusted Rates 13.3% 7.2% 15.7% 44.0% 

Terminal Rates 4/30 (13%) 1/24 (4%) 2/24 (8%) 7/18 (39%) 

Life Table Tests P=0.003 P=0.437N P=0.398 P=O.Oll 

Incidental Tumor Tests P=0.010 P=0.435N P=0.514 P=0.020 


AlveolartBronc hiolar Carcinoma 

Overall Rates 0149 (0%) 3/42 (7%) 6/50 (12%) 6/49 (12%) 

Adjusted Rates 0.0% 12.5% 22.8% 27.0% 

Terminal Rates 0130 (0%) 3/24(13%) 5/24 (21%) 4/18 (22%) 

Life Table Tests P =0.002 P=0.084 P=O.OlO P =0.004 

Incidental Tumor Tests P =0.006 P =0.084 P =  0.013 P=O.O09 


AlveolarlBronchiolar Adenoma or Carcinoma (b)

Overall Rates 4/49 (8%) 5/42 (12%) 10150 (20%) 13/49 (27%) 

Adjusted Rates 13.3% 19.3% 32.7% 57.1% 

Terminal Rates 4/30 (13%) 4/24 (17%) 6/24 (25%) 9/16 (50%)

Life Table Tests P<O.OOl P =0.366 P =0.039 P<O.OOl 

Incidental Tumor Tests P e0.001 P=0.368 P =0.071 P =0.002 

(a)Historical incidence at laboratory (mean f SD): 14/100 (14%); historical incidence in NTP studies: 15511,082 

(14%f 6%)

(b)Historical incidence at laboratory (mean f. SD): 4/97 (4%); historical incidence in NTP studies: 52/1,103 (5% k 4%) 
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III. RESULTS: MICE 

Hematopoietic System: Hematopoietic hyper- 
plasia was observed at increased incidences in 
the bone marrow of dosed mice of each sex (Table 
22). Splenic hematopoiesis was also increased 
with dose (male: vehicle control, 5/49; low dose, 
9/48; mid dose; 19/49; high dose, 24/47; female: 
9/49; 10145; 6/50; 14/49). Neoplasms diagnosed 
as leukemia were considered by the Pathology 
Working Group to be malignant lymphomas 
with associated “leukemia” (i.e., evidence of ele- 
vated lymphocytes/lymphoblasts in peripheral 

blood). Thus, the lymphoma or leukemia data 
given below should be viewed as all lymphoma 
for evaluation purposes. Malignant lymphomas 
in male and female mice occurred with signifi- 
cant positive trends. The incidences of malig
nant lymphomas in all dosed groups of males 
and females were significantly greater than 
those in the vehicle controls by the life table test, 
which is generally regarded as the more 
appropriate method of statistical analysis for 
these potentially life-threatening neoplasms. 

TABLE 22. ANALYSIS OF HEMATOPOIETIC SYSTEM LESIONS IN MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF BENZENE 

Vehicle Control 

MALE 


Hematopoietic Hyperplasia (Bone Marrow) 

Overall Rates 

Lymphoma, All Malignant 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Testa 
Incidental Tumor Testa 

Leukemia 
Overall Rates 

Lymphoma or Leukemia (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Testa 

FEMALE 

0149 (0%) 

4/49(8%)
12.4% 

2/28 (7%) 

Pc0,001

P=0.003 


0149(0%) 

4/49(8%)
12.4% 
2/28 (7%)
Pc0.001 
P=0.006 

Hematopoietic Hyperplasia (Bone Marrow) 
Overall Rates 

Lymphoma, All Malignant 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Testa 

Leukemia 
Overall Rates 

Lymphoma or Leukemia (b)
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Testa 

3/49 (6%) 


15/49(31%)

41.7% 

10130(33%)

P=0.031 
P=0.446 

0149 (0%) 

15/49(31%)
41.7% 

10130(33%)

P=0.014 

P=0.309 


25 mgflte 50 mg/kg 100mg/kg 

11/48(22%) 10150(20%) 25/49 (50%) 

9/48 (19%) 
31.3% 

9/50 (18%) 
42.2% 

15/49(31%)
69.3% 

5/23(22%)
P=0.075 
P=0.116 

7/18 (39%) 
P=0.030 
P=0.072 

317 (43%) 
Pc0.001 
P=0.022 

1/48(2%) 1/50(2%) 0149(0%) 

10148 (21%) 
33.1% 

10150(20%)
44.0% 

15/49(31%)
69.3% 

5/23(22%)
P=0.048 
P=0.080 

7/18 (39%) 
P=0.018 
P=0.052 

317 (43%) 
P<0.001 
P=0.022 

14/45(31%) 8/50 (16%) 13/49 (26%) 

24/45 (53%) 
68.0% 

24/50 (48%) 
62.5% 

20/49 (41%) 
53.6% 

15/26 (58%) 
P=O.O21 

11/24 (46%) 
P=0.025 

5/18(28%)
P=0.037 

P=0.028 P=O.109 P=0.357 

1/45(2%) 2/50 (4%) 2/49 (4%) 

25/45 (56%) 
68.7% 
15/26(58%)
P=0.014 
P=0.014 

26/50(52%)
64.6% 
11124 (46%) 
P=0.012 
P=0.061 

22/49 (45%) 
56.2% 
5/18 (28%) 
P=0.017 
P=0.272 

(a)Historical incidence at laboratory (mean k SD): 13/100(13%); historical incidence in NTP studies: 132/1,090 
* (12%f 6%)
(b)Historical incidence at laboratory (mean & SD): 25/99 (25%); historical incidence in NTP studies: 258/1,187
(22% f 9%) 
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III. RESULTS: MICE 

Forestomach: Epithelial hyperplasia and hyper- remained the same (2145) and the number in the 
keratosis were observed at increased incidences dosed groups increased (from 81124 to 10/124). 
in low dose males and mid dose and high dose fe- The increased incidences of squamous cell papil- 
males (Table 23). Squamous cell papillomas in lomas and squamous cell papillomas or carcino
male mice occurred with a significant positive mas (combined) in high dose male mice were not 
trend. The combined incidence in male mice statistically significant by the incidental tumor 
with either squamous cell papillomas or carcino- test. The increased incidences of squamous cell 
mas, however, did not occur with a significant papillomas in dosed females were also not 
trend by the incidental tumor test even though significant; no squamous cell carcinomas were 
the number of neoplasms in vehicle controls observed. 

TABLE 23. ANALYSIS O F  FORESTOMACH LESIONS IN MICE IN THE TWO-YEAR GAVAGE 

STUDIES O F  BENZENE 


Vehicle Control 25 mg/kg 50 mg/kg 100mg/kg 

MALE 

Epithelial Hyperplasia 

Overall Rates 1/45 (2%) 11/42 (26%) 2/44 (5%) 0138 (0%) 


Hyperkeratosis 

Overall Rates 1/45 (2%) 7/42 (17%) 4/44 (9%) 1/38 (3%) 


Squamous Cell Papilloma 

Overall Rates 2/45 (4%) 1/42(2%) 2/44 (5%) 5/38 (13%) 

Adjusted Rates 6.8% 4.3% 8.7% 38.5% 

Terminal Rates 1/28 (4%) 1/23(4%) 1/18 (6%) 217 (29%) 

Life Table Tests P =0.003 P =0.567N P =0.556 P =0.014 

Incidental Tumor Tests P=0.048 P=0.546N P=0.685 P=0.161 


Squamous Cell Carcinoma 

Overall Rates OJ45 (0%) 1/42 (2%) 1/44(2%) 1/38 (3%) 


Squamous Cell Papilloma or Carcinoma (a)

Overall Rates 2/45 (4%) 2/42 (5%) 3/44 (7%) 5/38 (13%) 

Adjusted Rates 6.8% 8.7% 13.3% 38.5% 

Terminal Rates 1/28 (4%) 2/23 (9%) 1/18 (6%) 217 (29%) 

Life Table Tests P=0.004 P=0.623 P=0.335 P =0.014 

Incidental Tumor Tests P=0.074 P =0.640 P=0.521 P=0.161 


FEMALE 

Epithelial Hyperplasia 

Overall Rates 1/42(2%) 3/40 (8%) 6/45 (13%) 6/42 (14%) 


Hyperkeratosis 

Overall Rates 0142 (0%) 1/40 (2%) 5/45 (11%) 9/42 (19%) 


Squamous Cell Papilloma (b)

Overall Rates 1/42(2%) 3/40 (7%) 6/45 (13%) 5/42 (12%) 

Adjusted Rates 2.3% 8.6% 23.7% 25.1% 

Terminal Rates 0129 (0%) 1/26(4%) 5/24 (21%) 4/18 (22%) 

Life Table Tests P=0.022 P=0.288 P=0.038 P=0.040 

Incidental Tumor Tests P =  0.071 P=0.134 P=0.059 P=0.079 


(a)Historical incidence at laboratory (mean): 01100; historical incidence in NTP studies: 711,055 (0.7%)
(b)Historical incidence a t  laboratory (mean): 0/99; historical incidence in NTP studies: 711,077 (0.6%) 
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III. RESULTS: MICE 

Liver: In female mice, the incidences of hepato- in the vehicle controls (Table 25). The incidence 
cellular adenomas in the low dose group and of pheochromocytomas in mid dose male mice 
hepatocellular adenomas or carcinomas (com- was significantly greater than that in the vehi- 
bined) in the low and mid dose groups were sig- cle controls. In female mice, pheochromocy- 
nificantly greater than those in the vehicle con- tomas or malignant pheochromocytomas (com- 
trols (Table 24). bined) occurred with a significant negative 

trend, and the incidences in the dosed groups 
Adrenul Gland: The incidences of hyperplasia in were significantly lower than that in the vehicle 
the adrenal capsule in dosed mice of each sex controls. 
(except high dose males) were greater than those 

TABLE 24. ANALYSIS OF LIVER TUMORS IN MICE IN THE TWO-YEAR GAVAGE STUDIES O F  

BENZENE 


Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg 

MALE 

He atocellular Adenoma 

&era11 Rates 7/49 (14%) 11148 (23%) 6/50 (12%) 3/47 (6%) 

Adjusted Rates 25.0% 40.4% 3/18(17%)25.4% 14.5%
 
Terminal Rates 7/28 (25%) 8/23 (35%) OR (0%)

Life Table Tests P=0.519 P=0.108 P =0.438 P =0.518 

Incidental Tumor Tests P=0.221N P=0.131 P=0.583 P =  0.519N 


Hepatocellular Carcinoma 

Overall Rates 9/49 (18%) 8/48 (17%) 17/50 (34%) 8/47 (17%) 

Adjusted Rates 22.0% 27.8% 49.4% 46.7% 

Terminal Rates 1/28 (4%) 4/23 (17%) 3/18(17%) 2pI (29%) 

Life Table Tests P=0.072 P =  0.589 P =0.028 P =0.293 

Incidental Tumor Tests P =0.234N P=0.392N P =0.23 1 P =0.215N 


He atocellular Adenoma or Carcinoma (a)

8verall  Rates 15/49 (31%) 17/48(35%) 22/50 (44%) 11/47 (23%) 

Adiusted Rates 39.3% 54.9% 62.7% 54.8% 

Terminal ~ a t e s  7/28 (25%) 10123 (43%) 6/18 (33%) 2R (29%) 

Life Table Tests P=0.076 P =0.256 P=0.029 P =0.225 

Incidental Tumor Tests P =  0.136N P =0.423 P=0.238 P =0.207N 


FEMALE 

He atocellular Adenoma 

&era11 Rates 1/49(2%) 8/44 (18%) 5/50 (10%) 4/49 (8%)

Adjusted Rates 3.3% 30.8% 15.6% 17.4% 

Terminal Rates 1/30 (3%) 8/26 (31%) 1/24 (4%) 2/18 (11%)

Life Table Tests P =0.156 P=0.008 P=0.079 P =0.077 

Incidental Tumor Tests P=0.289 P =0.008 P=0.168 P =0.124 


H e  atocellular Carcinoma 

&wall b t e s  3/49 (6%) 4/44 (9%) 8/50(16%) 4/49 (8%)

Adjusted Rates 9.1% 11.9% 28.0% 17.0% 

Terminal Rates 2/30 (7%) 1/26 (4%) 5/24 (21%) 1/18 (6%) 

Life Table Tests P=0.169 P =0.440 P =0.058 P =0.278 

Incidental Tumor Tests P=0.401 P=0.498 P=O.101 P=0.471 


Hepatocellular Adenoma or Carcinoma (b)

Overall Rates 4/49 (8%) 12/44 (27%) 13/50 (26%) 7/49 (14%) 

Adjusted Rates 12.3% 40.1% 39.9% 27.5% 

Terminal Rates 3/30 (10%) 9/26 (35%) 6/24 (25%) 2/18 (11%) 

Life Table Tests P=0.103 P=0.014 P=0.008 P20.086 

Incidental Tumor Tests P=0.339 P=0.017 P=0.026 P=0.209 


(a)Historical incidence at laboratory (mean k SD): 351100 (36%); historical incidence in NTP studies: 34011,084 
(31% f 10%)
(b)Historical incidence a t  laboratory (mean f SD): 6/98 (6%); historical incidence in NTP studies: 8011,176 (7% f 3%) 
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TABLE 25. ANALYSIS OF ADRENAL GLAND LESIONS IN MICh IN THE TWO-YEAR GAVAGE 
STUDIES OF BENZENE 

Vehicle Control 25 mg/kg 50 mgfltg 	 100mgkg 

MALE 

Hyperplasia (Adrenal Capsule) 
Overall Rates 	 2/47 (4%) 32/48 (67%) 14/49 (29%) 4/46 (9%) 

Pheochromocytoma
Overall Rates 1/47(2%) 1/48(2%) 7/49 (14%) 1/46(2%) 

Adjusted Rates 2.9% 4.3% 30.0% 4.3% 

Terminal Rates 0127 (0%) 1/23 (4%) 3/18 (17%) 016 (0%)

Life Table Tests P =0.096 P =0.725 P=O.OlO P=0.632 

Incidental Tumor Tests P =0.540 P =  0.757N P =0.045 P=0.529N 


FEMALE 

Hyperplasia (Adrenal Capsule) 
Overall Rates 	 5/49 (10%) 19/44 (43%) 34/50 (68%) 30148 (63%) 

Pheoc hromocytoma 
Overall Rates 6/49 (12%) 1/44(2%) 1/50 (2%) 1/48(2%) 

Adjusted Rates 20.0% 3.8% 4.2% 5.9% 

Terminal Rates 6/30 (20%) 1/26 (4%) 1/24 (4%) 1/17 (6%) 

Life Table Tests P =0.097N P =0.080N P =0.097N P=0.192N 

Incidental Tumor Tests P =  0.097N P=O.080N P=0.097N P=0.192N 


Pheochromocytoma, Malignant 
Overall Rates 	 2/49 (4%) 0144 (0%) 0150 (0%) 0148 (0%) 

Pheochromocytoma or Pheochromocytoma, Malignant 
Overall Rates 8/49 (16%) 1/44(2%) 1/50(2%) 1/48(2%) 

Adjusted Rates 23.9% 3.8% 4.2% 5.9% 

Terminal Rates 6/30 (20%) 1/26(4%) 1/24(4%) 1/17 (6%) 

Life Table Testa P=0.030N P=0.030N P =0.036N P=O.O85N 

Incidental Tumor Testa P =0.018N P =0.033N P=O.O25N P =0.046N 


Hematologic Analyses 	 effect in males. A higher degree of temporal 
variability in pattern of response makes a 

Hematologic effects were limited to lymphocyto- 	 similar effect in females questionable. 
penia. For both males and females, the analyses 
of variance (Appendix N, Table N8) suggest 	 The NTP (Appendix G) found that benzene 
strong, temporally variable dose effects in the 	 administered by gavage induced micronuclei in 
second year of the studies (group B). Significant 	 male and female B6C3F1 mice; males were more 
dose effects are also evident for males in the first 	 sensitive than females (Choy et al., 1985). 
year. Figure 7 and Table N8 show the temporal 
variation in dose response in males to be mainly 	 A complete statistical analysis of all hematology 
the result of time-oriented changes in the mag- 	 data is available from the National Toxicology 
nitude of difference between vehicle control and 	 Program. The technical quality of certain of 
dosed groups. However, with the exception of 	 these data was questionable; thus, more detailed 
month 12 (group C),there is consistent evidence 	 analyses (e.g., investigation of the association 
of compound-related depression in lymphocytes 	 between hematologic and pathologic changes) 
in months 3 through 21,suggesting a compound 	 are deemed inappropriate for these data. 
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IV. DISCUSSION AND CONCLUSIONS 


DESIGN 

Two-year toxicology and carcinogenicity studies 
of benzene (99.7% pure) were conducted on 
groups of 50 F344/N rats and 50 B6C3F1 mice of 
each sex. Doses of 0, 50,100, or 200 mg/kg ben- 
zene were administered to male rats by gavage 
in corn oil, 5 days per week for 103 weeks. Doses 
of 0, 25, 50, or 100 mg/kg were administered to 
female rats and mice of each sex on the same 
schedule. Doses for the 2-year studies were se- 
lected after evaluation of 17-week studies in 
which groups of 10 or 15 rats and 10 or 15 mice of 
each sex were administered 0, 25, 50, 100, 200, 
400, or 600 mg/kg. The only clinical signs re- 
corded for these 3-month studies were lowered 
body weights and ocular discharge in rats and 
tremors in mice in the higher dosed groups; some 
lymphoid depletion was observed in rats and leu- 
kopenia in mice. 

BODY WEIGHTS AND SURVIAL 

Mean body weights of some groups of dosed rats 
and mice were lower than those of the vehicle 
controls, and survival of some dosed groups was 
significantly lower than that of the correspond- 
ing vehicle controls. For male rats, the mean 
body weights after week 22 decreased with dose. 
The mean body weights of the high dose male 

rats were notably lower than those of the vehicle 
controls, and mean body weights of mid and high 
dose male rats were slightly lower than those of 
the vehicle controls (see Table 5 and Figure 2). 
Mean body weights of female rats were slightly 
lower than those of the vehicle controls after 
week 62. 

Survival decreased with increasing dose for both 
male and female rats (Table 26). Survival of the 
high dose male rats and of the mid and high dose 
female rats was significantly lower than that of 
the vehicle controls; survival in all groups of 
rats, except high dose male rats, was 50% or 
more at 104 weeks. The reduced survival ob- 
served for the high dose group of male rats 
(16/50,32%) reflects to some degree a likely toxic 
response from the 200 mg/kg dose regimen, 
double the high dose used for the female rats and 
male and female mice (100 mg/kg). A partial 
reason for the apparent decrease in survival in 
dosed female rats is the greater than average 
survival seen for the vehicle controls (46/50, 
92%). Except for the survival of high dose fe- 
males (2560, 50%), the numbers of animals 
alive at  the end of the study for the low dose 
(38/50, 76%) and the mid dose (34/50, 68%) 
groups are considered to be good. In any event, 
survival a t  week 92 of all groups was 60% or 
more. Most rats that died early had neoplasia. 

TABLE 26. SURVIVAL OF F344/N RATS AND B6C3F1 MICE IN THE TWO-YEAR GAVAGE STUDIES 

Week 

RATS 

Male 
92 
104 

Female 
92 
104 

MICE 

Male 
91 
104 

Female 
91 
104 

OF BENZENE 

Vehicle Control 

35/50(70%)

32/50 (64%) 


49/50 (98%) 

46/50 (92%) 


38/50(76%)

28/50 (56%) 


39/50(78%)

30/50(60%) 


Low Dose Mid Dose High Dose 

38/50(76%) 31/50 (62%) 30/50(60%)
29/50 (58%) 25/50 (50%) (a)16/50(32%) 

42/50 (84%) 40/50(80%) 38/50(76%)
38/50(76%) (a)34/50(68%) (a)25/50(50%) 

34/50(68%) 35/50(70%) 32/50 (64%) 
23/50 (46%) 18/50 (36%) (a) 7/50(14%) 

35/50(70%) 40150(80%) 31/50 (62%) 
26/50 (52%) 24/50 (48%) (a)18/50 (36%) 

(a)Decreased (P<0.05)survival compared with vehicle controls 
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IV. DISCUSSION AND CONCLUSIONS 


Mean body weights of mid and high dose male 
mice and high dose female mice were lower than 
those of the vehicle controls. Survival of high 
dose male and female mice was significantly 
lower than that of the vehicle controls (see Table 
26). The lower survival of the dosed groups of 
mice may have been a consequence of the in- 
creased incidences of life-threatening lympho- 
mas and alveolarhronchiolar carcinomas in the 
dosed groups rather than a singular toxic effect 
of benzene. At week 92 (see Table 261, for in- 
stance, survival of all groups of mice was above 
60%. 

HEMATOLOGY 

Epidemiologic studies have shown that exposure 
of workers to benzene is associated with in- 
creased risk of aplastic anemia and of leukemia 
(IARC, 1982; Infante, 1978; Infante and White, 
1983; Grossenbacher and Lob, 1982; Decoufle et 
al., 1983; Aksoy, 1985; Infante and White, 1985; 
Rinsky et al., 1986). Benzene-associated leuko- 
penia has been reported in humans, AKWS 
mice, CD mice, and Wistar rats. 

The number of blood lymphocytes per cubic 
millimeter in C57BL/6 BNL mice exposed to 
benzene at 100 or 400 ppm by inhalation for 6 
hours per day, 5 days a week for 2 weeks, was 
40%-50% that of the controls. The number of 
blood lymphocytes was lower than that of the 
controls after 4, 8, or 16 weeks’ exposure a t  300 
ppm but returned to control levels 8-10 weeks 
after termination of exposure (Cronkite et al., 
1985). 

Benzene affected the hematopoietic system of 
F344/N rats and B6C3F1 mice in the current 17- 
week studies; dose-related leukopenia, predomi- 
nately a lymphocytopenia, was observed for rats 
and mice of each sex, and compound-related 
lymphoid depletion and increased extramedul- 
lary hematopoiesis in the spleen were observed 
in rats of each sex. 

Reportable hematologic data, as well as the 
blood collection techniques and attendant prob- 
lems together with the conclusions reached for 
the 2-year studies, are recorded in Appendix N. 
Any interpretation of the hematologic data from 
these studies should be made with appropriate 

caution, since several variables were outside 
their appropriate range during the course of 
these investigations and in several instances, 
atypical vehicle control group values were 
obtained. In the opinion of NTP, hematologic ef- 
fects considered reasonably interpretable are 
limited to lymphocytopenia and associated leu- 
kocytopenia in benzene-exposed rats and mice. 
Attempts to correlate hematologic changes with 
pathologic changes would not be appropriate, 
since the quality of the large amounts of hemato- 
logic data that were generated remains ques- 
tionable. Those indexes that deserve reporting 
are described below. 

For the 2-year studies, leukopenia was observed 
in dosed male rats during the early part of the 
study, and values returned near control levels at 
the 21-month collection (Appendix N). In dosed 
female rats, leukopenia was evident between the 
3rd and 12th months. In male vehicle control 
mice, the white blood cell counts were greater 
than expected a t  the 6- and 9-month collections 
and could give a misimpression of the compound- 
related leukopenia; similarly, high vehicle 
control group values for males were noted a t  18 
and 21 months. In dosed female mice, benzene- 
related leukopenia was observed a t  12 and 18 
months and lends support to the possibility that 
the decreases seen in the male mice might have 
been associated with benzene administration as 
well. 

A dose-related lymphocytopenia was evident in 
male rats from 3 to 21 months (Appendix N). A 
similar, yet lesser effect was seen in female rats. 
For male mice, a decrease in lymphocytes was 
seen at  the 3- through 9-month interval (Group 
C) and during the 12- through 21-month period 
(Group B). The lymphocytopenia was evident for 
female mice between 12 and 18months. 

Thus, exposure of rats and mice to benzene in 
these studies produced a mild to moderate leu- 
kocytopenidlymphocytopenia. How this effect 
influences the other observed toxic and patho- 
logic responses remains unknown. 

PATHOLOGY 

Increased incidences of neoplasms were observed 
a t  multiple sites for male rats, female rats, male 
mice, and female mice (Tables 27-29). 
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TABLE 27. INCIDENCES OF SELECTED NONNEOPLASTIC OR NEOPLASTIC LESIONS IN THE TWO-YEAR GAVAGE STUDIES OF BENZENE 

Rats Mice 

Male Female Male Female 


Veh LoW Mid High Veh LoW Mid HW v e h  LoW Mid High v e h  LoW Mid HW
Cont Dose Dose Dose .Cant Dose Doee Dose Cont Dose Dose Dose Cont Dose Dose Dose 

Zymbal Gland 
Hyperplasia 0132 6/46 2/42 3/42 0145 0140 6/44 1/46 0143 3/34 12/40 10M9 1/43 1/32 2/37 6/31Carcinoma 2/32 6/46 10142 17/42 0145 5J40 5/44 14/46 0143 1/34 4/40 21/39 0143 0/32 1/37 3/31 

Hematopoietic System
Soleen. IvmDhoid 

aepletiin 0149 19/48 8/47 23/41 0150 11/50 8/49 10149
Bone marrow, 

h perplasia 0149 11/48 10150 25/49 3/49 14/45 8/50 13/49Mayipant lymphoma 4/49 9/48 9/50 15149 15/49 24/45 24/50 20149 
Forestomach 

Hyperkeratosis 2/48 4/44 3/48 9/47 1/45 7/42 4/44 0138 0142 1140 5/45 7/42Acanthosis 2/48 4/44 3/48 10147
Squamoue cell papilloma 2/45 1/42 2/44 5/38 1/42 3/40 6/45 5/42Squamous cell carcinoma 0146 1/42 1144 1/38 

Adrenal Gland 
Zona faaciculata (focal 


hyper lasia) 0150 13/49 0148 2/49 0150 15/50 0147 0149

Hyperprasia of 

capsule 2/41 32/48 14/49 4/46 5/49 19/44 34/50 30140Pheochromocytoma 1/41 1/48 7/49 1/46 6/49 1/44 1/50 1/48 
Oral Cavity 

Squamous cell papilloma 

or carcinoma 1/50 9/50 16/50 19/50 1 I50 5/50 12/50 9/50 


Lun 
Ayveolar hyperplasia 2/49 3/48 7/50 10149 1/49 1/42 9/50 6/49AIB adenoma 6/49 6/48 8/50 12/49 4/49 2/42 5/50 9/49A/B carcinoma 5/49 11148 12150 14/49 0149 3142 6/50 6149AIB adenoma or carcinoma 10149 16/48 19/50 21/49 4/49 5/42 10150 13/49 

Skin 
Squamous cell

papilloma or 
carcinoma 0150 1/50 4/50 11/50 

Liver 
Adenoma 2/50 2/48 4/49 1/49 0150 3/49 1/50 0150 7/49 11/48 6/50 3/47 1/49 8/44 5/50 4/49Adenoma or carcinoma 2/50 2/40 5/49 1/49 15/49 17/48 22/50 11/47 4/49 12/44 13/50 1/49 

Harderian Gland 
Focal hyperplasia 0149 5/46 11/49 1/40 5/48 10144 11/50 9/41Adenoma 0149 9/46 13/49 11/48 5/48 6/44 10150 6/41Adenoma or carcinoma 1/49 10146 13/49 14/48 5/48 6/44 10150 10147 

Pre  udal Gland 
ti'y perpiasia 1/21 18/28 9/29 1/35

Carcinomas 0121 5/20 19129 31135 


ovary
Granulosa cell tumor 1/47 1/44 6/49 7148
Beni n mixed tumor 0147 1/44 12/49 7/48
Tubular adenoma 0147 1144 3/49 3/48 

Mammary Gland 
Carcinoma 0149 2/45 5/50 10149
Carcinosarcoma 0149 0145 1/50 4/49 



TABLE 28. PRIMARY NEOPLASMS IN F344/N RATS IN THE TWO-YEAR GAVAGE STUDIES O F  
BENZENE 

Site Vehicle Control Low Dose Mid Dose High Dose 

(percentof neoplasm-bearing animals) 
MALE 

Oral cavity 
Zymbal gland 
Skin 

FEMALE 

Oral cavity 
Zymbal gland 
Uterus 

(a)2 
(a) 0 

!a) 14 

(Cl 10 
(b) 13 

14 

(b)24 
ib) 14 

14 

(b) 18 
ib) 33 
(b) 28 

(a) Dose-related trend (P<0.05) 
(b) Increased (P<0.05) relative to vehicle controls 
(c)Marginal increase (P<O.lO)relative to vehicle controls 

TABLE 29. PRIMARY NEOPLASMS IN B6C3F1 MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
BENZENE 

Site Vehicle Control Low Dose Mid Dose High Dose 

(percentof neoplasm-bearing animals) 
MALE 

Zymbal gland 
Preputial gland 
Harderian gland 
L u g
Lymphomalleukemia (a)8 
Liver 31 

FEMALE 

Zymbal gland (a)0 
Ovary (a)2 
Mammary gland (a)0 
Harderian gland ia) 10 
Lung (a)8 
Lymphomdeukemia (a) 31 
Liver 8 

(a)Dose-related trend (P<0.05) 
(b)Increased (P<0.05) relative to vehicle controls 
(e)Marginal increase (P<O.lO) relative to vehicle controls 
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IV. DISCUSSION AND CONCLUSIONS 


Compound-related effects on the hematopoietic 
system, Zymbal gland, forestomach, and adrenal 
glands were found for both rats and mice. The 
oral cavity was affected in rats only; and the 
lung, liver, harderian gland, preputial gland, 
ovary, and mammary gland were affected in 
mice only. 

Hematopoietic System: As was seen in the 17- 
week studies, lymphoid depletion of the spleen 
was observed a t  increased incidences in dosed 
male and female rats (see Table 27); lymphoid 
depletion of the thymus was seen in dosed male 
rats. Bone marrow hematopoietic hyperplasia 
was observed at  increased incidences in dosed 
mice of each sex. 

The incidences of malignant lymphomas in all 
dose groups of mice were greater than those of 
the vehicle controls. Benzene-associated neo- 
plastic effects on the hematopoietic system were 
not observed in male or female rats. The inci- 
dences of mononuclear leukemia in dosed male 
rats were not different among dosed and vehicle 
control groups. In high dose female rats, the in- 
cidence of mononuclear cell leukemia (9150) was 
somewhat greater than that in the vehicle con- 
trols (6/50); this increase was significant by the 
life table test (Appendix E, Table E2). These in- 
cidences are in the range of incidences observed 
in vehicle control female F344/N rats a t  the 
same laboratory (8/50-13/50) and therefore are 
not considered to be clearly related to adminis- 
tration of benzene. Further, the rates in concur- 
rent vehicle controls are somewhat low com- 
pared with historic rates. Phenol, the primary 
metabolite of benzene, increased the incidence of 
mononuclear cell leukemia in male F344/N rats 
that received 2,500 ppm phenol in drinking 
water for 2 years, but this increase was not seen 
in male F344/N rats that received 5,000 ppm (ve- 
hicle control, 18/50, 36%; low dose, 30/50, 60%; 
P<0.02; high dose, 25/50, 50%[NCI, 1980; Huff, 
19831). 

Zymbal Gland: Groups of modified sebaceous 
glands are located in the region of the external 
auditory canal in rats and mice and were orig- 
inally described in 1933 by W. Zymbal and by C. 
Zawisch-Ossenitz apparently independently 
(Pliss, 1973). Some see a correspondence be- 
tween the sebaceous Zymbal gland and the 

modified sebaceous ceruminous gland in 
humans (glands in the skin of the external au- 
ditory canal that secrete the watery component 
of the cerumen); others consider this relation as 
tenuous at  best. Yet Pliss (1973) wrote that tu- 
mors of the auditory sebaceous glands in rats 
[and mice] are similar to tumors of the sebaceous 
glands in humans. Tumors of the auditory seba- 
ceous (Zymbal) glands are uncommon (less than 
1%) in F344/N rats and B6C3F1 mice (Haseman 
et al., 1984). These neoplasms usually arise a t  
the base of the ear, often invading the ear canal, 
and have both sebaceous and squamous differen- 
tiation. Pohl and Fouts (1983) found cytochrome 
P-450-dependent enzyme activity in homog
enates of Zymbal glands from P-naphthoflavone- 
treated rats and mice. These authors suggested 
that chemical carcinogens can be metabolized to 
their initiating products in this gland. 

The incidences of Zymbal gland carcinomas in 
mid and high dose male rats and in low, mid, and 
high dose female rats were greater than those in 
the vehicle controls (Table 30; see Tables 28 and 
29) and exceeded the greatest incidences ob- 
served in corn oil vehicle historical controls (Ap- 
pendix F, Table F21). The incidences of Zymbal 
gland carcinomas were significantly increased 
in mid and high dose male mice and in high dose 
female mice. In mid and high dose male mice 
and in high dose female mice, the incidences of 
epithelial hyperplasia of the Zymbal gland were 
also increased. The possible early occurrence 
and progression of these lesions was investiga- 
ted by an  examination of the Zymbal glands 
from the 10 animals per group killed after 12 
months’ exposure; no nonneoplastic or neoplastic 
pathologic effects were observed. One mid dose 
(50 mg/kg) female mouse had a small focus of 
acute inflammation. 

Maltoni and Scarnato (1979) first reported 
Zymbal gland tumors in female (but not male) 
Sprague-Dawley rats exposed to benzene a t  50 
mg/kg (two tumors in 30 rats) and 250 mg/kg 
(5/32); control rats in this colony reportedly had 
a background incidence of 0.9% (Maltoni et al., 
1983). In later inhalation experiments, Maltoni 
et al. (1982c, 1983, 1985) reported increases in 
Zymbal gland carcinomas; incidences in 
Sprague-Dawley rats appear to be: male-
control, 0.6%; 200 ppm, 1.4%; 300 ppm, 5.3%; 
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TABLE 30. SUMMARY OF PRIMARY NEOPLASMS IN F344/N RATS AND B6C3F1 MICE IN THE TWO
YEAR GAVAGE STUDIES OF BENZENE 

Rats Mice 

Male Female Male Female 


Zymbal gland + + 
Oral cavity + + 
Skin + 

+ = Increase relative to vehicle controls 

f = Marginal increase relative to vehicle controls 
- = No difference from vehicle controls 

NA = Notapplicable 


female--control, 1.7%; 200 ppm, 1.7%;300 ppm, 
5.6%. Results from both inhalation and oral 
studies of Maltoni confirm the carcinogenic re
sponse of the Zymbal gland to benzene. 

Skin: Benzene was associated with increased in- 
cidences of neoplasms of the oral cavity and skin 
of rats but not of mice (Table 30; see Tables 27 
and 28). The incidences of squamous cell papil- 
lomas and squamous cell carcinomas of the skin 
in high dose male rats were greater than those 
in the vehicle controls and than those in the corn 
oil vehicle historical controls (Table F5). 

These neoplasms of the skin and oral cavity in 
rats exposed to benzene are unusual in that ad- 
nexal and squamous elements are present. Even 
though these adenosquamous lesions contain 
sebaceous elements, they are distinct from the 
background sebaceous adenomas sometimes ob- 
served and appear to represent a benign form of 
an unusual benzene-related skin neoplasm. The 
skin neoplasms were considered to be a systemic 
effect of benzene metabolites, although the skin 
could have been topically exposed by the rats’ 
grooming or by their exhaling unchanged ben- 
zene or its metabolites. Because benzene has 
been shown conclusively in numerous 
experiments not to induce skin tumors when 
applied topically, these skin lesions probably 
resulted from systemic exposure from reactive 
intermediates or from excretion of metabolites 
in saliva and then grooming. A less likely, yet 

Zymbal gland + + 
Lymphoma + + 
Lung + + 
Harderian gland + -+ 
Mammary gland - + 
Preputial gland + NA 
Forestomach f f 
Ovary NA + 
Liver - k 

possible, explanation for the oral lesions would 
be that intermediates are excreted by skin and 
thus the animals are exposed orally when they 
lick the skin. The increased incidences of un- 
common squamous cell papillomas and squa- 
mous cell carcinomas of the oral cavity (includ- 
ing the palate, lip, and tongue) of dosed rats of 
each sex were probably due to a systemic effect 
of benzene-reactive intermediates. Squamous 
cell carcinomas of the oral cavity were also re- 
ported for Sprague-Dawley rats administered 
500 mg/kg benzene by gavage for 104 weeks 
(Maltoni et al., 1983). 

Lung: Administration of benzene was associated 
with increased incidences of alveolar epithelial 
hyperplasia in mid and high dose groups of male 
and female mice, increased incidences of alveo- 
larlbronchiolar carcinomas and alveolarhron- 
chiolar adenomas or carcinomas (combined) in 
high dose male mice, alveolarlbronchiolar ade- 
nomas in high dose female mice, and alveolar/ 
bronchiolar carcinomas in mid and high dose fe- 
male mice (Table 30; see Tables 27 and 29). The 
increased incidences of alveolar/ bronchiolar 
neoplasms most likely result from a systemic ef- 
fect of benzene rather than from a topical effect 
as a result of exhalation of unchanged benzene. 
Regardless of the route of exposure, benzene is 
apparently eliminated both in the expired air  
and in the urine (Rusch et al., 1977). For in- 
stance, 40% of a single oral dose of benzene was 
reported to be exhaled unchanged from the lungs 
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of rabbits (Parke and Williams, 1953); 70% of 
the benzene given subcutaneously to mice was 
found in expired air (Snyder, 1974). 

Harderian Gland First described by J. Harder 
in the 1600’s, harderian glands are salt-secret- 
ing accessory lacrimal glands at the inner corner 
of the eye in vertebrates that have well-
developed nictitating membranes; these excrete 
an  unctuous fluid that facilitates the movement 
of the third eyelid. These glands are rudi
mentary in humans (Dorland, 1974). The har- 
derian gland is racemose and horse-shoe shaped 
and lies deep within the orbit. The smaller arm 
lies superior to the larger arm, and these arms 
are connected by a narrow band. A single ex- 
cretory duct opens at  the base of the nictitating 
membrane (Tucker, 1979). The color of the 
gland varies from pink to dark grey. The gland 
is thought to produce and excrete porphyrin. 

Focal hyperplasia of the harderian gland was 
observed at increased incidences in dosed mice of 
each sex (see Tables 27 and 29). The incidences 
of harderian gland adenomas and adenomas or 
carcinomas (combined) in dosed male and in 
high dose female mice were greater than those 
in the vehicle controls. The incidences in the 
mid and high dose female mice were greater 
than those previously observed in corn oil vehi- 
cle controls (10/50 and 10/47 vs 2/50; Table F18); 
the incidence in the concurrent controls (5/48) is 
also greater than that previously observed. 

Harderian glands were examined from the 10 
animals per group killed at  12 months. Mild 
localized epithelial hyperplasia was observed in 
1/10 female vehicle controls, 1/10 low dose 
males, and 1/10 mid dose females; the mid dose 
female had a small adenoma near the hyper- 
plastic focus. One of 10 low dose females had a 
small focus of necrosis and acute inflammation. 
One mid dose male had a small adenoma. 

Preputial Gland Administration of benzene to 
male mice was associated with significantly 
increased incidences of hyperplasia and squa- 
mous cell carcinomas of the preputial gland (see 
Tables 29 and 30). The incidences of squamous 
cell carcinomas in the mid dose (19/50)and high 
dose (31/49) groups greatly exceed the overall 
historical incidence (1/1,090). A possible 

explanation for this effect could be similar to 
that for the systemic mediated skin and oral 
cavity lesions seen in rats. However, the poten- 
tial effects of benzene exposure by grooming can- 
not be fully discounted. No increases were ob- 
served for this lesion in male rats. Likewise, no 
increase in neoplasia was observed in the cli- 
toral gland of female mice or rats (histo
genetically related to the preputial gland). 

Ovary: Increased incidences of various uncom- 
mon nonneoplastic and neoplastic lesions of the 
ovary (papillary cystadenoma, luteoma, granu- 
losa cell tumors, tubular adenomas, benign 
mixed tumors, epithelial hyperplasia, and senile 
atrophy) were observed in benzene-exposed fe- 
male mice (see Tables 27 and 29). The inci- 
dences of granulosa cell tumors in the high dose 
group and benign mixed tumors in mid and high 
dose female mice were increased compared with 
those in the vehicle controls. Benign mixed tu- 
mors and tubular adenomas of the ovary have 
not been reported previously in 1,028 corn oil ve- 
hicle female mice controls (Appendix F, Table 
F17), whereas the historical incidence of granu- 
losa cell tumors or carcinomas is 3/1,028 as 
compared with 8/48in the present study. 

Mammary Gland: Incidences of carcinomas of 
the mammary gland in mid dose and high dose 
female mice and carcinosarcomas in high dose 
female mice were increased (see Tables 27 and 
29). No comparable effects were seen in male 
mice or in male and female rats. Similarly, no 
increases in any nonneoplastic lesion were seen 
in any group. 

Forestomach: Hyperkeratosis and acanthosis in 
the nonglandular stomach were observed a t  in- 
creased incidences in high dose male rats (see 
Table 27; Appendix C,Table C l ) .  The incidences 
of hyperkeratosis in low dose male mice and mid 
and high dose female mice were greater than 
those in the vehicle controls. Although the inci- 
dences of squamous cell papillomas in high dose 
mice of each sex were not statistically greater 
than those in the vehicle controls, the incidences 
of these uncommon neoplasms in mice are no- 
ticably greater than those observed in corn oil 
vehicle historical controls. No “irritation” re- 
sponse and no neoplastic effects were observed in 
rats. Thus, the increased incidences of 
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squamous cell papillomas of the forestomach in 
mice may have been related to the 
administration of benzene. 

Adrenal Gland Focal hyperplasia of the zona 
fasciculata of the adrenal gland was observed a t  
increased incidences in low dose rats of each sex 
(see Table 27). Hyperplasia of the adrenal cap- 
sule occurred at increased incidences in dosed 
mice of each sex. The incidence of pheochromo
cytomas in mid dose male mice was greater than 
that in the vehicle controls and in corn oil ve- 
hicle historical controls. In contrast, in dosed fe- 
male mice, the incidence of pheochromocytomas 
was lower than that in the vehicle controls. 

Liver: The incidences of heptocellular adenomas 
in low dose female mice and of hepatocellular 
adenomas or carcinomas (combined) in low and 
mid dose female mice were increased in compari- 
son to those in the vehicle controls (see Tables 27 
and 29). These incidences were greater than 
those previously observed in corn oil vehicle con- 
trols (Table F15). In male mice, the number of 
hepatocellular carcinomas in the mid dose group 
was marginally higher than that in the vehicle 
controls by the life table test W49 versus 17/50) 
but was not statistically increased by the appro- 
priate adjusted analysis (incidental tumor test). 
Maltoni et al. (1983) reported that hepato
cellular carcinomas were associated with inhala- 
tion exposure of Sprague-Dawley rats to benzene 
a t  200-300ppm for 4-7hours per day for up to 
104 weeks. In the current studies, the inci- 
dences of liver cell proliferative lesions were 
comparable among dosed and vehicle control 
groups of F344/N rats (Appendix C,Tables Cl 
and C2);a slight increase was observed for clear 
cell changes in mid dose male rats. 

Most of the increased incidences of neoplasia 
were quite evident, and the statistical signifi
cance did not depend on which test procedure 
was used. However, for other lesions, the find- 
ings were considered marginal. For example, 
certain neoplasms generally regarded as non
lethal showed significant increases by life table 
analysis but not by the more appropriate 
incidental tumor test; these neoplasms included 
squamous cell papillomas of the forestomach in 
male and female mice. Nonetheless, these neo- 
plasms are relatively uncommon in B6C3F1 

mice ( <1%) and are probably associated with 
benzene administration; further, in both concur- 
rent vehicle control groups, the incidences were 
somewhat high (male, 2/45;female, 1/42). In 
addition, some tumors showed apparent in
creases a t  lower doses which were not supported 
by similar high dose effects: hepatocellular ade- 
nomas or carcinomas in male and female mice 
and pheochromocytomas of the adrenal gland in 
male mice. Biologically, these must be con
sidered as being possibly related to benzene ex- 
posure, given that the survival in the high dose 
groups was uniformly lower than that in vehicle 
controls, and hence perhaps these groups could 
have had reduced sensitivity for exhibiting a 
carcinogenic response. Also, pharmacokinet- 
ically, saturation of activatiorddeactivation sys- 
tems do not allow consistent prediction as to 
which pathway will prevail. In any event, in- 
creased incidences of these tumors were consid- 
ered not to be clearly due to benzene exposure. 

The variety and multiplicity of toxic/carcino- 
genic responses to benzene exposure observed in 
these rodent studies raise the question of why 
the previous 10-15experiments (6 dermal, 4 in
halation, 4 injection; IARC, 1982)failed to detect 
benzene-induced carcinogenicity. At least two 
possible explanations exist. Most of the earlier 
reported studies were less than adequate in com- 
parison to current protocols and designs for 
showing no evidence of carcinogenicity; defi- 
ciencies included, for example, too few animals, 
no control animals, short-duration, low-level ex- 
posures, and so on. In addition, because it was 
known that benzene caused hematotoxicity in 
rodents and humans (including leukemia), a 
number of Iong-term studies by design did not 
include or report complete pathologic results; 
the possible implication is that major or singular 
emphasis was placed on the hematopoietic 
system, and lesser consideration was given to 
other organs or systems, thus accounting for the 
apparent lack of carcinogenic responses (or 
sensitivity) from rodents exposed to benzene. 

More recent studies have been reported which 
collectively begin to accumulate evidence that 
benzene is indeed carcinogenic to laboratory 
animals and, in particular, to rats and mice 
(Maltoni and Scarnato, 1979;Snyder et al., 1980, 
1984; Goldstein et al., 1982; Maltoni et al., 
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1982a,b,c, 1983; Sellakumar et al., 1984). In
dividually, most of these studies provided mar- 
ginal or speculative evidence. Maltoni et al. 
(1985) summarized convincing evidence from a 
series of experiments done in different species by 
both the oral and inhalation routes of exposure. 

METABOLISM OR METABOLITES 

Metabolism probably occurs most rapidly in the 
liver, where benzene is converted to benzene 
oxide (Figure 8; IARC, 19821, rearranges to form 
phenol, reacts with glutathione to form a pre- 
mercapturic acid, or is hydrated to the dihydro- 
diol and then oxidized to catechol. Hydro
quinone is also formed from phenol. Various 
benzoquinones are formed from the two dihy- 
droxy metabolites. A lesser pathway proposed 
by Parke and Williams (1953) includes ring 
opening to muconaldehyde and muconic acid 
(Gibson et al., 1970; Rusch et al., 1977). Whether 
this takes place only in the gastrointestinal tract 
after oral administration remains unknown. 
Goldstein et al. (1982) offer the possibility of 
“ring expansion” to “benzene oxide-oxepin.” 
Considering that benzene apparently lacks 
direct-acting mutagenicity or carcinogenicity, 
together with the apparent absence of (or weak) 
carcinogenic responses of the tested metabolites 
(see Introduction), one could speculate that “pre- 
phenol” benzene metabolic derivatives may 
possess or contribute to the observed toxictcar- 
cinogenic properties. As early as 1949, Porteous 
and Williams (see Neuberger and Smith, 1983) 
argued that the toxic effects of benzene are 
related to its metabolites, and the authors 
separated these into toxic (free phenols) and 
nontoxic (conjugates) phases. Since then, a 
number of studies have been published by 
Williams and coworkers on benzene and other 
chemicals (Neuberger and Smith, 1983). In 
addition, the bone marrow has been shown to 
convert benzene to its known metabolites 
(Andrews et al., 1979; Irons et al., 1980). Irons 
et al. (1980) “clearly establish the capability of 
bone marrow to metabolize benzene independent 
of metabolism of the compound by the liver.’’ 
The authors stress, however, that recovered 
metabolites represented considerably less than 
1% of the benzene administered to male F344/N 

rats. Certain benzene intermediates or com
binations thereof (see Figure 8)probably repre- 
sent the toxic moiety or (composite) of benzene. 

Nonetheless, evidence exists that metabolic pro- 
duction of reactive intermediates is required for 
expressing benzene-induced toxicity and prob- 
ably carcinogenicity as well. As yet, the “active” 
chemical or chemicals have not been identified 
conclusively. Further metabolism studies in 
which the doses administered are the same as 
those used in these current studies should 
permit better determination of altered metabo- 
lism -- types and amounts of metabolites and 
pathways. The speculation that “pre-phenol” in- 
termediates (or a cumulative metabolic effect) 
cause the observed benzene-associated toxicities 
remains to be proven. 

GENETIC TOXICOLOGY 

Rickert et al. (1979) showed that after rats were 
exposed to benzene, catechol and hydroquinone 
were retained in the bone marrow a t  higher con- 
centrations and for longer times than phenol. 
Catechol and hydroquinone (or their metabo- 
lites) can be concentrated in bone marrow and 
lymphoid organs (Greenlee et al., 19811, and 
reports suggest that the toxicity of benzene may 
be related to the concentration of catechol and 
hydroquinone in bone marrow (Irons and Pfeif‘er, 
1982). 

The NTP (Appendix G) found that benzene 
administered by gavage induced micronuclei in 
male and female B6C3F1 mice; males were more 
sensitive than females (Choy et al., 1985). 

Although catechol and hydroquinone can induce 
sister-chromatid exchanges (SCE’s) in human 
lymphocytes in vitro, benzene itself induces 
SCE’s in vitro only after metabolic activation 
(Morimoto et al., 1983; Morimoto, 1983). In 
addition, Tice et al. (1982) and Erexson et al., 
(1985) have shown that benzene requires 
metabolic transformation in order to induce 
SCE’s in bone marrow cells of mice in vitro. 

Hydroquinone is not mutagenic in Salmonella 
(Epler et al., 1978; Florin et al., 1980; Gocke et 
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FIGURE 8. PATHWAYS OF BENZENE METABOLISM AND EXCRETION 

Adapted from Parke and Williams, 1953;Laskin and Coldstein, 1977;Goldstein et  al., 1982;Irons and Pfeifer, 1982;Pfeifer and 
Irons, 1983;Erexson e t  al., 1985;Sawahata e t  al., 1985.Values in parentheses are percentages of metabolic products detected 
in urine of animals (rabbits, rats, mice, dogs) or humans. Asterisks denote putative or demonstrated alkylating activity toward 
intracellular nucleophiles AHH = aryl hydrocarbon hydroxylase; UDPG = uridine diphosphate glucuronyl transferase; PAPS 
= 3'-phospho-adenosine-5'-phosphosulfate. Dashed lines indicate putative pathways. trans, trans-Muconaldehyde is a 
postulated intermediate. 
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al., 1981; Appendix G, Table G3). Hydroquinone 
induced SCE’s in Chinese hamster ovary (CHO) 
cells (Table G4) and in cultured human lympho- 
cytes (Morimoto and Wolff, 1980; Morimoto et 
al., 1983). In addition, hydroquinone also in- 
duces micronuclei in mice in vivo (Gocke et al., 
1981; Tunek et al., 1982). 

Catecho‘l induced SCE’s in cultured human 
lymphocytes (Morimoto and Wolff, 1980; Mori- 
mot0 et al., 1983) and chromosomal aberrations 
in CHO cells (Stich et al., 1981). Tunek et al. 
(1982) found that catechol failed to induce micro- 
nuclei in mice in vivo. Wild et al. (1981) re- 
ported in an abstract that catechol did induce 
micronuclei in mice, but no data were presented. 

Because these phenolic metabolites do not react 
with DNA or other biomacromolecules, because 
human lymphocytes have mixed-function oxi- 
dases (MFO’s) and can metabolize many 
phenolic compounds (Selkirk et al., 1975; Nebert 
and Jensen, 19791, and because benzene can be 
metabolized to these phenolic derivatives in 
bone marrow in situ (Irons et al., 19801, Tunek et 
al. (1980) and Morimoto et al. (1983) have sug- 
gested that compounds formed by further 
metabolism of catechol and hydroquinone might 
be responsible for the biologic effects of benzene. 
These authors did not mention benzene oxide or 
other potential metabolites formed before the 
phenolic stage. 

Morimoto et al. (1983) observed that rat liver S9 
enhanced the ability of catechol and hydro- 
quinone to induce SCE% in cultured human 
lymphocytes. Tunek et al. (1978, 1980) have 
shown that hydroquinone is further converted 
to p-benzosemiquinone and p-benzoquinone. 
These metabolites of hydroquinone, in addition 
to the metabolites of catechol (presumably 
o-benzoquinone and o-hydroxy-p-benzosemiqui
none), may contribute to the genetic toxicity 
induced by benzene. 

Numerous studies have documented a variety of 
chromosomal aberrations in humans who have 
benzene-associated myelotoxicity. Almost all 
humans with benzene-associated leukemia were 
exposed to other chemicals, although exposure to 
benzene was common to all. The possibility 
exists, albeit equivocally, that other chemicals 

in addition to benzene may have been involved 
in the development of the leukemia, and this 
possibility could help explain the failure to re- 
produce benzene-associated leukemia in the pre- 
sent NTP studies or in other such studies in ex- 
perimental animals (Dean, 1978); nonetheless, 
benzene caused lymphomas in both sexes of mice 
(see Table 29) in these studies. Cronkite et al. 
(1984, 1985) report an increase in lymphomas in 
female C57BL/6 mice exposed a t  300 ppm for 16 
weeks and observed until death. These authors 
suggest that prolonged exposures may suppress 
the incidence in lymphomas or shorten the life 
span of mice, so lymphomas cannot be observed. 
Even so, perhaps rodents may not be adequate 
models for human leukemogenesis. The malig- 
nant cells of most neoplasias, including lympho- 
mas and leukemias, have chromosomal ab
normalities, and for most, specific chromosomal 
defects are associated with specific neoplasias 
(Yunis, 1983). As yet, the advanced chromosome 
banding techniques have not been applied to 
benzene-exposed humans. Thus, the association 
of specific chromosomal abnormalities with 
various benzene-associated neoplasias awaits 
further study. 

Another unexplained disparity is the observa- 
tion that benzene (or metabolites) causes cyto- 
genetic abnormalities, such as chromosomal 
aberrations, SCE’s, and micronuclei, but does 
not cause gene mutations. All of the positive re- 
sults obtained with benzene have been obtained 
from in vivo systems, and all of these systems 
measure a cytogenetic endpoint. The reason is 
that there are no in vivo, somatic-cell, gene-mu- 
tation assays that have been used with an exten
sive number and variety of classes of chemicals. 
Such assays are being developed, and it will be 
interesting to see if benzene is positive in such 
an  assay. If it is not, then benzene will have the 
distinction of being one of the few chemicals 
known which is solely a clastogen (an agent that 
breaks chromosomes) but does not cause muta- 
tions. If benzene is capable of inducing gene 
mutation in vivo, then the disparity between the 
positive in vivo cytogenetic results and the nega- 
tive in vitro gene mutation results would be 
explained by the fact that reactive metabolites of 
benzene are formed in vivo. Therefore, an in 
vivo assay is required to detect gene mutations 
that are induced by these metabolites. Further 
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work should resolve this disparity. These and 
other genetic toxicology studies on benzene have 
been summarized by Dean (1985). 

INITIATED EXPERIMENTS 

To further investigate the role of metabolism in 
the toxicology and carcinogenesis of benzene, 
NTP has initiated studies that involve both oral 
and inhalation exposure to benzene in F344/N 
rats and in B6C3F1 mice. Animals will be ex- 
posed for 5 days to radioactively labeled benzene 
over a wide dose range, the highest dose to ex- 
ceed that used in these carcinogenicity studies. 
Tissue distribution and excretion will be com- 
pared and benzene metabolites (including 
phenol, catechol, hydroquinone, and muconic 
acid) quantitated in identified target organs and 
excreta. Binding of benzene metabolites to DNA 
and other macromolecules will be investigated. 
In addition, the effect of dose rate in inhalation 
exposures on metabolism and distribution will 
be examined. These studies should help answer 
the question of whether dose-response rela
tionships are linear at levels similar to those in- 
volved in occupational exposure. Equally, re- 
sults from these experiments will aid in 
determining whether species and/or strain dif- 
ferences in pharmacokinetic parameters corre- 
late with those observed in benzene carcino- 
genesis. Cytogenetic effects of benzene exposure 
over the wide dose range will also be inves- 
tigated. Morphologic and genetic endpoints will 
be correlated with the levels of benzene and me- 
tabolites present in the peripheral blood cells 
and in bone marrow. 

In summary, benzene has been long recognized 
as  a hazardous chemical in the workplace and to 

a lesser extent in the general environment. A 
positive association has been established be- 
tween occupational exposure to benzene and 
aplastic anemia and acute myelogenous leu
kemia in workers. Definitive evidence now 
exists that benzene induces neoplasia in labora- 
tory rodents (see Table 30). Whether one or 
several metabolites (alone or in combination 
with benzene) induce the toxic, mutagenic, and 
carcinogenic effects awaits further study. 

CONCLUSIONS 

Under the conditions of these 2-year gavage 
studies, there was clear evidence of  carcino
genicity* of benzene for male F344/N rats, for 
female F344/N rats, for male B6C3F1 mice, and 
for female B6C3F1 mice. For male rats, benzene 
caused increased incidences of Zymbal gland 
carcinomas, squamous cell papillomas and squa- 
mous cell carcinomas of the oral cavity, and 
squamous cell papillomas and squamous cell 
carcinomas of the skin. For female rats, benzene 
caused increased incidences of Zymbal gland 
carcinomas and squamous cell papillomas and 
squamous cell carcinomas of the oral cavity. For 
male mice, benzene caused increased incidences 
of Zymbal gland squamous cell carcinomas, 
malignant lymphomas, alveolarhronchiolar car- 
cinomas and alveolarhronchiolar adenomas or 
carcinomas (combined), harderian gland adeno- 
mas, and squamous cell carcinomas of the pre- 
putial gland. For female mice, benzene caused 
increased incidences of malignant lymphomas, 
ovarian granulosa cell tumors, ovarian benign 
mixed tumors, carcinomas and carcinosarcomas 
of the mammary gland, alveolarhronchiolar 
adenomas, alveolarhronchiolar carcinomas, and 
Zymbal gland squamous cell carcinomas. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
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IN RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGESTUDYOFBENZENE 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

~ -~~ ~ 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN (50)

UNDIFFERENTIATED CARCINOMA 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
TRICHOEPITHELIOMA 
SEBACEOUS ADENOMA 
ADENOSQUAMOUS CARCINOMA 1 (2%) 
KERATOACANTHOMA 2 (4%) 
FIBROSARCOMA 

SQUAMOUS CELL CARCINOMA, INVASIVE 
SQUAMOUS CELL CARCINOMA, METASTATIC 
FIBROMA 4 (8%)
FIBROSARCOMA 1 (2%) 
FIBROUS HISTIOCYTOMA, MALIGNANT 
LIPOMA 
OSTEOSARCOMA 
NEUROFIBROMA 1 (2%)
NEUROFIBROSARCOMA 

*SUBCUT TISSUE (50) 

(50) 

2 (4%) 
5 (10%) 
3 (6%) 
3 (6%) 

2 (4%)
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

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

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

(50) 

(50) 
1 (2%)
5 (10%) 

t 8  (16%) 
1 (2%) 

1 (2%) 
1 (2%) 
4 (8%) 
3 (6%) 

1 (2%) 

(50) 

RESPIRATORY SYSTEM 
#LUNG (50)

CARCINOMA, NOS, METASTATIC 1 (2%) 
SQUAMOUS CELL CARCINOMA 
SQUAMOUS CELL CARCINOMA, METASTATIC 
ADENOCARCINOMA, NOS, METASTATIC 
ALVEOLAWBRONCHIOLAR CARCINOMA 
C-CELL CARCINOMA, METASTATIC 
CARCINOSARCOMA 

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

(49) 
1 (2%) 

2 (4%) 
2 (4%) 

1 (2%)
1 (2%) 

(50)
2 (4%) 

4 (8%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

#MANDIBULAR L. NODE 

#CERVICAL LYMPH NODE 

#THYMUS 

LEUKEMIA, MONONUCLEAR CELL 

SQUAMOUS CELL CARCINOMA, METASTA 

SQUAMOUS CELL CARCINOMA, METASTA 

THYMOMA 

(50) 

(42) 

(42) 

(44) 

7 (14%) 

1 (2%) 

(50) 

(37) 

(37) 

(42) 

2 (4%) 
(50) 

(34) 

(34) 

(41) 

4 (8%) 

1 (3%) 

1 (3%) 

(50) 

(37) 

(37) 

(34) 

6 (12%) 

1 (3%) 

CIRCULATORY SYSTEM 
#SPLEEN 

#THYMIC LYMPH NODE 

#HEART 

HEMANGIOSARCOMA 

HEMANGIOSARCOMA 

CARCINOSARCOMA, METASTATIC 

(49) 

(42) 

(50) 

(48) 

(37) 

(49) 

1 (2%) 

1 (3%) 

(47) 

(34) 

(49) 
1 (2%) 

(47) 

(37) 

(50) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

DIGESTIVE SYSTEM 
*MOUTH/ORAL CAVITY 

CARCINOMA, NOS, INVASIVE 
*PALATE 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

*LIP 
CARCINOMA, NOS, INVASIVE 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

*TONGUE 
SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

#SALIVARY GLAND 
CARCINOMA, NOS, UNC PRIM OR META 
SQUAMOUS CELL CARCINOMA, INVASIVE 

#LIVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

#PANCREAS 
ACINAR-CELL ADENOMA 

#CARDIAC STOMACH 
SQUAMOUS CELL PAPILLOMA 

#JEJUNUM 
ADENOCARCINOMA, NOS 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(49) 

(50)
2 (4%) 

(49) 
5 (10%) 

(48) 

(44) 

(50)
1 (2%) 

(50) 
4 (8%) 

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

(50) 

3 (6%) 
(49) 

URINARY SYSTEM 
#KIDNEY/CORTEX 

TUBULAR-CELL ADENOCARCINOMA 
(50) 

1 (2%) 
(48) 

~~~~~ 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA, NOS 
CARCINOMA, NOS, INVASIVE 
ADENOMA, NOS 

#ADRENAL 
PHEOCHROMOCYTOMA 

#THY R01 D 
CARCINOMA, NOS, METASTATIC 
FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

#PARATHYROID 
ADENOMA, NOS 

#PANCREATIC ISLETS 
ISLET-CELL ADENOMA 
ISLET-CELL CARCINOMA 

(47) 
4 (9%) 

14 (30%) 
(50)

11 (22%) 
(49) 

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

(33) 

(49) 

1 (2%) 

(45) 

1 (2%)
11 (24%) 

(49) 
11 (22%) 

(47) 
1 (2%) 

4 (9%) 
1 (2%) 

(38) 

(44) 
1 (2%) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

ADENOMA, NOS 
FIBROADENOMA 

*PREPUTIAL GLAND 
CARCINOMA, NOS 
SQUAMOUS CELL CARCINOMA 

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

(50)
2 (4%) 

(50) 

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

MID 
DOSE 

(50) 


(50) 

4 (8%) 
1 (2%)

(50) 


5 (10%) 

(50)

2 (4%) 
4 (8%) 

(47) 

(49) 
4 (8%) 
1 (2%) 

(47) 

3 (6%) 


(48) 

(45) 
1 (2%) 

(48) 

(46) 

11 (24%) 
(48) 

5 (10%) 
(46) 

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

(37) 

1 (3%) 


(47) 
1 (2%)
2 (4%) 

(50) 

(50) 

HIGH 
DOSE 

(50) 

(50) 
9 (18%) 

(50) 

5 (10%) 
3 (6%) 

(50)

2 (4%) 
4 (8%) 

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

(49) 
1 (2%) 

(49) 

(47) 

(44) 

(48) 

(48) 

7 (15%) 
(49) 

4 (8%) 
(47) 

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

(44) 

(49) 

2 (4%) 

(50) 

(50) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

REPRODUCTIVE SYSTEM (Continued) 

#TESTIS 


INTERSTITIAL-CELL TUMOR 


NERVOUS SYSTEM 
#BRAIN/MENINGES

CARCINOMA, NOS, METASTATIC 
GRANULAR-CELL TUMOR, BENIGN 

#CEREBRUM 
GRANULAR-CELL TUMOR, BENIGN 
ASTROCYTOMA 

#PONS 

CARCINOMA, NOS, INVASIVE 


#MEDULLA OBLONGATA 

CARCINOMA, NOS, INVASIVE 


SPECIAL SENSE ORGANS 
*EYELID 

SEBACEOUS ADENOMA 
#HARDERIAN GLAND 


ADENOMA, NOS 

ADENOCARCINOMA, NOS 


*EXTERNAL EAR 

FIBROSARCOMA 


#ZYMBAL GLAND 

CARCINOMA, NOS 

ADENOMA, NOS 


MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
*MEDIASTINUM 

CARCINOSARCOMA, INVASIVE 
*ABDOMINAL CAVITY 

FIBROSARCOMA 
*PLEURA 

OSTEOSARCOMA 
*TUNICA VAGINALIS 

MESOTHELIOMA, NOS 

ALL OTHER SYSTEMS 
DIAPHRAGM 

ADENOCARCINOMA,NOS, METASTATIC 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 


NATURAL DEATH 

MORIBUND SACRIFICE 

SCHEDULED SACRIFICE 

TERMINAL SACRIFICE 

DOSING ACCIDENT 

ACCIDENTALLY KILLED, NOS 

ANIMAL MISSING 

ANIMAL MISSEXED 

OTHER CASES 


CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

(50) 	 (48) (50) (48) 
34 (68%) 37 (77%) 34 (68%) 32 (67%) 

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

2 (4%) 
(49) 	 (50) (48) (48) 

1 (2%) 
1 (2%)

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

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

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

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

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

1 	(2%) 

(32) 	 (46) (42) (42) 

2 	 (6%) 6 (13%) 10 (24%) 17 (40%) 
1 (2%) 1 (2%) 

1 

50 50 50 50 
4 10 7 11 
8 8 13 19 

32 29 24 16 
3 2 5 4 
3 1 1 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS I N  THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS' 44 48 49 48 

TOTAL PRIMARY TUMORS 110 115 121 126 
TOTAL ANIMALS WITH BENIGN TUMORS 40 41 42 42 

TOTAL BENIGN TUMORS 82 86 77 75 
TOTAL ANIMALS WITH MALIGNANT TUMORS 20 24 30 37 

TOTAL MALIGNANT TUMORS 23 26 38 48 
TOTAL ANIMALS WITH SECONDARY TUMORS## 2 3 7 8 

TOTAL SECONDARY TUMORS 2 7 12 11 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 5 3 5 2 

TOTAL UNCERTAIN TUMORS 5 3 6 2 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 1 

TOTAL UNCERTAIN TUMORS 1 

* NUMBER OF ANIMALS NECROPSIED 
** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OFANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
# # SECONDARY TUMORS METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
t MULTIPLE OCCURRENCE OF MORPHOLOGY IN THE SAME ORGAN. TISSUE ISCOUNTED ONCE ONLY. 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 
KERATOACANTHOMA 

FIBR0 MA 
LIPOSARCOMA 

*SUBCUT TISSUE 

(50)
1 (2%) 

2 (4%)
(50) 

(50) 

(50) 

(50)
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
(50) 

RESPIRATORY SYSTEM 
#LUNG 

CARCINOMA, NOS, METASTATIC 
CARCINOSARCOMA, METASTATIC 

(50) 
1 (2%) 

(50) (50) 

1 (2%) 

(50)
3 (6%) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

#CERVICAL LYMPH NODE 
LEUKEMIA, MONONUCLEAR CELL 

C-CELL CARCINOMA, METASTATIC 

(50) 

(48) 
6 (12%) 

(50) 

(42) 
I (14%) 

1 (2%) 

(50) 

(43) 
6 (12%) 

(50) 

(39) 
9 (18%) 

CIRCULATORY SYSTEM 
#RIGHT VENTRICLE 

CARCINOMA, NOS, METASTATIC 
(50) (50) (50) (50) 

1 (2%) 

DIGESTIVE SYSTEM 
*PALATE 

SQUAMOUS CELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

SQUAMOUS CELL PAPILLOMA 

SQUAMOUSCELL PAPILLOMA 
SQUAMOUS CELL CARCINOMA 

NEOPLASTIC NODULE 

SQUAMOUS CELL PAPILLOMA 

LEIOMYOSARCOMA 

ADENOMATOUS POLYP, NOS 

*LIP 

*TONGUE 

#LIVER 

#CARDIAC STOMACH 

#JEJUNUM 

#COLON 

(50)
5 (10%) 

2 (4%) 

1 (2%)
4 (8%) 

1 (2%) 

(50) 

(50) 

150) 

(48) 

(47) 

(45) 

URINARY SYSTEM 
NONE 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

ENDOCRINE SYSTEM 
#PITUITARY 

CARCINOMA, NOS, INVASIVE 
ADENOMA, NOS 

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

FOLLICULAR-CELL ADENOMA 
FOLLICULAR-CELL CARCINOMA 

#ADRENAL 

#THYROID 

C-CELL ADENOMA 
C-CELL CARCINOMA 

#PANCREATIC ISLETS 
ISLET-CELL ADENOMA 

(47) 

22 (47%) 
(50)

1 (2%) 
2 (4%) 

2 (4%) 

1 (2%)
3 (6%) 

1 (2%) 

(50) 

(49) 

(50) 
1 (2%)

15 (30%) 
(50) 

1 (2%) 

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

1 (2%) 

(50) 

(50) 

(48) 

15 (31%) 
(47) 

2 (4%) 

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

(50) 

(49) 

(49) 

8 (16%) 
(49) 

1 (2%) 
1 (2%) 

1 (2%)
2 (4%) 

(49) 

(49) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 

CARCINOMA, NOS 

FIBROMA 

SARCOMA, NOS 
LEIOMYOMA 
ENDOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

ADENOSQUAMOUS CARCINOMA 

CARCINOMA, NOS 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 

GRANULOSA-CELL TUMOR 

*CLITORAL GLAND 

*VAGINA 

#UTERUS 

#CERVIX UTERI 

#UTERUS/ENDOMETRIUM 

#OVARY 

(50) 

2 (4%)
10 (20%) 

2 (4%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

6 0 )  
1 (2%) 

14 (28%) 

1 (2%) 

7 (14%) 

2 (4%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

2 (4%) 
10 (20%) 

7 (14%) 

1 (2%) 

2 (4%) 

2 (4%) 

(50) 

(50) 

(49) 

(49) 

(49) 

(49) 

(50) 

4 (8%) 

3 (6%) 

14 (28%) 

2 (4%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

NERVOUS SYSTEM 
#CEREBRUM 

#BRAIN 
ASTROCYTOMA 

CARCINOMA, NOS, INVASIVE 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

SPECIAL SENSE ORGANS 
#HARDERIAN GLAND 

*EAR CANAL 

#ZYMBAL GLAND 

CARCINOMA, NOS, INVASIVE 

SQUAMOUS CELL PAPILLOMA 

CARCINOMA, NOS 
ADENOMA, NOS 
CARCINOSARCOMA 

(49) 

(50) 

(45) 

(49) 

(50) 

(40)
5 (13%) 

(50) 

(50) 

(44) 

1 (2%) 

1 (2%) 

5 (11%) 
1 (2%) 
1 (2%) 

(48) 

(50) 

(46)
14 (30%)
1 (2%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

MUSCULOSKELETAL SYSTEM 
NONE 

BODY CAVITIES 
NONE 

ALL OTHER SYSTEMS 
NONE 

ANIMAL DISPOSITION SUMMARY 
ANIMALS INITIALLY IN STUDY 50 50 50 50 

NATURAL DEATH 1 2 5 4 
MORIBUND SACRIFICE 3 8 10 16 
SCHEDULED SACRIFICE 
TERMINAL SACRIFICE 46 38 33 25 
DOSING ACCIDENT 2 2 5 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 38 39 41 42 

TOTAL PRIMARY TUMORS 66 76 80 74 
TOTAL ANIMALS WITH BENIGN TUMORS 35 30 32 25 

TOTAL BENIGN TUMORS 52 51 52 37 
TOTAL ANIMALS WITH MALIGNANT TUMORS 12 19 23 30 

TOTAL MALIGNANT TUMORS 14 22 25 37 
TOTAL ANIMALS WITH SECONDARY TUMORS## 1 2 2 3 

TOTAL SECONDARY TUMORS 1 3 2 4 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 3 3 

TOTAL UNCERTAIN TUMORS 3 3 
TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC 

TOTAL UNCERTAIN TUMORS 

* NUMBEROF ANIMALS NECROPSIED 
** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBEROF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
##SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE A3. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF MAL E RATS IN THE
 
TWO-YEAR GAVAGE STUDY OF BENZENE : VEHICL E CONTROL
 

ANIMAL
 
NUMBER
 

WEEKS ON
 
STUDY
 

l.Nli!(iL'MENTARY SYSTEM 
Skin 

Adenosquamous carcinoma 
Keratoacanthoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma 
Neurofibroma 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Carcinoma, NOS, metastatic 

Trachea 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen
Lymph nodee 
Thymus
Thymoma, benign 

CIRCULATORY SYS'lttM 
Heart 

DlGESTlVE bYSL& M 
Oral cavity

Squamous cell papilloma 
Salivary gland 
Liver 

Neoplastic nodule 
Bile duct 
Gallbladder & common bile duct 
Pancreas 

Acmar-cell adenoma 
Esophagus
Stomach 
Small intestine 
Large intestine 

URINAHV ^YsTKM 
Kidney
Tubular-cell adenocarcrnoma 

Urinary bladder 

ENDOCHlINE SYSTEM 
Pituitary 

Carcinoma, NOS 
Adenoma. NOS 

Adrenal 
Pheochromocytoma 

Thyroid
Folhcular cell carcinoma 
C cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic islets 
Islet-cell carcinoma 

REPRODUCTIVE SYSTEM 
Mammary gland

Adenoma, NOS 
Fibroadenoma 

Testis 
Interstitial-cell tumor 

Prostate 
PrepuUal/chtoralgland 

Carcinoma, NOS 

NERVOUS"  s'YSVEM 
Brain 

Carcinoma, NOS, mvaaivs 

SPECIAL SENSE ORGANS 
Harderian gland 
Zymbal gland 

Carcinoma, NOS 

BODY CAVITIES 
Pleura 
Osteosarcoma 

Tunica vaginaiia
MeaotheQoma. NOS 

Multiple organs, NOS 
Leukemia, mononuclear cell 

0 0 01 01 01 0 01 0 01 01 01 01 01 0 0 01 01 0 01 0 01 0 01 0 0 
0 0 0 0 0 0 0  0 0 1 1 1 1  1 1 1  1 1 1 2 2 2 2  2 7, 
1 2 3| 4| 5| 6 T| a 9| ol t| 2\ 3| 4 5 S| T| 8 9| 0 l| 2 3| 4 5 

01 11 0 01 11 11 11 11 11 11 11 11 11 1 01 11 11 11 1! 11 11 01 01 1 i 
4 0 2 1 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 9 8 0 0 

4 

X 

X  X X 

X 

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

4. 
X 

4. 
N N N N N N N N N N N N N N N N N N N N N N N N  N 

+ 
X X X 

X X 
X X X 

•f 
X X X X X X 

•f 
X 

X X X  X X X 

•f 

X 

N N + + N N + N + N N + N + N N N  N + + + . +  N + 
X 

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

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

X 

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

-f 
X 

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

f Tissue examined microscopically No tissue information submitted 
- Required tissue not examined microscopically Tumor incidence 
N Necropsy, no autolyais, no microscopic examination 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE 
CONTROL (Continued) 

ANIMAL 
NUMBER 

01 01 0 01 01 0 0 0 01 01 0 0 01 01 01
2 2 2 2 3 3 3 3 3 3 3 3 3  3 4
6| 7| 8 9| 0 1 2 3 4| 5| 6 7 8| 9| o|

 01 01 01 01 01
 4 4 4 4 4
 11 2| 3\ 4\ si

 0
 4
 6

 01 01 01 0 
4 4 4 5 

 7| 3| 9\ 0 TOTAL 

WEEKSON 
STUDY 

11 11 01 1! 11 11
0 0 3 0 0 0
4| 4| 3| 4| 4| 4|

 11 01 11
 0 7 0
 41 4| 4|

 11
 0
 4J

 01 01 11 01
 5 6 0 S
 »| g| 4| B\

 11 0
 0 3

 4| 1

 01 1
 2 0

 9| 4

 11 01 11 I 11 0
 0 3 0 0 0 3  
 4| 2| 4| l| 4| 5

 0 
8 
3 

TISSUES 
TUMORS 

INTEGUMENTARY SYSTEM 
Skin 

Adenosquamous carcinoma 
Keratoacanthoma 

Subcutaneoui tissue 
Fibroma 
Ftbrosarcoma 
Neuroflbroma X 

X 

X X 

X 

50* 
1 
2 

50* 
4 
1 
1 

RESPIRATORY SYSTEM 
Lunga and bronchi 

Carcinoma, NOS, metastatic 
Trachaa 

X 
50 

1 
49 

HEMATOPOIETIU SYSTEM 
Bom marrow 
Spleen
Lymph nodes 
Thymus

Thymoma, beugn 

50 
49 
42 
44 

1 

CIRCULATORY ^YilE M 
Heart 50 

DIGESTIVE iSVimCM 
Oral cavity

Squamous call papilloma 
Salivary gland
Liver 

Neoplastic nodule 
Bile duct 
Gallbladder It common bile duct 
Pancreas 

Acmar-cell adenoma 
Esophagus
Stomach 
Small intestine 
Large intestine 

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

X 

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

X X 

N 

N 

50« 
1 

49 
50 

2 
50 

50* 
49 
5 

49 
48 
44 
47 

URINARY SlSTEra 
Kidney
Tubular-cell adenocarcmoma 

Urinary bladder 
X 

50 
1 

48 

ENDOCRINE SYSTEM 
Pituitary
Carcinoma, NOS 
Adenoma, NOS 

Adrenal 
Pheochromocytoma

Thyroid
Follicular-cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic islets 

Islet-cell carcinoma 

X X X X X  X

X X  X 

X 
X X 

X

X

X X 
 X X  X

 X 

X 

47 
4 

14 
50 
11 
49 

1 
7 
2 

33 
49 
1 

REPRODUCTIVE SYsiElM 
Mammary gland
Adenoma, NOS 
Fibroadenoma 

Testis 
Interstitial-cell tumor 

Prostate 
Preputial/cktoralgland

Carcinoma, NOS 

+ N + N  N + + + N N - f N - t  + + + N - t  + - t - +  N + - t - N 
X 

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

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

- - 50 
1 
1 

50 
34 
47 

50* 
2 

' 

NERVOUSSVifl'KM 
Brain 

Carcinoma, NOS, invasive X
49 

1 

SPECIAL SENSE ORGANS 
Hardanan gland 
Zymbal gland

Carcinoma, NOS 
— _  + •+•  +  •*•  +  4 . ^ . - +  .  +

X 
—  —  — - —  —  _ + _ >  _ 

49 
32 

2 

BODY CAVITIES 
Pleura 
Ostaosarcoma 

Tunica vaginaJu
Meaotheloina, NOS 

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

+ - t - - f - f - f + + + + + + + +  + -t  + + - - i  + + -t  + + +p + 
X X 

' - - ' 

50* 
1 

50* 
3 

ALLOTHEHSYsTKMS 
Multiple organs, NOS 

Leukemia, mononuclaar cell 
N N N N N N N N N N N N N N N N N N N N N N N N  

X  X X 
N 50* 

7 

* Animals necropsud 
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TABLE A3. INDIVIDUA L ANIMA L TUMO R PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: LOW DOSE 

ANIMA L 0 0 0 01 0 01 01 0 01 01 0 0 0 0 01 01 01 01 01 01 0 0 0 01 0 
NUMBE R 0 0 0 0 0 0 0 0 0 1  1 1 1 1 1 1 1 1 1 2 2 2 2 2  2 

1 2 3 4| 5 6| 1\ 8 9| fl| 1 2 3 4 5\ 6\ 7\ 8| 9| 0| 1 2 3 4| 5 

WEEKS ON 01 11 11 0 01 11 11 01 11 01 11 11 11 1 0 11 11 01 11 11 11 11 11 11 1 
STUDY 6 0 0 S 9 0 0 4 0 8 0 0 0 0  9 0 0 8 0 0 0 0 0 0 0 

3| 4| 4| 0 0| 0| 4| 3\ 4| 0| 2| 4J 4| 4 5 d| 21 9J 4J 4| 4J 4| 4| 4J 4 

I N TEliU MENTAR K SISIB M 
Skin 

Squamous cell papilloma
Squamous cell carcinoma X 
Trichoepithelioma
Sebaceous adenoma 

Subcutaneous tissue 
Fibroma 
Fibrosarcoma X 
Osteosarcoma X 
Neurofibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Carcinoma, NOS, metastatic X 
Squamous cell carcinoma X 
Squamous cell carcinoma, metaatatic X 

Trachea 

HEMATOpOkETiC SYSTEM 
Bone marrow 
Spleen

Hemangiosarcoma X
Lymph nodes — + •*• + • + • • + • • +  • + •+• — — + — — -f + — •+• + + + _  .̂ + 4. 

Hemangiosarcoma X 
Thymus 

CIRCULATORY B YSTEM 
Heart 

DIGESTIVE SYSTEM 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 

Carcinoma, NOS, invasive X X 
Squamous cell papilloma X X 
Squamous cell carcinoma X X X 

Salivary gland 
Liver 

Neoplastic nodule X X 
Bile duct 
Gallbladder & common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 
Pancreas 

Acinar cell adenoma X 
Esophagus
Stomach 

Squamous cell papilloma X 
Small intestine 
Large intestine 

URINARY SYSTEM 
Kidney
Urinary bladder 

ENDOCRlN t Si STEU 
Pituitary

Carcinoma, NOS, invasive X 
Adenoma. NOS X X  X X  X X  X X 

Adrenal 
Pheochromocytoma X X X X X  X X 

Thyroid
Carcinoma, NOS, metastatic X 
C-cell adenoma X  X X 
C-cell carcinoma 

Parathyroid
Pancreatic islets 

Islet-cell adenoma 

REPRODUCTIVE; s^SYKM 
Mammary gland 4. + + N N  N + + + N 4  . + + + N N + N +  N +  + N +  N 
Testis 

Interstitial-cell tumor X  X X  X X X X  X X X X X X X X X X  X 
Prostate 
Prepuual/clitoralgland N N N N N N N N N N N N N N N N N N N N N N N N  N 

Carcinoma. NOS X 
Squamous cell carcinoma X 

NERVOUS SYSTEM 
Brain 

Carcinoma, NOS, invasive X 
Granular-cell tumor, benign 

SPECIAL SENSE ORGANS 
Harderun gland

Adenoma, NOS 
Ear 
Fibrosarcoma X 

Zymbal gland
Carcinoma, NOS X  X X 
Adenoma, NOS 

BODY CAVITIES 
Tunica vagmalia

MeaotheDoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs. NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 

Leukemia, mononuclear cell X 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

ANIMAL 
NUMBER 

01 0
2 2
g| 7

 01 01 01 01 01 0
 2 2 3 3 3 3
 g| 9| 0| l| 2| 3

 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 
3 3 3 3 3 3 4 4|  4 4 4 i  4 4 4 4 5 

 4| 5| S\ 7| S| 9| o| l| 2| 3\ 4| 5J 6| 7| 8| 9J 0 TOTAL 

WEEKS ON 
STUDY 

11 11 11 0 01 01 II 11 11 11 11 11 11 01 11 11 01 11 11 01 01 01 11 1 1 
0 0 0 5 9 9 0 0 0 0 0 0 0 7 0 0 3 0 0 8 5 6 0 0  0 
l| 4| 4J 5| 9| 6| 4| i| 4| 4| o| 4| «| l| 4| i| s| 4] i| fl| 9| 5| 4| 4 4 

| TISSUES 
TUMORS 

INTEGUMENTARY s'YsTEM 
Skin 

Squamou* till papilloma 
Squamou* cell carcinoma 
Trichoepitholioina
Sebaceou* adenoma 

Subcutaneou* tuiue 
Fibroma 
Fibroiarcoma 
Oetmearcoma 
Neurofibrocarcoma 

' 

X 
X X 
X 

X X

X

X 

X 

X

 X 
X X

 X 
X 

50* 
2 
5 
3 
3 

50* 
2 
1 
1 
1 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Carcinoma, NOS, nutaiUUc 
SQuamowjell carcinoine 
Squamoiu cell carcinoma, nutaatic 

Trachea 

49 
1 
1 
1 

46 

HEMATOPOIETIC SJYKlt M 
Bone marrow 
Spleen

Hemangioiarcoma
Lymph node* 

H«mangu»arcoma
Thymua 

48 
48 

I 
37 

1 
42 

CIRCULATORY SY»l'c.M 
Heart 

•• 
49 

IMUEsTlVb, ̂ YkreJM 
Oral cavity

Carcinoma, NOS, mvaaive 
Squamou* cell papUloma 
Squamoiu cell carcinoma 

Salivary gland 
Liver 

Neoplastic nodule 
Bile duct 
Gallbladder * common bile duct 
Pancreat 

Acinar-cetl adenoma 
Eeophagua 
Stomach 

Squamoui cell papUloma 
Small intaatine 
Large intaatua 

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

X X  X X 

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

N 

N 

50* 
2 
6 
3 

49 
48 
2 

48 
50 
44 

1 
49 
44 

1 
42 
42 

' 

URINARY sx^HEM 
Kidney
Unnary bladder 

48 
43 

ENDOCRINE SYSTEM 
Pituitary
Carcinoma, NOS, invaaive 
Adenoma, NOS 

Adrenal 
Pheochromocytoma

Thyroid
Carcinoma, NOS, metaatatic 
C-cell adenoma 
C-cell carcinoma 

Parathyroid
Pancreatic ulets 

Islet-cell adenoma 

X 

X 

X 

X 

X

X

X 

X 

X 

X 

46 
1 

11 
49 
11 
47 
1 
4 
1 

38 
44 
1 

KEPRUUUCTIV & ax a? uiiM 
Mammary gland 
Teetia 
Intontitial-cell tumor 

Proatat* 
PreputiavcUtoraigland
Carcinoma, NOS 
Squamoiu cell carcinoma 

N N +  N + + +  + N + - 1 - N N + N N N N N N  N + +  N N 

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

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

50 
48 
37 
46 

50* 
1 
1 

' 

NKRVOUsoYs'lEM 
Brain 

Carcinoma, NOS, invaaive 
Granular -cell tumor, benign X X 

SO 
1 
2 

SPECIAL SENSE ORGANS 
Hardenan gland

Adenoma. NOS 
Ear 

Fibroearcoma 
Zymbal gland

Carcinoma, NOS 
Adenoma, NOS 

X

X 

X 
X 

X 

49 
1 

50« 
1 

46 
6 
1 

BUOY CAVITIES 
Tunica vaginalu

Meeotheuoma, NOS 
+ + > + + + + + + +• + + + + + ••• + + + + + + + + + 

X 
50* 

1 

ALL OTHER SY^'lEMa 
Multiple organe, NOS 

LitiuicAiniA, mooonucl0Ar cell 
N N N N N N N N N N N N N N N N N N N N N N N N  
X 

N 50« 
2 

• Animal* necropued 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE : MID DOSE 

ANIMAL 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 01 01 0 
VLMBER 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  2 

l| 2| 3| 4| s| Si 7| 8| 9| 01 l| 2| 3| 4J s| S\ 7| 8| 9| 0| 1 2 3| 4| 5 

WEEKSON t] 01 01 11 11 11 01 01 1 11 01 01 1 1] 0 01 11 I I 11 11 11 11 11 11 1 
STUDY 0 8 7 0 0 0 7 5 0 0 6 8 0 0 8 

4| 7| 2| 4| 4| 4| 3| t| 4| 4| 9\ l| 4J 4J 3 

INTEUUMENTAR Y SYSTEM 
Skin 

Squamous cell papilloma X
 
Squamous cell carcinoma

Tnchoepithetioma X
 
Sebaceous adenoma X X
 
Adenoaquamous carcinoma
 
Keratoacantho ma
 
Fibrosarcoma X 

Subcutaneous tissue 
Fibroma X X
 
Fibrosarcoma
 
Fibrous histiocytoma, malignant X
 

RESPIRATORY SitifieiM 
Lungs and bronchi 
Carcinoma, NOS, metastatic 
Squamous cell carcinoma, metastatic 
Adenocarcinoma, NOS, metastatic 
C cell carcinoma, metastatic X 
C arcinosarcoma 

Trachea 

HEMATOPOIETld! SYSTEM 
Bone marrow 
Spleen
Lymph nodes 
Squamous cell carcinoma, metastatic 

Thymus 

CIRCULATORY SYSTEM 
Heart 

Carcmosarcoma, metastatic 

Oral cavity N N N N N N N N N N N N N N  N N N N N N N N N N  N 
Squamous cell papilloma X X X X X 
Squamous cell carcinoma X X 

Salivary gland 
Uver 

Neoplastic nodule X X X X 
Hepatocellular carcinoma X 

Bile duct 
Gallbladder & common bile duct N N N N N N N N N N N N N N  N N N N N N N N N N  N 
Pancreas 

Acinar-cell adenoma X X X 
Esophagus
Stomach 
Small intestine 

Adenocarcinoma, NOS 
Large intestine 

UHINAUY yVbVdM 
Kidney + + + + + + + + + + + + + + 
Urinary bladder 

Pituitary
Adenoma, NOS X X X 

Adrenal 
Pheochromocytoma X X X X X 

Thyroid
Folhcular-ceU carcinoma X X
 
C-cell adenoma
 
C-cell carcinoma X X
 

Parathyroid 
Adenoma. NOS X 

Pancreatic islets 
Islet-cell adenoma X
 
Islet-cell carcinoma X
 

REPRODUCTIVE SVSfl'EM 
Mammary gland + N + + + N + N N N N N N +  N N N N  N + + N N N  N 
Tratu 

Intanutial-call tumor X X X X  X X X  X X X  X X X X X X X X  X 
ProaUU 

NERVOUSyVbTKM 
Brain 

Carcinoma, NOS, maUatatic 
Cranular-call tumor, banign X 
Aatrocytoma 

Sl'E îAL SENsii! OKtiAKs 
Eva appandagaa N N N N N N N N N N N N N N  N N N N N N N N N N  N 

Sabacaoua adanoma X 
Hardanan gland

Adanocarcinoma, NOS 
Zymbal gland

Carcinoma, NOS X X X X 

BODY CAVITIES
Madiaatinum N N N N N N N N N N N N N N  N N N N N N N N N N  N 
Carcinoaarcoma, invaaiva 

Tunica vagmalia
Maaothauoma,NOS X 

ALL OTHER SYSTHMS 
MulUpla organa, NOS N N N N N N N N N N N N N N  N N N N N N N N N N  N 

LffukvTnia( "MMWHW*!**'  call X X 
Diaphragm, NOS 

Aaanocarcmoma, NOS, metaautic 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE 
(Continued) 

ANIMAL
 
NUMBER
 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM 
Skin 
Squamoua cell papilloma 
Squamoua cell carcinoma 
Trichoepithehoma

Sebaceous adenoma
 
Adenoaquamoua carcinoma
 
Keratoacanthoma
 
Fibroaarcoma
 

Subcutaneous Uaaue 
Fibroma 
Fibroaarcoma
 
Ftbroua hutiocytoma, malignant
 

RESPIRATORY SYbiGM 
Lungs and bronchi 
Carcinoma, NOS, metaatatic 
Squamoua cell carcinoma, metaatatic 
Adenocarcinoma, NOS, matastatic 
C-cell carcinoma, metaatatic 
Carcinoaarcoma 

Trachea 

HEMATOPOIKTKJ UVsTKM 
Bone marrow 
Spleen
Lymph nodea 
Squamoua cell carcinoma, metaatatic 

Thyraua 

CIRCULATORY bYiJTfelM 
Heart 
Carcinoaarcoma, metaatatic 

DICES 1'IVE SYSTEM 
Oral cavity

Squamoua cell papilloma 
Squaraous cell carcinoma 

Salivary gland 
Liver 

NeopUattc nodule 
Hepatocellular cmrcinomt 

Bill duct 
G«llb Udder & common bile duct 
Pancreas 

Acinar-ceU adenoma 
Esophagus
Stomach 
Small intestine 

Adenocarcinoma, NOS 
Large intestine 

URINARV 5YSTOM 
Kidn.y
Urinary bladder 

ENDOCRINE ST/ tiTKM 
Pituitary 

Adenoma, NOS 
Adrenal 

Phaochromocytoma
Thyroid
Follicular-cell carcinoma 
C-ceU adenoma 
C -cell carcinoma 

Parathyroid
Adenoma, NOS 

Pancreatic islets 
Iilet-ceU adenoma 
Islet-cell carcinoma 

ttE PRODUCTIVE SYSTEM 
Mammary (land 
Teatia 

Intentttlal-cell tumor 
Proitau 

N EK VOUB yV Si'KM 
Brain 
Carcuuma, NOS, metaatatic
 
Granular-cell tumor, benign
 
Aitrocytoma
 

SPECIAL SEMSE ORGANS 
Eyeappendagea 

Sebaceous adenoma 
Hardenan gland

Adenocarcinoma, MOS 
Zymbal gland

Carcinoma, NOS 

BODY CAVITIES 
Mediastinum 
Carcinoaarcoma, invauve 

Tunica vaguialu
Meaothelioma, NOS 

ALL OTHER SYSTKVS 
Multiple organa, NOS
 

Leukemia, nunonuclear cell
 
Diaphragm. NOS
 

Adenocarcmoma. NOS. metattatic
 

* Animals necropsied 

0 01 01 01 0! 0 0 01 01 0 0 01 01 0 01 0 01 01 01 01 01 01 01 0 0 
2 2] 2\ 2 .1 3 3 3| 3 3 3 3 3 3 4 4 41 4 4 4 4 4 4 4 5 
6 T| B| 9| 0| 1 2 3J 4l 5 6 T| g| 9 o| 1 2| 3| 4| s| e| 7| g| 9 0 TOTAL 

1! l i 11 11 11 01 01 01 01 01 01 0 01 11 01 0 01 11 01 01 11 01 01 01 1 TISSUES 
0 0 0 0 0 9 9 8 7 5 91 8 9 0 9 7 8 0 9 8 0 7 9 8 0 TUMORS 
4| 4| 0| 4| 4| 7| 3| 3 3| 7| 2| 0 2\ 4| g| 2 8| 4J 4| g| 4J 0| i| 6| 4 

50« 
1 

X X X 3 
I 
2 

X 1 
X 1 

1 
50* 

X 3 
X 1 

1 

49 
X 1 

X X 2 
X X 2 

I 
X 1 

47 

47 
47 
34 

X X 2 
41 

49 
X 1 

N N N N N N N N N N N N N N N N N N N N N N N N  N 50« 
X X X X X X 11 

X X X 5 
47 
49 

4 
I 

49 
N N N N N N N N N N N N N N N N N N N N N N N N  N 50« 

47 
3 

48 
48 
46 

X 1 
46 

48 
47 

46 
X X X  X X X  X X 11 

48 
5 

46 
2 

X 1 
X 3 

37 
1 

47 
1 

X 2 

N N N N N + N +  N +  + N + + N + N N N N N N + N  N SO* 
SO 
34 
47 

48 
X 1 

1 
X 1 

N N N N N N N N N N N K N N N N N N N N N N N N  N 50
1
 

49
 
X 1
 

42
 
X X X X X X 10
 

N N N N N N N N N N N N N N N N N N N N N N N N  N SO*
 
X 1
 

SO' 

X 2
 

N N N N N N N N N N N N N N N N N N N N N N N N  N 50« 
X X 4 

X 1 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE
 
TWO-YEAR GAVAGE STUDY OF BENZENE: HIGH DOSE
 

ANIMAL 
NUMBE R 

01
0
l|

 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01
 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 I 2
 2| 3| 4| 5| 6| T| 8| 9| 0| 1| 2| 3| i| 5J 6| 7| 8| 9| 01

 01
 2
 l|

 01 01 0 
2 2 2 

 2| 3| 4 

n 
5 

WEEKS ON 
STUDY 

11 11 01 11 01 01
0 0 8 0 9 9
4| 4| 6| 4| 4| 9|

 01 01 01 11 11 01 11 11 01 11 01 01 01 11 01 11 01 0 
8 9 8 0 0 8 0 0 8 0 8 9 9 0 6 0 9 9 

 81 9| 9| 4| 4| 3| 4| 4| 5| 4| «| 2| 4| 4| 4| 4| l| 5 

it 
A 
7 

INTEGUMENTARY SYSTEM 
Skin 

UnduTerentiated carcinoma 
Squamouscell papilloma
Squamous cell carcinoma
Trichoepithelioma

Subcutaneous tissue 
Squamous cell carcinoma, invasive 
Squamous cell carcinoma, metastatic 
Fibroma 
Ftbroaarcoma 
Lipoma 

X

X 

X
 X 

X 

X 

X 

X 

X 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Carcinoma, NOS, metaatatic 
Squamous cell carcinoma, metaaUUc 
Alveolar/bronchiolar carcinoma 

Trachea 

X X X 

+ 

HEMATOPOIETIC SYSIE M 
Bone marrow 
Spleen
Lymph nodea 

Squamous cell carcinoma, metastatic 
Thymus 

X 
-

CIRCULATORY SYSTEM 
Heart 

Oral cavity
Squamous cell papilloma 
Squamoua cell carcinoma

Salivary gland 
Carcinoma, NOS, unc prim or metasta 
Squamous cell carcinoma, mvaaive 

Liver 
Neoplastic nodule 

Bile duct 
Gallbladder It common bile duct 
Pancreas 
Esophagus
Stomach 
Small intestins 
Large intestine 

N N N N N N N N N N N N N N N N N N N N N N N N  
X@ X X X X X® 

X X 

X 
X 

X 

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

N 

+ 
N 

f-

URINARY SYSTEM 
Kidney 
Urinary bladder 

ENDOCtUNE SYSTEM 
Pituitary

Adenoma,, NOS 
Adrenal 

Pheochromocytoma
Thyroid 

Folhcular-cell adenoma 
Follicular-cell carcinoma 
C-cell adenoma 

Parathyroid
Pancreatic isleta 
Islet-cell carcinoma 

X 

X

X

X 

X 

X

X 

X J 

X 

+ 

REPRODUCTIVE bYSTEM 
Mammary gland 
Testis 
Interstitial-cell tumor 

Prostate 

N N  N

X X

 + +

 X X

 + - t - N  N

 X X

 + - t - N + N N N +  N

 X X  X X X

 + +

 X

 + N N  N 

 X X 

N 
+ 
X 

Brain 
Carcinoma, NOS, metattatic 

SPECIAL SENSE ORGANS 
Hardenan gland 
Zymbal gland
Carcinoma, NOS 
Adenoma, NOS 

X X  X  X X X X X X  X X 

BUOY CAVITIES 
Peritoneum 
Fibroaarcoma 

Tunica vaginalia
MeaotheUoma, NOS 

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

+ + -»  + + + + f + + +  + + f + + + + + + f + - t - r  . 
X 

- - '   

N 

+ 

ALL OlHtK si s'ikMS 
Multiple organs, NOS 

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

X X  X X X 
N 

@ Multiple occurrence of morphology 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE
(Continued)

ANIMAL 01 0 01 01 01 01 01 01 01 01 01 01 0 0| 01 01 01 01 01 01 01 01 01 01 0
NUMBER 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5

6| 7 8\ 9| 0| 1 2l 3| 4| 5| 6\ ?| 3 9| o| l| 2\ 3| 4) s| S\ 7\ 3| 9\ 0 TOTAL

WEEKS ON 01 01 11 11 11 01 01 01 01 01 01 11 01 01 11 11 1 01 01 1! 01 01 01 0 1 TISSUES
STUDY 9 9 0 0 0 3 3 9 9 3 9 0 9 3 0 0 0 7 9 0 7 81 9 5 0 TUMORS

Q| 8| 2| 4| 4| 7| 4J S| 4| 7| S| 4J l| 3| 2| 4J o| 4 7\ 4J S| s| t| 1 4

iNTEkUMENTARY SYSTEM
Skin 50*

UnduTerentiated carcinoma X 1
Squamous cell papilloma X X 5
Squamous cell carcinoma X @ X  X X X X 3
Trichoepithehoma 1

Subcutaneous tissue SO*
Squamous cell carcinoma, invasive X 1
Squamous cell carcinoma, metastatic 1
Fibroma X X  X X 4
Fibrosarcoma X X 3
Lipoma 1

RESPIRATORY SYSTEM
Lungs and bronchi 50
Carcinoma, NOS, metastatic X X 2
Squamoua cell carcinoma, metastatic X 4
Alveolar/bronchiolar carcinoma X 1

Trachea 46

Bone marrow 48
Spleen 47
Lymph nodes 37

Squamous cell carcinoma, metastatic 1
Thymus 34

CIRCULATORY SYSTEM
Heart 50

DIulLSTlVCi SYSTEM
Oral cavity N N N N N N N N N N N N N N N N X N N N N N N N N SO*

Squamoua cell papilloma X X X X X X@ X 13
Squamoua cell carcinoma X X X X X 7

Salivary (land 49
Carcinoma, NOS, unc pnm or metastat I
Squamoua cell carcinoma, invasive 1

Liver 49
Neoplastic nodule I

Bile duct 49
Gallbladder & commonbile duct N N N N N N N N N N N N N N N N N N N N N N N N N 50*
Pancreas 49
Esophagus 49
Stomach 47
Small inustins 44
Large mUstina 46

URINAhY SYSTEM
Kidney 48
Urinary bladder 44

Pituitary 48
Adenoma, NOS X  X X X 7

Adrenal 49
Pheochromocytoma X 4

Thyroid 47
Follicular-cell adenoma X 2
Follicular-cell carcinoma X 1
C-cell adenoma 2

Parathyroid 44
Pancreatic laleta 49

Islet-cell carcinoma X 2

REPRODUCTIVE SYSTKlii
Mammary gland 50*
Testia 48

IntarstitiaJ-ceU tumor X X X X X X X X X X X X X X X X X 32
ProstaU 48

Brain + + + + + + + + + + + + + + + + + + + .̂ + + + 48
Carcinoma, NOS, mttaatatic X 1

SPECIAL SENSE OKUANS
Harderian (land SO
Zymbal gland 42
Carcinoma,NOS X X  X X  X X 17
Adenoma. NOS X 1

BUUJ uAViTi£b
Peritoneum N N N N N N N N N N N N N N N N N N N N N N N N N SO*

Fibroaarcoma 1
Tunica vapnalia SO*

MeaotheEoma, NOS 1

ALLUTrlCKSYSTEMa
Multiple organs.NOS N N N N N N N N N N N N N N N N N N N N N N N N N SO*

Leukemia, mononuclear cell X 6

* Aninuli n*crop«itd
@ Multiplt occurrtnct of morphology
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TABLE A4. INDIVIDUA L ANIMA L TUMO R PATHOLOGY O F FEMALE RATS I N 
TH E TWO-YEA R GAVAG E STUDY O F BENZENE : VEHICL E CONTRO L 

ANIMAL 01 01 01 01 01 0 0 0 0 0 0 0 01 01 01 01 0 0 01 0 0 01 01 01 0 
NUMBE R 0 0 0 0 0 0 0 0 0  1 1 1 1 1 1 1  1 1 1 2 2  2 2 2 2 

l| 2| 3| 4| 5| 6 7 8 9 0 1 2 3| <t|  5| 6| 7 8 9| 0 1 2\ 3\ 4J 5 

WEEKS ON 1 11 01 11 11 11 11 11 11 11 1 11 1 11 11 11 01 11 11 11 1 11 11 11 1 
STUDY 0 0 9 0 0 0 0 0 0 0 0 0  0 0 0 0 9 0 0 0 0 0 0 0 0 

4 4| ?| 4| 4| 4| 4| 4| 4) 4| 4 4J 4 4| 4| 4J 3| 4J 4J 4| 4 4| 4J 4J 4 

INTEGUMENTAR Y SYSTEM
 
Skin
 

Squamous cell papilloma
 
Subcutaneous tissue
 

Fibroma X
 

RESPIRATORY SYSTEM
 
Lungs and bronch i
 

Carcinoma, NOS, metastatic X
 
Trachea
 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen
Lymph nodes 
Thymus 

CIRCULATORY ^VBTjiM 
Heart 

lilUKSl'l VE SYSTEM 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 

Squamous cell papilloma X 
Salivary gland
Liver 
Bile duct 
Gallbladder & common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 
Pancreas 
Esophagus
Stomach 
Small intestine 
Large intestine 

URINARY SYSTEM 
Kidney 
Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary 

Adenoma, NOS X X  X  X X X X X X 
Adrenal 
Cortical adenoma X 
Pheochromocytoma X 

Thyroid 
Follicular cell adenoma X 
C-cell adenoma 
C cell carcinoma X X 

Parathyroid 
Pancreatic islets 

Islet-cell adenoma X 

REPRODUCTIVE SYSTEM 
Mammary gland 

Adenocarcmoma, NOS X X 
Fibroadenoma X X X X X X X 

Preputaal/clitoralgland N N N N N N N N N N N N N N N N N N N N N N N N  N 
Carcinoma, NOS X X 

Vagina N N N N N N N N N N N N N N N N N N N N N N N N  N 
Fibroma X 

Uterus 
Leiomyoma 
Endometrial stromal polyp X X X X  X 
Endometrial stromal sarcoma 

Ovary 

NERVOUS SYSTEM 
Brain -t- + + - f - t  - + + + + -t- + -t- + - f - f ' t  - + + + + + + + + -f 

SPECIAL SENSE ORGANS 
Hardenan gland + + + + + + + + + + +  + + + + + + +  + + + + + +  + 
Zymbal gland + + + - + + + + -l- + + 4 . - l - + - - - t - - t - + + + + + .t + 

A LLOTHEK SYSTEMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 

Leukemia, mononuclear cell X X 

+ Tissue examined microscopically No tissue information submitted 
- Required tissue not examined microscopically Tumor incidence 
N Necropsy,no autolysu, no microscopic examination 
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TABL E A4 . INDIVIDUA L ANIMA L TUMO R PATHOLOG Y O F FEMAL E RATS: VEHICL E 

ANIMA L
 
NUMBE R
 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM
 
Skin
 

Squamous cell papilloma
 
Subcutaneous tissue
 

Fibroma
 

RESPIRATORY SYSTEM
 
Lungs and bronchi
 

Carcinoma, NOS, metastatic
 
Trachea
 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen 
Lymph nodes 
Thymui 

CIRCULATORY SYSTEM
 
Heart
 

DIGESTIVE SYSTEM 
Oral cavity 

Squamous cell papilloma
Salivary gland
Liver 
Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagus
Stomach 
Small intestine 
Large intestine 

URINARY SYSTEM
 
Kidney
 
Urinary bladder
 

ENDOCRINE SYSTEM 
Pituitary 

Adenoma, NOS 
Adrenal 
Cortical adenoma 
Pheochromocytoma

Thyroid 
Follicular-cell adenoma 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic islets 

Islet-cell adenoma 

REPRODUCTIVE SYSTEM 
Mammary gland 

Adenocarcinoma, NOS 
Fibroadenoma 

Preputial/clitoralgland 
Carcinoma, NOS 

Vagina
Fibroma 

Uterus 
Leiomyoma
Endometrial stromal polyp 
Endometrial stromal sarcoma 

Ovary 

NERVOlisSI&TEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland 
Zymbal gland 

Multiple organs, NOS 
Leukemia, mononuclear cell 

* Animals necropaied 

CONTRO L (Continued ) 

01 0 0 0 0 0 0 0 0 0 0 0  0

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

11 11 11 11 I 11 II 11 11 11 11 11 01
0 0 0 0 0 0 0 0 0 0 0 0 3

 01 01 01 01 01 0 0 0 0  0  0 0 

 9 | 0 | l | 2 | 3  | 4 5 6 7 8 9  0 TOTAL 

 11 1] 1 11 11 11 11 11 1 1 1 1 TISSUES 
0 0 0 0 0 0 0 0 0 0 0  0 TUMORS 

4| 4J 4| 4| 4 4| 4| 4| 3\ 4J 4J 4] 3| 4J 4J 4 4J 4J 4| 4J 4J 4 4 4 4 

X 

X 
50* 

1 
50* 

2 

50 
1 

50 

49 
50 
48 
46 

50 

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

N N N N N N N - t - N N N N N N N N N N N N N N N N  N 

50* 
1 

50 
50 
50 

50* 
49 
50 
50 
50 
48 

50 
48 

X X X X X  X X X X  X X X  X 
47 
22 

X 

50 
1 

X 2 
50 

2 
X 1 

X 3 
36 
49 

1 

N - t - + N +  N + -t- + - t - N  N + - t - N + N - t - - l - - t - N + + - l - N 50*
 
2
 

X X  X 10
 
N N N N N N N N N N N N N N N N N N N N N N N N  N 50*
 

2
 
N N N N N N N N N N N N N N N N N N N N N N N N  N 50*
 

X 
X

X 

+ + ̂  + + + + + + + + + + + + ̂  + + + + + + + 
+ -f + - - t - + -t- + + + + + + + -f + + - t - - » - - ! - - l - - » - +

1 
50 

1 
X 7 

1 
50 

50 

+ -t 49 
45 

N N N N N N N N N N N N N N N N N N N N N N N N  N 50* 
X X  X X 6 
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TABLE A4. INDIVIDUA L ANIMA L TUMO R PATHOLOGY O F FEMAL E RATS I N TH E 
TWO-YEA R GAVAG E STUDY OF BENZENE : LOW DOSE 

ANIMA L 
NUMBE R 

0 01 0 01 0 01 0 01 01 01 0
0 0 0 0 0 0 0 0 0 1  1
1 2| 3 4| 5 6| 7 8| 9| 0| 1

 0
 1
 2

 0
 1
 3

 01 0
 1 1

 4] 5

 0
 1
 6

 0 0 
1 1

 7 8

0 0 01 01 0 
1 2 2 2  2 
9 0 l| 2\ 3 

01 0ii 
WEEKSO N 
STUDY 

1
0
4

 11 11
 0 0
 4| 4J

 01 11 11 11 II 11 11 1
 8 0 0 0 0 0 0  0
 9| 4| 4| 4| 4| 4| 4| 4

 0
 7
 8

 1
 0
 4

 11 1
 0 0

 4| 4

 01 11 1
 8 0  0
 l| 4| 3

 1 1
 0 0
 3 4

 1
 0
 4

 11 0 
 0 9 

 4| 7 
r 
81 04 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Trachea 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen 
Lymph nodes 
C-cell carcinoma, metastatic 

Thymus 

CIRCULATORY SYSTEM 
Heart 

DIGESTIVE SYS'l'EM 
Oral cavity 

Squamous cell papilloma 
Squamous cell carcinoma 

Salivary gland
Liver 

Neoplastic nodule 
Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagus 
Stomach 
Small intestine 

Leiomyosarcoma 
Large intestine

Aoenomatous polyp, NOS 

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

X 

X  X X 

+ + 
•+• + 

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

X 

X 
•t -f 

URINArW iWSTKM 
Kidney
Urinary bladder 

•f + 

ENDOCRINE SYStEM 
Pituitary 

Carcinoma, NOS, invasive 
Adenoma, NOS 

Adrenal 
Pheochromocytoma

Thyroid 
Folucular-cell adenoma 
Follicular-cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

Parathyroid
Pancreatic islets 

Islet-cell adenoma 

X

X

X 

X 
X 
X X

X

 X 

X 

X 

X 

REPRODUCTIVE SYSTEM 
Mammary gland 

Adenoma, NOS 
Fibroadenoma 

Uterus 
Carcinoma, NOS 
Adenoma, NOS 
Sarcoma. NOS 
Endometnal stromal polyp 

Ovary 

+ ti
X 

X

 + + H X  

X

H + + + H

 X

 + + + +

 X X  X

 +ti

X

 X

 + + + +H + 

X  X X 

X 

X X X 

N + 

X 
+ + 

NERVOUS SYSTEM 
Brain 

Carcinoma, NOS, invasive 
+ + + + + + + + + + + +

X 
+ + + + + +' + + + 4> + f- ^ 

SPECIAL SENSE ORGANS 
Harderian gland 
Zymbal gland

Carcinoma. NOS X ~ X X 

ALL OTHER SYSTEMS 
Multiple organs, NOS 
Leukemia, mononuclear cell 

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

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

ANIMAL 
NUMBER 

01
2
6\

 01 01 01 01 0 0 0 01 0
 2 2 2 3 3 3 3 3  3
 7| 8| 9| 0| 1 2 3 4| 5

 01 01 0
 3 3 3
 6| 7| 8

 01 01 0 01 0
 3 4 4 4  4
 9| 0| 1 2\ 3

 01
 4
 4)

 01 01
 4 4
 5\ 6|

 01 0 01 0 
4 4 4  5 
 7 8 9\ 0 TOTAL 

WEEKS ON 
STUDY 

11 11 11 11 11 01 01 11 0 1
0 0 0 0 0 9 8 0 8  0
4| 4| 4| 4| 4| 5| 0| 4J 8 4

 I I 11
 0 0
 4| 4|

 1
 0
 4

 11 11 11 01 11 1 1
 0 0 0 8 0 0  0
 4| 4| 4| o| 4J 4 4

 01 11 11 11 1 
6 0 0 0 0 

 9| 4| 4| 4| 4 

TISSUES 
TUMORS 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Trachea :::::::::::::::::::::::*: 50 

48 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen 
Lymph nodes 

C-cell carcinoma, metaatatic 
Thymus 

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

X 
+ + + + + + + + + + + +  + + + +__

 + .̂ + + + 

+ + + + + + + 

50 
50 
42 

1 
46 

CIRCULATORY SYSTEM 
Heart + + + + + ̂  + + + + + + + + + + + + + + + + ̂  50 

DIGESTIVE SYSTEM 
Oral cavity 

Squamoua cell papilloma 
Squamoua cell carcinoma 

Salivary gland 
Liver 

Neoplaatic nodule 
Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagus 
Stomach 
Small intestine 

Leiomyoaarcoma 
Large intestine 

Adenomatous polyp, NOS 

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

+ + + + +1. + + + + + + + +. + + + + +  + ^ + + + + 

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

N 

N 

50* 
4 
1 

50 
49 
3 

49 
50* 
50 
49 
50 
48 
1 

49 
1 

URINARY SYSTEM 
Kidney
Urinary bladder 

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

+ + + + + + „ + + + +  + + + + + +_ 
+ + + + + 

+ + + + + + + 
50 
47 

ENDOCRINE SYSTEM 
Pituitary 
Carcinoma, NOS, invaaive 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyroid 
Follicular-cell adenoma 
Follicular-cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

Parathyroid
Pancreatic isleta 

Islet-cell adenoma 

+ + + + +

X X  X

X

X

 + + +

 X 

+ + + + + +

 X X

X 

X

X 

+ +

 X 

+ + + + + +

 X X  X

 X 

+ + + 

X 

50 
1 

15 
50 

1 
50 

2 
2 
4 
3 

39 
50 

1 

REPRODUCTIVE SYSTEM 
Mammary gland 
Adenoma, NOS 
Fibroadenoma 

Uterus 
Carcinoma, NOS 
Adenoma, NOS 
Sarcoma, NOS 
Endometrial atromal polyp 

Ovary 

N N

+ +

 + - f - t - N - f - N + N - l  -

X X X

X 
X

 - t - - f - t - 4 - - t - - f 4  - + -l

+

 +

 * + N  N +

 X

X 

+ + + - t - - (  

 l . N N - ( - f

 X 

X 
+ - » - - t - - f - t  

+  N N 

+ - f - t  

50* 
1 

14 
50 

2 
1 
I 
7 

50 

NERVOUS SYSTEM 
Brain 
Carcinoma, NOS, invaaive 

50 
1 

SPECIAL SENSE ORGANS 
Harderian gland 
Zymbal gland 

Carcinoma, NOS 

+ + + + + + + + + + .̂ + + + + + + + + + +
•f + + +  + > - . - ^ '  f  • ^ •  ̂  + + ^ + - t - 4  p + ^*

X X 
—  

^ + + + 
+— — — + + 

49 
40 
5 

ALL OTHER SYSTEM3 
Multiple organs, NOS 

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

X  X X 
N 50* 

7 

* Animals necropaied 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE
 
TWO-YEAR GAVAGE STUDY OF BENZENE : MID DOSE
 

ANIMA L 01 01 01 01 0 01 01 01 01 01 0 0 0 0 0 01 01 01 01 01 0 01 0 0! 0 
NUMBER 0 0 0 0 0 0 0 0 0 1  1 1 I 1 1 1 M 1 I 2 2 2 2 2  2 

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

WEEKS ON 11 11 11 11 01 11 11 1 11 01 11 11 11 11 11 1 0 11 11 1 11 01 01 01 1 
STUDY 0 0 0 0 9 0 0 0 0 6 0 0 0 0 0  0 6 0 0 0 0 7 8 7 0 

4| 4| 2| 4| 6| 4| 3| 4 4] 6\ 4| 4| 4| 4| 4| 4 9 4| 4| 4 4| l| 2| 5| 4 

INTEGUMENTARY SYSTEM 
Skin
 
Squamous cell papilloma

Keratoacanthoma X 

Subcutaneous tissue 
Liposarcoma X 

RESPIRATORY SYSTEM 
Lungs and bronchi 
Carcmosarcoma, metastatic 

Trachea + > + + + + + + + + + + > + + -,. + ^ + + + + + + + 

HEMATOPOIETIC SYSTEM 
+ + + + + + + + + + + + + + + + + + + + + + + 

Spleen
Lymph nodes 
Thymus + + + 1. + + + + + ^ + + + _ + + + _ + ^ + + _ + + 

Bone marrow 

CIRCULATORY SYSTEM
 
Heart + + + + + + + .+ + + + + + + + + + + + + + + + .
 

DIGESTIVE SYSTEM 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 

Squamous cell papilloma X X X X  X X
 
Squamous cell carcinoma X X X
 

Salivary gland
Liver 

Neoplastic nodule X 
Bile duct 
Gallbladder & common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 
Pancreas 
Esophagus
Stomacn 
Small intestine 
Large intestine + + + -( - - t  - + - t - - t - - (  - + -(- + -t- + - - f + -t- + + - t - - K - t - - ( - - t  

URINARY SYSTEM 
Kidney -t- + + 4. + + -t-- l - + - f - t - H - - t  - + + + -h + -H + 1 - - H + -l--l

+ + + + +  + + + + + + + + + + + + + + + + + + +Urinary bladder 

ENDOCRINE SViiTKM 
Pituitary + + + + + + + + 4. + + + + + + + + + +  H . > + + + 

Adenoma, NOS X X X  X X X X  X X 
Adrenal 

Pheochromocytoma X 
Thyroid 

Follicular-cell adenoma X 
Folhcular-cell carcinoma X X 
C-cell adenoma X X 
C-cell carcinoma 

Parathyroid + _ + _ + _ +  . + 4. + + + + . - l - - t - + + + -t + + •>. + + 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + + + N N H  . + + +  H . 4 . + + + N + + N + + + 

Adenocarcmoma, NOS 
Fibroadenoma X X X  X X X 

Uterus 
Adenocarcmoma, NOS X
 
Adenosquamous carcinoma
 
Cndometrial stromal polyp X  X X 

Ovary
Granulosa-cell tumor X X 

NERVOUS SYSTEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland
Carcinoma, NOS, invasive X 

Ear + + + + -f + '4' + + + + +' + -f + + -f + -f + - 4 - - t ' + i +- '* ' 

Squamous cell papilloma
Zymbal gland
Carcinoma, NOS X X 
Adenoma, NOS X 
Carcmosarcoma 

ALL OTHER SYSTEMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 

Leukemia, mononuclear cell X  X X X 
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TABLE A4. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE 
(Continued) 

ANIMAL 0 0 0| 01 01 0 0 01 01 0 01 0 0 0 01 01 01 01 01 01 01 01 01 0 0 
NUMBE R 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4  4 4 4 4 4 4 4 4J 4 5 

6 7 8| 9| 0| 1 2 3| 4| 5 6| 7 8 9 0| l| 2\ 3\ 4| 5| 6| 71 91 9 0 TOTAL 

WEEKS ON 1 1 1 11 11 11 01 01 11 11 0 I I 0! 11 11 11 1 1 01 1 1 1 i 01 1 TISSUES 
STUDY 0 0 0 0 0  0 8 7 0 0 5 0 7 0 0 0 0 0 9 0 0 0 0 4  0 TUMORS 

4 4 4 4| 4| 2| 9| 2J 4| 4| 2 4J s| 4| 4| 4| 4 4 6| 4 4 4 1 s| 4 

INTEGUMENTARY SYSTEM 
Skin 50* 

Squamous cell papilloma + + > + + + + + + + ^ + + + + + + + + + + + + +X + 1
 
Keratoacanthoma 1
 

Subcutaneous tissue 50* 
Liposarcoma 1 

RESPIRATORY SYSTEM 
Lungs and bronchi 50
 

Carcinosarcoma, metastatic X 1
 
Trachea 49
 

HEMATOPOIETIC SYSTEM 
Bone marrow + + + + + + + + + + + + + + + + + + + + + + + +  + 48
 
Spleen 49
 
Lymph nodes 43
 
Thymus + .,._ + + + + + + + + .,. + + + _ + .,. + + _.,.., . + + 44 

CIRCULATORY SYSTEM 
Heart + + + + + + + + + + + + + + + + + + + + H. + + + + 50 

DIGESTlVk SYSTEM
 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 50*
 

Squamous cell papilloma X X 8 
Squamous cell carcinoma X 4 

Salivary gland 48 
Liver 50 

Neoplastic nodule 1 
Bile duct 50 
Gallbladder it common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 50» 
Pancreas 49 
Esophagus 50 
Stomach t t t t t  t + + + + 't" + + t + + t t t t t  t + t + 48 
Small intestine 47 
Large intestine + + + + + + _ + _ + _ + + ^ + 4. + * + + + + + _ + 45 

URINARY SVS'l'EM 
Kidney 50 
Urinary bladder .̂ + -(- + + - ( - - + + + - - t . - t - - f + + - ( - - K + + -(- + -l- + -t  47 

ENDOCRINE SYSTEM 
Pituitary + + + + .̂ + + + + + + + + + + + + + + + + + + + 48 

Adenoma, NOS X X X X X X 15 
Adrenal 47 

Pheochromocytoma X 2 
Thyroid 50 

Follicular-cell adenoma X 2 
Follicular-cell carcinoma 2 
C-cell adenoma X X 4 
C-cell carcinoma X 1 

Parathyroid 4. + + + + __ + + + + + + * + + + + + __ + 39 

REPRODUCTIVE SYSTEM 
Mammary gland N N + + ^. + N + N + + + + + N + N + N  N + + + + + 50* 
Adenocarcinoma, NOS X X 2 
Fibroadenoma X X  X X 10 

Uterus 49 
Adenocarcinoma, NOS X 2 
Adenosquamous carcinoma X 1 
Endonwtrial stromal polyp X X  X X 7 

Ovary 49 
Granulosa-cell tumor 2 

NERVOUSSYSTEM 
Brain 50 

SPECIAL SENSE ORGANS 
Harderian gland + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Carcinoma, NOS, invasive 1 
Ear + + + + + + + + + + + - f - f + + f + f + f + -t- + + + 50* 

Squamous cell papilloma X 1 
Zymbai gland + + •̂  + + + + 4- + + —  • f - f - *  H + -l- + -t* +  < f + ' + ' + + -t' 44 

Carcinoma, NOS X X X 5 
Adenoma, NOS 1 
Carcinosarcoma X 1 

ALL OTHER iSVSTKMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 50' 

Leukemia, mononuclear cell X X 6

'  Animals necropsied 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO-YEAR GAVAG E STUDY OF BENZENE : HIGH DOSE 

ANIMA L 01 0 0 01 0 01 0 01 01 0 0 01 01 01 01 01 01 01 01 01 0 0 0 0 
NUMBE R 0 0 0 0 0 0 0 0 0  1 I 1 1 1 1 1 1 1 1 2 2 2 2  2 

l| 2 3 4| 5 6| 7 g| 9| 0 1 2| 3\ 4| 5| 6| 7| g| 9| o| 1 2 3 4 1 
WEEKS O N 01 11 11 11 II 1 01 11 01 01 0 01 01 01 1 01 01 11 11 11 11 01 11 1 i 
STUDY 7 0 0 0 0 0 9 0 8 7 8 9 5 9 0 0 6 0 0 0 0 8 0 0 0 

S| 4| 4| 4| 4| 4 7| 4| 3| 5| 3 g| ?| g| 1 2| 2| 4| «| 4J 4] 7| 4J 4 4 

INTEGUMENTARY SYSTEM 
Skin 

Squamous cell carcinoma X 
Subcutaneous tissue 

Fibroma 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Carcinoma, NOS, metastatic X X 
Trachea 

HEMATOPOIETIC SYSTEM 
Bone marrow 
Spleen  ::: : :Lymph nodes :::: :::::  :::::::! ::: 
Thymus 

CIRCULATORY S YS'l U.M 
Heart + + + + + + + + + + + + + + + + H. H. H. + + + + + + 

Carcinoma, NOS, metastatic 

DlGEsTlvE SYSTEM 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N  N N 

Squamous cell papilloma X X  X X 
Squamous cell carcinoma X  X X X 

Salivary gland 
Liver 

4. 
Gallbladder it common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 
Bile duct 

Pancreas 
Esophagus + 
Stomach 

Squamous cell papilloma X 
Small intestine + 
Large intestine + + + + + + + + + + + + + + ^ + 4. + + + +  + + 

URINAKY SYSTEM 
Kidney
Urinary bladder ::::::::::::::::::::::::: 
ENDOCRINE SYSTEM 
Pituitary + + + + + + + + ^ + 4. + + + + + + + +  + . + + +

Adenoma, NOS X X  X X 
Adrenal 4.
 

Cortical adenoma
 
Pheochromocytoma

Thyroid
C-cell adenoma X 
C-cell carcinoma X 

Parathyroid _ > + + + + + + + + + + _ + + _ + +. + + + + + _ * 
REPRODUCTIVE SYSTEM 
Mammary gland N 

Fibroadenoma X X 
Preputial/chtoral gland N N N N N N N N N N N N N N N N N N N N N N N  N N 
Carcinoma, NOS X 

Uterus >• 

Adenocarcmoma, NOS X
 
Endometrial stromal polyp X X X X  X X X X
 

Ovary 

NERVOUS SYSTEM 
+Brain 

Aatrocytoma 

SPECIAL SENSE ORGANS 
Harderian gland + + + + + + + + + + + _ + + + _ + + + + + + + .̂ + 
Zyrabal gland + 4- + + + -+- + + + -f — + •+• + •*• — + + + + + + + + + 
Carcinoma. NOS X X X X  X X X X 
Adenoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N  N N 

Leukemia, mononuclear cell X X X 
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TABLE A4. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

ANIMA L	 01 01 01 0 0 0 0 0 01 01 0 0 0 01 0 0 01 01 01 0 01 01 01 01 0 
NUMBER	 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  4 4 4 5 

6| 7| 8| 9 0 1  2 3 4| s| 6 7 8 9| 0 1 2\ 3\ 4J 5 6| ?| 8| 9\ 0 TOTAL 

WEEKS ON i\ 61 01 6 l ll 11 ll 11 ol 1 l 0 l l 01 61 i 11 1 11 01 61 ll 1 TISSUES 
STUDY 0 0 9 3 0 0 0 0 0 6 0 0 9 0  0 9  9 0  0 0 0 9 6 0 0 TUMORS 

INTEGUMENTARY SYSTEM 
Skin 50* 

Squamous cell carcinoma 1 
Subcutaneous tissue 50* 

Fibroma X 1 

RESPIRATORY SYSTEM 
Lungs and bronchi 50 

Carcinoma, NOS, metastatic X 3 
Trachea 48 

HEMATOPOIETIC SYSTEM 
Bone marrow 48 
Spleen 49 
Lymph nodes + + + + — — — + + — + + + + + + + + + + — + + + — 39 
Tnymus 37 

CIRCULATORY SYSTEM 
Heart 50 

Carcinoma, NOS, metastatic X 1 

DIGESTIVE SYSTEM 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 50* 

Squamous cell papilloma X 5 
Squamous cell carcinoma X 5 

Salivary gland 50 
Liver 50 
Bile duct 50 
Gallbladder & common bile duct N N N N N N N N N N N N N N N N N N N N N N N N  N 50* 
Pancreas 49 
Esophagus 49 
Stomach 49 

Squamous cell papilloma 1 
Small intestine 48 
Large intestine 48 

URINARY SYbl t  M 
Kidney 49 
Urinary bladder	 49 

ENDOCRINE SYSTEM 
Pituitary 49 

Adenoma, NOS X X  X X 8 
Adrenal 49 

Cortical adenoma X 1 
Pheochromocytoma X 1 

Thyroid 49 
C-cell adenoma 1 
C-cell carcinoma X 2 

Parathyroid 43 

REPRODUCTIVE SYSTEM 
Mammary gland + + + + + N N N N - ! - N + N N N N - t - + N N +  N +  + N 50* 
Fibroadenoma X X 4 

Preputial/clitoral gland N N N N N N N N N N N N N N N N N N N N N N N N  N 50* 
Carcinoma, NOS X X 3 

Uterus 50 
Adenocarcinoma, NOS X 2 
Endometrial stromal polyp X  X X X  X X 14 

Ovary	 50 

NERVOUS SYSTEM 
3ram 50 

Astrocytoma X 1 

SPECIAL SENSE ORGANS 
Harderian gland + + + - t - - f + -t- + + -f + + + + + + + -l- + + + + -f + + 48 
Zymbal gland + — • f - f + + + + + + + + + + -f + + + + + -f —  •*• + + 46 

Carcinoma, NOS X X X X X X 14 
Adenoma, NOS X 1 

ALL OTHER SYSTEMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 50* 

Leukemia, mononuclear cell X X X X X  X 9 

'Animals necropsied 
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS

IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF

BENZENE
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF BENZENE

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

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

INTEGUMENTARY SYSTEM
*SKIN (50) (50) (50) (50)

SQUAMOUS CELL CARCINOMA 2 (4%) 2 (4%)
SQUAM. CELL CARC, UNC PRI OR METAS 1 (2%)
SEBACEOUS ADENOCARCINOMA 1 (2%)

•SUBCUT TISSUE (50) (50) (50) (50)
SARCOMA, NOS 1 (2%) 2 (4%)
FIBROMA t l (2%)
FIBROSARCOMA t6 (12%) 4 (8%) 9 (18%) 3 (6%)
NEUROFIBROSARCOMA 1 (2%)

RESPIRATORY SYSTEM
#LUNG (50) (50) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%) 1 (2%)
SQUAMOUS CELL CARCINOMA, METASTA 8 (16%)
HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 1 (2%) 7 (14%)
ALVEOLAR/BRONCHIOLAR ADENOMA 6 (12%) 6 (12%) 8 (16%) 12 (24%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 5 (10%) 11 (22%) 12 (24%) 14 (28%)
RHABDOMYOSARCOMA, METASTATIC 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (2%)

HEMATOPOIETIC SYSTEM
•MULTIPLE ORGANS (50) (50) (50) (50)

MALIGNANT LYMPHOMA, NOS 3 (6%) 5 (10%) 6 (12%) 10 (20%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (2%)
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 2 (4%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 2 (4%) 3 (6%)
MALIGNANT LYMPHOMA, MIXED TYPE 1 (2%)
LEUKEMIA, NOS 1 (2%) 1 (2%)

#SPLEEN (50) (50) (49) (47)
SARCOMA, NOS, UNC PRIM OR META 1 (2%)
MALIGNANT LYMPHOMA, NOS 1 (2%) 1 (2%) 1 (2%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)

#LYMPH NODE (43) (41) (40) (37)
SQUAMOUS CELL CARCINOMA, METASTA 1 (3%)

#MANDIBULAR L. NODE (43) (41) (40) (37)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (3%)

#AXILLARY LYMPH NODE (43) (41) (40) (37)
FIBROSARCOMA, METASTATIC 1 (3%)

CIRCULATORY SYSTEM
•MULTIPLE ORGANS (50) (50) (50) (50)

HEMANGIOSARCOMA, METASTATIC 1 (2%) 1 (2%)
•SUBCUT TISSUE (50) (50) (50) (50)

HEMANGIOSARCOMA 1 (2%)
#BONE MARROW (49) (50) (50) (49)

HEMANGIOSARCOMA, METASTATIC 1 (2%)
#SPLEEN (50) (50) (49) (47)

HEMANGIOSARCOMA 1 (2%)
HEMANGIOSARCOMA, METASTATIC 1 (2%)

•MUSCLE OF LEG (50) (50) (50) (50)
HEMANGIOSARCOMA 1 (2%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF BENZENE (Continued)

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

CIRCULATORY SYSTEM (Continued)
#HEART (49) (50) (50) (50)

HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (2%)

#LEFT ATRIUM (49) (50) (50) (50)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)

#LEFT VENTRICLE (49) (50) (50) (50)
RHABDOMYOSARCOMA 1 (2%)

#LIVER (50) (50) (50) (48)
HEMANGIOSARCOMA 3 (6%) 1 (2%) 2 (4%) 2 (4%)
HEMANGIOSARCOMA, UNC PRIM OR MET 1 (2%)

#TESTIS (50) (50) (50) (48)
HEMANGIOSARCOMA 1 (2%)
HEMANGIOSARCOMA, UNC PRIM OR MET 1 (2%)

DIGESTIVE SYSTEM
*GUM (50) (50) (50) (50)

SQUAMOUS CELL CARCINOMA 1 (2%)
#LIVER (50) (50) (50) (48)

HEPATOCELLULAR ADENOMA 7 (14%) 11 (22%) 6 (12%) 3 (6%)
HEPATOCELLULAR CARCINOMA 9 (18%) 8 (16%) 17 (34%) 8 (17%)
FIBROSARCOMA, METASTATIC 1 (2%)

#PANCREAS (49) (47) (48) (46)
CARCINOSARCOMA 1 (2%)

#STOMACH (46) (44) (44) (39)
SQUAMOUS CELL CARCINOMA 1 (2%)
FIBROSARCOMA 1 (2%)

#CARDIAC STOMACH (46) (44) (44) (39)
SQUAMOUS CELL PAPILLOMA 2 (4%) \ (2%) 2 (5%) 5 (13%)
SQUAMOUS CELL CARCINOMA 1 (2%) 1 (3%)

#GASTRIC FUNDUS (46) (44) (44) (39)
ADENOCARCINOMA, NOS 1 (3%)
ADENOMATOUS POLYP, NOS 1 (2%)

#JEJUNUM (46) (37) (40) (34)
ADENOCARCINOMA, NOS 1 (3%) 1 (3%)

URINARY SYSTEM
# KIDNEY (50) (50) (50) (49)

HEPATOCELLULAR CARCINOMA, METAST 1 (2%)
ALVEOLAR/BRONCHIOLARCARC, METASTA 1 (2%)
TUBULAR-CELL ADENOMA 1 (2%)
CARCINOSARCOMA, UNC PRIM OR META 1 (2%)

ENDOCRINE SYSTEM
#ADRENAL (48) (50) (49) (47)

CORTICAL ADENOMA 1 (2%)
PHEOCHROMOCYTOMA 1 (2%) 1 (2%) 7 (14%) 1 (2%)

#ADRENAL/CAPSULE (48) (50) (49) (47)
ADENOMA, NOS 2 (4%)

#THYROID (48) (49) (49) (45)
FOLLICULAR-CELL ADENOMA 3 (6%) 1 (2%) 1 (2%)

#PANCREATIC ISLETS (49) (47) (48) (46)
ISLET-CELL ADENOMA 1 (2%)
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF BENZENE (Continued)

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

REPRODUCTIVE SYSTEM
#PREPUTIAL GLAND (22) (28) (29) (36)

CARCINOMA, NOS 2 (7%) 1 (3%) 3 (8%)
SQUAMOUS CELL CARCINOMA 3 (11%) 18 (62%) 28 (78%)
CARCINOSARCOMA 1 (4%) 1 (3%)

#TESTIS (50) (50) (50) (48)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)
SEMINOMA/DYSGERMINOMA 1 (2%)

NERVOUS SYSTEM
NONE

SPECIAL SENSE ORGANS
#HARDERIAN GLAND (50) (48) (49) (49)

CARCINOMA, NOS 1 (2%) 2 (4%) 3 (6%)
ADENOMA, NOS 9 (19%) 13 (27%) 11 (22%)
MIXED TUMOR, MALIGNANT 1 (2%)

#ZYMBAL GLAND (43) (34) (40) (39)
SQUAMOUS CELL CARCINOMA 1 (3%) 4 (10%) 21 (54%)
CARCINOSARCOMA 1 (3%)

MUSCULOSKELETAL SYSTEM
NONE

BODY CAVITIES
•MEDIASTINUM (50) (50) (50) (50)

HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 1 (2%)
ALVEOLAR/BRONCHIOLARCARC, METASTA 1 (2%) 2 (4%)

ALL OTHER SYSTEMS
•MULTIPLE ORGANS (50) (50) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%)
SQUAMOUS CELL CARCINOMA, METASTA 2 (4%)
HEPATOCELLULAR CARCINOMA, METAST 1 (2%)
ALVEOLAR/BRONCHIOLARCA, METASTA 2 (4%) 1 (2%) 1 (2%)
FIBROSARCOMA, METASTATIC 1 (2%) 2 (4%)

ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50 50

NATURALDEATH 14 18 15 20
MORIBUND SACRIFICE 6 7 16 21
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 28 22 18 7
DOSING ACCIDENT 2 3 2
ACCIDENTALLY KILLED, NOS 1
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TABLE Bl. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN| MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 33 40 48 45 

TOTAL PRIMARY TUMORS 49 84 118 148 
TOTAL ANIMALS WITH BENIGN TUMORS 18 25 27 25 

TOTAL BENIGN TUMORS 20 33 38 34 
TOTAL ANIMALS WITH MALIGNANT TUMORS 24 34 43 45 

TOTAL MALIGNANT TUMORS 29 50 78 112 
TOTAL ANIMALS WITH SECONDARY TUMORS## 3 6 14 19 

TOTAL SECONDARY TUMORS 4 7 17 25 
TOTAL ANIMALS WITH TUMORS UNCERTAIN -
BENIGN OR MALIGNANT 

TOTAL UNCERTAIN TUMORS 
TOTAL ANIMALS WITH TUMORS UNCERTAIN -
PRIMARY OR METASTATIC 1 1 2 

TOTAL UNCERTAIN TUMORS 1 2 2 

* NUMBER OF ANIMALS NECROPSIED 
** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
t MULTIPLE OCCURRENCE OF MORPHOLOGY IN THE SAME ORGAN. TISSUE IS COUNTED ONCE ONLY. 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF BENZENE

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

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

INTEGUMENTARY SYSTEM
*SKIN (50) (50) (50) (50)

SQUAMOUS CELL PAPILLOMA 1 (2%) 1 (2%)
SEBACEOUS ADENOMA 1 (2%)
KERATOACANTHOMA 1 (2%)

*SUBCUT TISSUE (50) (50) (50) (50)
SARCOMA, NOS 1 (2%)
FIBROSARCOMA 1 (2%) 4 (8%) 3 (6%) 1 (2%)
OSTEOSARCOMA 1 (2%)

RESPIRATORY SYSTEM
#LUNG (50) (47) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%) 2 (4%) 3 (6%)
CARCINOMA, NOS, UNC PRIM OR META 1 (2%)
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%)
ISLET-CELL CARCINOMA, METASTATIC 1 (2%)
HEPATOCELLULAR CARCINOMA, METAST 1 (2%) 2 (4%)
ALVEOLAR/BRONCHIOLAR ADENOMA 4 (8%) 2 (4%) 5 (10%) 9 (18%)
ALVEOLAR/BRONCHIOLAR CARCINOMA 3 (6%) 6 (12%) 6 (12%)
GRANULOSA-CELL CARCINOMA,METAST 1 (2%)
CARCINOSARCOMA, METASTATIC 1 (2%)
OSTEOSARCOMA, METASTATIC 1 (2%)

HEMATOPOIETIC SYSTEM
•MULTIPLE ORGANS (50) (50) (50) (50)

MALIGNANT LYMPHOMA, NOS 13 (26%) 15 (30%) 16 (32%) 13 (26%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (2%) 1 (2%) 1 (2%)
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 2 (4%) 2 (4%) 2 (4%) 4 (8%)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 2 (4%) 3 (6%) 1 (2%)
MALIGNANT LYMPHOMA,MIXED TYPE 1 (2%)
LEUKEMIA, NOS 2 (4%) 2 (4%)
UNDIFFERENTIATED LEUKEMIA 1 (2%)

#SPLEEN (49) (49) (50) (49)
MALIGNANT LYMPHOMA, NOS 2 (4%) 1 (2%)
MALIG. LYMPHOMA, UNDIFFER-TYPE 1 (2%)
MALIGNANT LYMPHOMA, MIXED TYPE 1 (2%)

#RENAL LYMPH NODE (46) (43) (39) (45)
FIBROSARCOMA, METASTATIC 1 (2%)

#UTERUS (50) (49) (50) (50)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)

CIRCULATORY SYSTEM
•PERITONEAL CAVITY (50) (50) (50) (50)

HEMANGIOSARCOMA 1 (2%)
*SUBCUT TISSUE (50) (50) (50) (50)

HEMANGIOMA 1 (2%)
HEMANGIOSARCOMA 1 (2%)

#SPLEEN (49) (49) (50) (49)
HEMANGIOSARCOMA 1 (2%)

#PANCREATIC L. NODE (46) (43) (39) (45)
HEMANGIOSARCOMA, METASTATIC 1 (2%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IT*FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF BENZENE (Continued)

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

CIRCULATORY SYSTEM (Continued)
#MESENTERIC L. NODE (46) (43) (39) (45)

HEMANGIOSARCOMA, METASTATIC 1 (2%)

DIGESTIVE SYSTEM
#LIVER (50) (49) (50) (50)

HEPATOCELLULARADENOMA 1 (2%) 8 (16%) 5 (10%) 4 (8%)
HEPATOCELLULARCARCINOMA 3 (6%) 4 (8%) 8 (16%) 4 (8%)

#STOMACH (43) (45) (45) (43)
SQUAMOUS CELLPAPILLOMA 1 (2%)

#CARDIAC STOMACH (43) (45) (45) (43)
SQUAMOUS CELL PAPILLOMA 1 (2%) 3 (7%) 6 (13%) 4 (9%)

#JEJUNUM (40) (42) (44) (41)
ADENOCARCINOMA, NOS 1 (2%)

URINARY SYSTEM
#KIDNEY (50) (49) (50) (50)

TUBULAR-CELL ADENOCARCINOMA 1 (2%)

ENDOCRINE SYSTEM
#PITUITARY (46) (39) (45) (35)

ADENOMA, NOS 13 (28%) 5 (13%) 6 (13%) 4 (11%)
#ADRENAL (50) (49) (50) (49)

CORTICAL ADENOMA 1 (2%) 1 (2%) 1 (2%)
PHEOCHROMOCYTOMA 6 (12%) 1 (2%) 1 (2%) 1 (2%)
PHEOCHROMOCYTOMA, MALIGNANT 2 (4%)

#ADRENAL/CAPSULE (50) (49) (50) (49)
ADENOMA, NOS 3 (6%)

#THYROID (49) (46) (48) (47)
FOLLICULAR-CELL ADENOMA 3 (6%) 1 (2%) 1 (2%) 1 (2%)

#PANCREATIC ISLETS (47) (46) (48) (43)
ISLET-CELL ADENOMA 1 (2%)
ISLET-CELL CARCINOMA 1 (2%)

REPRODUCTIVE SYSTEM
*MAMMARY GLAND (50) (50) (50) (50)

CARCINOMA, NOS 2 (4%) 5 (10%) 8 (16%)
SQUAMOUS CELL CARCINOMA 2 (4%)
CARCINOSARCOMA 1 (2%) 4 (8%)

#UTERUS (50) (49) (50) (50)
ADENOCARCINOMA, NOS 1 (2%) 1 (2%)
LEIOMYOMA 1 (2%)
ENDOMETRIAL STROMAL POLYP 2 (4%) 1 (2%)

#UTERUS/ENDOMETRIUM (50) (49) (50) (50)
ADENOCARCINOMA, NOS 1 (2%)

#OVARY (48) (49) (49) (49)
PAPILLARY CYSTADENOMA, NOS 2 (4%) 1 (2%)
LUTEOMA 2 (4%) 3 (6%) 2 (4%)
GRANULOSA-CELL TUMOR 1 (2%) 1 (2%) 6 (12%) 7 (14%)
GRANULOSA-CELL CARCINOMA 1 (2%)
TUBULAR ADENOMA 3 (6%) 3 (6%)
MIXED TUMOR, BENIGN 1 (2%) 12 (24%) 7 (14%)
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY IN BENZENE (Continued)

CONTROL LOW MID HIGH
(VEH) DOSE DOSE DOSE

NERVOUS SYSTEM
#BRAIN (49) (50) (50) (49)

ASTROCYTOMA 1 (2%)

SPECIAL SENSE ORGANS
*EYE (50) (50) (50) (50)

MALIGNANT MELANOMA 1 (2%)
#HARDERIAN GLAND (49) (49) (50) (48)

CARCINOMA, NOS 4 (8%)
ADENOMA, NOS 5 (10%) 6 (12%) 10 (20%) 6 (13%)

#ZYMBAL GLAND (43) (33) (37) (31)
SQUAMOUS CELLCARCINOMA 1 (3%) 3 (10%)
CARCINOSARCOMA 1 (3%)

MUSCULOSKELETAL SYSTEM
*SKULL (50) (50) (50) (50)

OSTEOSARCOMA 1 (2%)
*FEMUR (50) (50) (50) (50)

FIBROSARCOMA, METASTATIC 1 (2%)
*MUSCLE OF BACK (50) (50) (50) (50)

SARCOMA, NOS 1 (2%)

BODY CAVITIES
THORACIC CAVITY (50) (50) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%)
*MEDIASTINUM (50) (50) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%)
ALVEOLAR/BRONCHIOLAR CARC, METASTA 1 (2%)

ALL OTHER SYSTEMS
•MULTIPLE ORGANS (50) (50) (50) (50)

CARCINOMA, NOS, METASTATIC 1 (2%)
SQUAM. CELL CARC, UNC PRI OR METAS 2 (4%)
ADENOCAR, NOS, UNC PRIM OR METASTA 1 (2%)
SARCOMA, NOS, METASTATIC 1 (2%)
OSTEOSARCOMA, METASTATIC 1 (2%)

ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STUDY 50 50 50 50

NATURAL DEATH 10 12 9 17
MORIBUND SACRIFICE 6 17 16
SCHEDULED SACRIFICE
TERMINAL SACRIFICE 30 25 24 16
DOSING ACCIDENT 4 1
ACCIDENTALLY KILLED, NDA 1
ACCIDENTALLY KILLED, NOS 4
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY IN BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

TUMOR SUMMARY 
TOTAL ANIMALS WITH PRIMARY TUMORS** 36 40 48 48 

TOTAL PRIMARY TUMORS 65 70 124 115 
TOTAL ANIMALS WITH BENIGN TUMORS 23 23 35 26 

TOTAL BENIGN TUMORS 38 30 60 47 
TOTAL ANIMALS WITH MALIGNANT TUMORS 24 33 38 37 

TOTAL MALIGNANT TUMORS 26 39 57 58 
TOTAL ANIMALS WITH SECONDARY TUMORS## 4 2 4 9 

TOTAL SECONDARY TUMORS 6 2 5 11 
TOTAL ANIMALS WITH TUMORS UNCERTAIN -
BENIGNO R MALIGNANT  1 1 6 7 

TOTAL UNCERTAIN TUMORS  1 1 6 7 
TOTAL ANIMALS WITH TUMORS UNCERTAIN -
PRIMARY OR METASTATIC 1 3 

TOTAL UNCERTAIN TUMORS 1 3 

* NUMBER OF ANIMALS NECROPSIED 
** PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS 
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
## SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: VEHICLE CONTROL 

ANIMAL
 
NUMBER
 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM 
Subcutaneous tissue 

Fibrosarcoma 

RESPIRATORY SYSTtUM 
Lungs and bronchi 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

HEMATUPOl£TIU SYSTEM 
Bone marrow 
Spleen

Malignant lymphoma, NOS 
Lymph nodes 
Thymus 

CIRCULATORY SYSTEM 
Heart 

IMCKsTlVE iSVyTEM
Salivary gland
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangioaarcoma

Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagus 

Squamous cell papilloma 
Small intestine 
Large intestine 

URINARY SYSTEM 
Kidney 
Urinary bladder 

ENDOCRINE SYs'l'KM 
Pituitary 
Adrenal 

Pheochromocytoma
Thyroid 

FoUicular-cell adenoma 
Parathyroid
Pancreatic islets 
Islet-cell adenoma 

REPRODUCTIVE SYSTEM 
Mammary gland 
Testia 
ProstaU 
Preputial/clitoral gland 

NERVOU s s Y arc! M 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland 

Carcinoma, NOS 
Zymbal gland 

BODY CAVITIES 
Mediastinum 

Hepatocellular carcinoma, metastatic 

ALL OTHER SYSTEMD 
Multiple organs, NOS 

Fibrosarcoma, metastatic 
Hemangioaarcoma, metastatic 
Malignant lymphoma, NOS 

01 01 01 0 01 0 0 01 0 0 0 01 01 01 0 0 01 01 0 0 01 01 01 0 0 
0 0 0 0 0 0 0 0 0  1 1 t i l  l 1 1 1 1  2 2 2 2 2 2 
l| 2| 3| 4 5| 6 7 8| 9 0 1 2\ 3\ 4| 5 6 ?| »| 9 0 l| 2\ 3\ 4 5 

11 1 11 11 01 11 11 11 01 11 11 I 01 11 01 01 11 11 1 01 0 11 11 1 1 
0 0 0 0 8 0 0 0 4 0 0 0 8 0 0 4 0 0  0  4 8 0 0 0 0 
4J 4J 4J 4| 6| 3| 4| 4| l| 4| 4| 4 l| 4| 3\ 3\ 4J 4| 4 l| 7 4| 4J 4 4 

X 

X J 
X X X 

+ 

X  X X  X X X 
X  X X 

X 

X X 

•t 
X

— — + — + + + — — + — — + — — — + — + + + + — t ^ 

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

+. + _ + + __ + -_ + + + + _ + .,..» 
— 

X 

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

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

X 
X 

Tissue examined microscopically 
Required tissue not examined microscopically 

N :
:
 Necropsy, no autolysis. No microscopic examination 
 No tissue information submitted 

tumor incidence 
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TABLE B3. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF MALE MICE: VEHICLE
 

ANIMAL
 
NUMBER
 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM 
Subcutaneous tissue 

Fibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Hepatocellular carcinoma, metastatic 
Alveolar/bronctuolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

HEMATOPOIETIU SYSTEM 
Bone marrow 
Spleen 

Malignant lymphoma, NOS 
Lymph nodei 
Thymus 

CIRCULATORY SYSTEM 
Heart 

DIGESlWE sYiiVEM 
Salivary gland 
Liver 
Hepatocellular adenoma
 
Hepatocellular carcinoma
 
Hemangioaarcoma
 

Bile duct 
Gallbladder It common bile duct 
Pancreai 
Esophagus 
Stomach 

Squamous cell papilloma 
Small intestine 
Large intestine 

URINAK I Ols'lUM 
Kidney
Urinary bladder 

ENDOCRINE StSilEM 
Pituitary 
Adrenal 

Pheochromocytoma 
Thyroid 

Follicular-cell adenoma 
Parathyroid 
Pancreatic islets 
Islet-cell adenoma 

REPRODUCTIVE SYSTEM 
Mammary gland 
Testis 
Prostate 
Preputial/clitoral gland 

NERVOUS SYSTEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland 
Carcinoma, NOS 

Zymbal gland 

BODY CAVITIES 
Mediastinum 

Hepatocellular carcinoma, metaatatic 

ALL OTHER S iSI Ei MS 
Multiple organs, NOS 
Fibrosarcoma, metastatic 
Hemangiosarcoma. metastatic 
Malignant lymphoma, NOS 

• Animals necropsied 
@ Multiple occurrence of morphology 

CONTROL (Continued) 

01 0 01 01 01 0 0 0 0 0 0 0 01 0 01 01 01 01 01 01 01 01 01 01 0 
2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4  4 4 4 4 4 4 4 5 
6| 7 8| 9| 0| 1 2 3 4 5 6 7 »| 9 0| l| 2| 3| 4| S\ S\ 1\ %\ 9| 0 TOTAL 

11 01 11 01 11 11 I I 11 01 11 11 1] 01 01 11 01 01  I I 01 11 01 11 01 11 1 TISSUES 
0 3 0 8 0 0 0 0 9 0 0 0 7 5\ 0 8 9 0 9 0 9 0 9 0 0 TUMORS 
2| 6| 2| 2| 2| 4| 3\ *\ 9| 4| 4| 4] 7| 9| 4| s| 3\ 4J 9| 4J 2| 4| 7| 4| 4 

•!.	 + + -l- + + - t - N - !  - + + + -t- + + + + + -t- + -l- + +. + -H 50* 
X X X X X® 6 

SO 
X I 

X X X X 6 
X X 5 

49 

49 
50 

X 1 
43 
34 

49 

50 
50 

X 7 
X X X X X X 9 

X X 3 
50 

• t - - t  - + - t - N - t - f + - t - - t   + - t - N + - t - - t - N - t   + t - - i - N - t   + -i 50* 
49 
50 
46 

2 
46 
50 

50 
46 

46 
48 

X 1 
48 

X X 3 
21 
49 

X 1 

N N N N  N + + + N + N N N N N N N N N N N - I - N N  N	 50* 
50 
50 

+ —	 — _ +  > _ + — — — + <• — + — + -.- — — — + + — 22 

50 

50 
1 

43 

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

N N N N N N N N N N N N N N N N N N N N N N N N  N	 50* 
1 
1 

X X	 3 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: LOW DOSE 

ANIMAL 
NUMBER 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM 
Subcutaneous tissue 

Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi 

Carcinoma, NOS, metastattc 
Hepatocelluiar carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

HEMATUPOIETiC S'Y' STEM 
Bone marrow 
Spleen

Sarcoma, NOS, unc prim or metastatic 
Malignant lymphoma, NOS 

Lymph nodes 
Squamous cell carcinoma, metastatic 

Thymus 

CIRCULATORY SYSTEM 
Heart 

Hepatocelluiar carcinoma, metastatic 

DIGESTIVE SYSTEM 
Salivary gland
Liver 

Hepatocelluiar adenoma
 
Hepatocelluiar carcinoma
 
Hemangiosarcoma


Bile duct 
Gallbladder & common bile duct 
Pancreas 

Carcmosarcoma 
Esophagus
Stomach 

Squamous cell papilloma
Squamous cell carcinoma
Adenomatoua polyp, NOS 

Small intestine 
Adenocarcinoma, NOS 

Large intestine 

URINARY SYSTEM 
Kidney
Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary 
Adrenal 

Adenoma, NOS 
Pheochromocytoma

Thyroid
Parathyroid 

REPRODUCTIVE SYSTEM 
Mammary gland 
Testis 

Senunoma/dysgermmoma
Hemangiosarcoma

Prostate 
Preputial/clitoralgland

Carcinoma, NOS
 
Squamous cell carcinoma

Carcinosarcoma
 

NERVOUS SYSTEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland
Carcinoma, NOS 
Adenoma, NOS 
Mixed tumor, malignant 

Zymbal gland
Squamous cell carcinoma 

ALL OTHttt sVsi'cMS 
Multiple organs, NOS 

Hepatocelluiar carcinoma, metastatic 
Alveolar/bronchiolar carcm, metastatic 
Malignant lymphoma, NOS 
Mali! lymphoma, lymphocytic type
Malignant lymphoma, mixed type

Leukemia, NOS
 

1  Multiple occurrence of morphology 

01 01 01 01 0 0 0 0 01 01 01 01 0 01 01 01 01 01 01 0 0 01 01 0 n
0 0 0 0 0 0 0  0 0 1 1 1 1 1 1 1 1 1 1 2  2 2 2 2 •>,
1| 2| 3| 4| 5 6 7 8 9| 0| l| 2| 3 4| s| 6| 1\ g| 9\ 0 1 2| 3\ 4 5 

01 01 11 11 1] 01 II 11 11 01 11 01 01 01 01 01 01 11 11 11 01 01 11 0 0 
9 8 0 0 0 9 0 0 0 2 0 9 8 3 4 0 9 0 0 0 6 8 0 9 7 
4| 6| l| 4| 4| 0| 4| 4| 4| 8\ 4| 6| 4J 9| 4| 0| 1\ 2\ 4\ 3\ S\ 5| 4| 0 4 

x@ X 

X X X 

X 
X  X X X 

X X X 

+ 
X 

-

X 

+ 
+ 

X 
X X X X 

X 
+ 
N 

X 

X 

+ 
X 

- + - - + + + + 
N N N N N N N N N N N N N N N N N N N N  N + N N N 

1 

X 

X 

X 
X X X 

X 
+ 

X 

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

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

ANIMAL 01 01 0 0 0 0 0 01 01 01 01 01 01 01 01 01 01 0| 01 01 0 01 01 01 0
NUMBER 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 + 4 4 4 4 4 4 4 4 5

6| 7| 8 9 0 1 2 3| 4| 5| 6| ?| 8| 9| o| l| 2\ 3| 4| 5| 6 7\ 8| 9| 0 TOTAL

WEEKS ON 11 11 11 11 11 01 11 11 01 11 11 01 11 11 11 1 01 II 11 01 11 11 11 11 0 TISSUES
STUDY 0 0 0 0 0 0 0 0 3 0 0 8 0 0 0 0 8 0 0 8 0 0 0 0 9 TUMORS

3| 4| 2| 4| 4| l| 4| 4| 8| 4| 4| l| 4| 4| o| 4 3\ 4| 4| 6\ 4| l| 4| 4 7

INTEGUMENTARY SYSTEM
Subcutaneous tissue + + + + + + + + + + + + + + + + + + + + + + + + + 50*

Sarcoma, NOS 1
Fibroma I
Fibrosarcoma X 4

RESPIRATORYSYSTEM
Lungs and bronchi 50

Carcinoma, NOS, metastatic X 1
Hepatocellular carcinoma, metastatic 1
Alveolar/bronchiolar adenoma X X 6
Alveolar/bronchiolar carcinoma X X X  X X X X X 11

Trachea 49

HEMATOPOIETIC S^( blC.M
Bone marrow 50
Spleen 50

Sarcoma, NOS, unc prim or metastatic X 1
Malignant lymphoma, NOS X 1

Lymph nodes 41
Squamous cell carcinoma, metastatic 1

Thymus 27

CIRCULATORY SVis'l C.M
Heart 50

Hepatocellular carcinoma, metastatic 1

DIGESTIVE SYS'i'£ta
Salivary gland 49
Liver 50

Hepatocellular adenoma X X X X X X X X X X 11
Hepatocellular carcinoma X X  X X 8
Hemangioaarcoma 1

Bile duct 50
Gallbladder &common bile duct 50*
Pancreas 47
Carcmosarcoma X 1

Esophagus 50
Stomach 44

Squamous cell papilloma 1
Squamouscell carcinoma X 1
Adenomataus polyp, NOS X 1

Small intestine 37
Adenocarcmoma, NOS 1

Large intestine 50

OWNAft Y SYSTEM
Kidney 50
Urinary bladder 44

ENDOCRINE SYSTEM
Pituitary 43
Adrenal 50

Adenoma, NOS X 2
Pheochromocytoma X 1

Thyroid 49
Parathyroid 15

REPRODUCTIVE SYSTEM
Mammary gland N N N N N N N N N N N + N N N N N N N N N N N N N 50*
Testis 50

Semmoma/dysgerminoma X 1
Hemangiosarcoma X 1

Prostate 50
Preputial/clitoralgland 28

Carcinoma, NOS X 2
Squamous cellcarcinoma X X X 3
Carcmosarcoma 1

NERVOUS SYSTEM
Brain 50

SPECIAL SENSE ORGANS
Harderian gland 48
Carcinoma,NOS X 2
Adenoma, NOS
Mixed tumor, malignant

Zymbal gland
Squamous cell carcinoma

+ + + + + — + _ + _ .
X X

_ + + _
 X

_ + + +
X

 +
 X

 - + -
X 9

1
34
1

ALL OTHER SYSTEMS
Multiple organs,NOS N N N N N N N N N N N N N N N N N N N N N N N N N 50*

Hepatocellular carcinoma, metastatic X 1
Alveolar/bronchiolarcarcin, metaitatic X X 2
Malignant lymphoma, NOS X X  X X 5
Malig. lymphoma, lymphocytic type 2
Malignant lymphoma, mixed type X 1
Leukemia, NOS X 1

• Animals necropsied
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: MID DOSE 

ANIMAL 0 0 01 01 01 0 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 
NUMBER 0 0 0 0 0  0 0 0 0 1 1 1 1 1 1 1 1 1 I 2 2 2 2 2 2 

1 2 3| 4| 5| 6 7| 8| 9| o| l| 2| 3| 4J 5| 6| 7| 8| 9| 0| l| 2J 3| 4J 5 

WEEKS ON
 11 11 II 11 01 01 11 11 01 01 01 11 01 1 01 11 11 01 1 11 0 01 01 01 0 
STUDY
 0 0 0 0 7 6 0 0 8 9 8 0 9 0 9 0 0 9 0 0 8 8 2 9 9 

4| 4| 0| 4| 7| 6| 3| l| 8| S| 7| 3| 9| 0 4| 4| <t|  l| 4| 4| 5 4| 9| 7| 7 

INTEGUMENTARY SYSTEM 
Skin + - l - - ( - - ( - . f - (  - +  + N + -t- + + + 

Squamoua cell carcinoma 
Subcutaneous tissue 

Fibrosarcoma
 X X X X
Neurofibroaarcoma
 

RESPIRATORY yVsTEKf 
Lungs and bronchi 

Hepatocellular carcinoma, metastatic X X  X X 
Alveolar/bronchiolar adenoma X  X X X X X 
Alveolar/bronchiolar carcinoma X X X X X X X 

Trachea 

HEMATOPOIElIC SYSTEM 
Bone marrow 
Spleen

Malig. lymphoma, histiocytic type 
Lymph nodes 

Fibrosarcoma, metastatic X 
Thymus + _ +  _ _ +  _ _ +  _ _

Heart 
Hepatocellular carcinoma, metastatic X 

Salivary gland
Liver 

Hepatocellular adenoma X X 
Hepatocellular carcinoma X X X X X X X X X 
Fibroaarcoma, metaatatic X 
Hemangiosarcoma X 
Hemangioaarcoma, unc prim or meta X 

Bile duct 
Gallbladder It common bile duct 
Pancreas 
Esophagus
Stomach 

Squamoua cell papilloma
 X
 
Sauamous cell carcinoma
 X
 
Fibrosarcoma X
 

Small intestine 
Large intestine 

UfUMAK I SIS1EM 
Kidney

Hepatocellular carcinoma, metastatic X 
Tubular-cell adenoma X 

Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary
Adrenal 

Pneochromocytoma X X X X 
Thyroid

Follicular-cell adenoma 
Parathyroid _ _ + _ + _ + + _ _  X + + _ + _ + + __ + _ + 
REPRODUCTIVE sVsTEM 
Mammary gland N N N N N N N N N N  N N N N N N N N N N N N N N  N 
Testia 

Hemangioaarcoma, unc pnm or mete. X 
Prostate 
PreputxaVclitoralgUjnd
Carcinoma, NOS
 X 
Squamous cell carcinoma
 X X X X X X X X X X X 

NERVolls'sYs'irKU 
Brain 

SPECIAL SENSE O KUANS 
Hardenan gland + + .,. + + + + + + + 

Adenoma, NOS X X X X X 
Zymbal gland

Squamoua cell carcinoma X 

BODY CAVITIES 
Mediastinum N N N N N N N N N N  N N N N N N N N N N N N N N  N 

Hepatocellular carcinoma, metaatatic 
Alveolar/bronchiolar carctn, metaatatic X 

ALL OTHER sVHTEMS 
Multiple organs, NOS N N N N N N N N N N  N N N N N N N N N N N N N N  N 
Carcinoma, NOS, metastatic X 
Alveolar/bronchiolar carcin, metaatatic X 
Fibroaarcoma, metaatatic X X 
Malignant lymphoma, NOS X X X X 
Malig. lymphoma, histiocytic type 
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TABLE B3. INDIVIDUA L ANIMA L TUMO R PATHOLOGY OF MALE MICE: MID DOSE 

ANIMAL 
NUMBER 

WEEKS ON
 
STUDY
 

INTEGUMENTARY SYSTEM 
Skin 

Squamous cell carcinoma 
Subcutaneous tissue 

Fibrosarcoma 
Neurofibroaarcoma 

RESPIRATORY 3*Y STEM 
Lungs and bronchi 

Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

HEMATOPOIETlO iii STrJM 
Bone marrow 
Spleen

Malig. lymphoma, histiocytic type 
Lymph nodes 

Fibrosarcoma, metastatic 
Thymus 

CIRCULATORY Si SI tM 
Heart 

Hepatocellular carcinoma, metastatic 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Fibrosarcoma, metastatic 
Hemangiosarcoma
Hemangiosarcoma, unc prim or meta 

Bile duct 
Gallbladder It common bile duct 
Pancreas 
Esophagus
Stomach 

Squamous cell papilloma
 
Squamous cell carcinoma
 
Fibrosarcoma 

Small intestine 
Large intestine 

URINARY SY^l'HM 
Kidney
Hepatocellular carcinoma, metastatic 
Tubular-cell adenoma 

Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary
Adrenal 

Pheochromocytoma
Thyroid

Follicular-cell adenoma 
Parathyroid 

REPRODUCTIVE SYSTEM 
Mammary gland 
Testis 

Hemangioaarcoma, unc prim or mats 
Prostate 
Preputial/clitoralgland
Carcinoma, NOS 
Squamous cell carcinoma 

NERVOUS yV SIEM 
Brain 

SPECIAL SENSE ORGANS 
Harderian gland 

Adenoma. NOS 
Zymbal gland

Squamous cell carcinoma 

BODY CAVITIES 
Mediastinum 

Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar carcin, metastatic 

ALL OTHER SI S" 1 i Ina 
Multiple organs, NOS 
Carcinoma, NOS, metastatic 
Alveolar/bronchiolar carcin, metastatic 
Fibrosarcoma. metaatatic 
Malignant lymphoma, NOS
 
Malig. lymphoma, histiocytic type
 
Leukenua.NOS 

' Animals necropsied 

(Continued) 

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 
2 2 2 2 3\ 3\ 3\ 3\ 3\ 3\ 3\ 3\ 3\ 3\ 4 4 4 4 4 4 4 4 4 4  5 
6| 7| 8| 9| 0| l| 2| 3\ i| S\ 6| 7| s| 9| o| ll 2\ 3\ 4| s| 6| 1\ g| 9| 0 

11 11 11 11 11 11 11 01 11 01 11 01 11 01 01 11 01 11 11 01 01 01 01 11 0 
0 0 0 0 0 0 0 9 0 8 0 8 0 9 4 0 6 0 0 6 7 9 9 0 7 
4| 4| 2| 4| 4| 4| 0| 3\ i| 9| 4| 3\ 4| 4| 3\ 4J 4J 4| 2| 9| l| l| 4| 4| 8 

X

X X
X 

X
X

X

X X  X
X X X  X 

X X

__ + * + _ + _ + _ 

X 

X  X X 

X X 
X 

X X X X 

X 

X 
X X X X 

X 

X 

X 

+ _ * * + + + _ + _ _ 

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

+ + _ + + + __ + + + _ . , . _ + + _ + _ + + 

X X X  X X X X 

X X X X X X X X 

X  X X 

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

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

X X 
X X 

X 

TOTAL 

TISSUES 
rUMORS 

50* 
2 

50* 
9 
1 

50 
7 
8 

12 
48 

50 
49 
1 

40 
1 

21 

50 
1 

50 
50 

6 
17 
1 
2 
1 

50 
50« 
48 
50 
44 

2 
1 
1 

40 
49 

50 
1 
1 

43 

42 
49 

7 
49 
1 

23 

50* 
50 
1 

50 
29 
1 

18 

50 

49 
13 
40 

4 

50» 
1 
1 

50* 
1 
1 
2 
6 
2 
1
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TABLE B3. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAG E STUDY OF BENZENE : HIG H DOSE 

ANIMAL 0 0 0 0 0 01 0 0 0 0 0 0 0 01 0 0 0 01 01 01 01 01 01 01 0 
NUMBER 0 0 0 0 0 0 0 0 0  1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  2 

1 2 3 4 5 6| 7 8 9 0 1 2 3 4 5 6 7 i\ 9\ o| l| 2| 3\ 4| 5 

WEEKS ON 1! Of 01 01 11 0 1] 01 11 0 0 01 0|  01 0 01 01 11 01 11 0! 1! 01 1! 0 
STUDY 0 7 7 9 0 9 0 5 0 7  8 9 9 0 9 9 9 0 7 0 8 0 8 0 9 

l| 4| 4J 5| 4| 0 0| 4| 4J 6 1 T\ s| 7\ 2 i\ 3\ 4J 8| 4) l| 2| »| 2| 9 

IN lsl>UMENTARY SYSTEM 
Skin 

Squamoua cell carcinoma X 
Squamoua cell carcin. one prim/meta X 
Sebacaoua adanocarcmotna X 

Subcutaneous tissue 
Sarcoma. NOS X X 
Fibrosarcoma X X 
Hemangioaarcoma X 

RESPIRATORY SVSTEM 
Lungi And bronchi 

Carcinoma, NOS, metaatatic X 
Squamoui call carcinoma, metaatatic X X X 
Alveotar/bronchiolar adenoma X X  X X  X X 
Alveolar/bronchtolar carcinoma X X X X X X 
Rhabdomyoaarcoraa, metaatatic 
Carcmoaarcoma, meuatatic 

Traehaa 

HEMA rOPOlE 1 HJ SYS1C.M 
Bone marrow 

Hemangioaarcoma, metaatatic 
Spleen 

Hemangioaarcoma X 
Hemanfioaarcoraa, metaiUUc 
Malignant lymphoma, NOS 

Lymph nodes 
Squamoua cell carcinoma, mataataUc 
Carciooaarcoma, metaatatic 

Thymua - • f - + + - _  - + _ _ _ - »  - + - t - - - - f - - - - >  - + 

CIRCULATORY SYSTEM 
Heart 

Squamoua cell carcinoma, metaatatic X 
Rnabdomyoaarcoma
Carcmoaarcoma, metaatatic 

lildEtfHVE bYtfrE M 
Oral cavity N N N N N N N N N N N N N N N N N N N N N N N N  N 

Squamoua call carcinoma 
Salivary gland 
Liver 

Hepatocallular adenoma X
 
Hepatocallular carcinoma X X X  X X X
 
Hemanfioaarcoraa X
 

Bile duct 
Gallbladder & common bile duct + + N  + + W +  N + + + * + +  + N +  + N +  + N + + + 
Pancreas 
Esophagus
Stomach 

Squamoua call papiUoma X X
 
Squamoua call carcinoma X
 
Adenocarcmoma. NOS X
 

Small inlaatme 
Adenocarcmoma, NOS 

Largt intaatine 

URINARY"  yViJTHM 
Kidney 
Alvaolar/bronchiolar carci, metaatatic 
Carcmoaarcoma, unc pnm or metaatatic 

Urinary bladder 

ENDOCrUNK &Y&TKM 
Pituitary
Adrenai 
Cortical adenoma X
 
Phaochromocytoma X
 

Thyroid
Follicular-ceU adenoma X 

Parathyroid •*• — — — — - f - f — -f — — — 4 . 4 . 4  . — ^ . _ - f - ^ - f  _ _ _ f 

REPRODUCTIVE j3Y£?TEM 
Mammary gland N N N N N N N N N N + N N N N N N N N N N N N N  N 
TfliUs 

Sauamoua coll carcinoma, motaatatic X 
Proatata 
Preputial/clitoral (land 
Carcinoma, NOS X X X 
Squamoua ceil carcinoma X X X X X  X X X  X X  X X 
Careuwaarcoma 

NERVOu aax ari£M 
Brain 

SPECIAL SENSE ORGANS 
Hardanan gland 
Carcuoma, NOS X X 
Ad.ooma.NOS X X  X X X 

Zjrmbal fland 
Squamwit call carcinoma 
Caranaaaitam* 

MUSCULO8UUETAL SYSTEM 
Muaela N N N N N N N N N N N N N N N N N N N N N N N N  N 

rTiniiinumrrniin X 

BODYCAVlTllEb 
MediaAinum N N N N N N N N N N N N N N N N N N N N N N N N  N 

AlvM>lar/broncbiolar caron, nMtaatauc X 

ALL OTHER SjVil'l'EMb 
Multipli organa, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 
Squamoui c«U carcinoma, mataatatic 
AlveolarAironchiolar carcin, matajitaUc X 
Hemangioaarcoma, mvtaatauc X 
Mahfnant lymphoma, NOS X  X X 
Mahg. lymphoma, undiffar typ* 
Mahg, tymphoma, hiatiocyttc typo X  X X 
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TABLE B3. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

ANIMA L 0! 0 0|  01 01 0 01 0! 0 01 0 0] 01 0 01 01 01 01 01 01 01 01 01 01 0 
NUMBER 2 2 2 2 3 3 3 3 3 3  3 3 3 3 4 4 4 4 4 4 4 4 4i 4 5 

6\ 7 g| 9| Ol 1 2| 3] 4 5| 6 1\ S\ 9 o| l| 2| 3| 4| i\ S\ 7\ 8| 9) 0 TOTAL 

WEEKSON 01 11 01 01 01 01 01 01 1! 01 01 01 1! 1 01 01 01 1 1 0 01 01 1 1 0 TISSUES 
STUDY 9 0 9 0 9 8 8 9 0 9 9 8 0 0 2 9 9 0 0 9 9 9 0 0  8 TUMORS 

9| 4| 6| 3\ 5| 8J 7l 5J 4) 5| o| l l 0| 2 4 7] 6! il 1 7 3| 7 2 2 8 

INTEGUMENTARY SYSTEM 
Skin 50* 
Squamouj cell carcinoma X 2 
Squamoui cell care, one prun/meta 1 
Sebaceous adenocarcmoraa 1 

Subcutaneoui usiue 50' 
Sarcoma. NOS 2 
Fibroiarcoma X 3 
Hemangioaarcoma 1 

RESPIRATORY SYSTEM 
Lungs and bronchi 50 
Carcinoma. NOS, metastatic I 
Squamous cell carcinoma, metaatatic X X X X X 8 
Alveolar/bronchiolar adenoma X X X X X  X 12 
Alveolar/broncbiolar carcinoma X  X X X  X X X X 14 
Rhabdomyoaarcoma, metaatatic X 1 
Carcmoaarcoma. metaatatic X 1 

Trachea 49 

HEMATOPOIETU? SYSTEM 
Bone marrow 49 

Hemangioaarcoma. metaatatic X I 
Spleen 47 

Hemangioaarcoma 1 
Hemangioaarcoma. metaitatic X 1 
Malignant lymphoma, NOS X 1 

Lymph nodee 37 
Squamoui cell carcinoma, metaatatic X 1 
Carcmoaarcoma. metaatatic X 1 

Thymul + - _ - ^ - - _ - ^ + _ _ - _ - - t  . + + _ _ + - - + - _ 19 

CIRCULATORY aYolE M 
Heart 50 
Squamoui cell carcinoma, metaatatic I 
Rnabdomyosarcoraa X 1 
Carcinosarcoma. metaatatic X 1 

uHifcli^IVIi btYsTKU 
Oral cavity N X N N N N N N N N N N N N N N N N N N N N N N  N 50« 

Squamoua cell carcinoma X 1 
Salivary gland 46 
Liver 48 

Hapatocellular adenoma X X 3 
Hepatocellular carcinoma X X a 
Hemangioaarcoma X 2 

Bile duct 48 
Gallbladder It common bile duct N + r J + + N  N + + N +  N + +  + N +  + N +  * N + + + 50* 
Pancreaa 46 
Esophagus 48 
Stomacn 39 

Squamoua cell papilloma X  X X 5 
Squamoui call carcinoma 1 
Adanocarcinoma, NOS t 

Small intaatine 34 
Adanocarcmoma, NOS X 1 

Large intaatine 48 

UttlHAJlV SYSTEM 
Kidney 49 

Alveolar/bronchtolar carcm, metaatatic X 1 
Carcinoaarcoma, unc prim or meta X 1 

Unnary bladder 41 

ENDOCRINE SYSTEM 
Pituitary 39 
Adrenal 47 

Cortical adenoma 1 
Phaocbromocytoma 1 

Thyroid 46 
Folucular-cell adenoma 1 

Parathyroid _ _ _  _ + _ - _ • » . _ - _ - _ - _ - _ + • * . _ - _  + 17 

REPRODUCTIVE SYSTEM 
Mammary gland N N N N + N N N N N N N N N N N N + N N  N + + N  N 50* 
Toatis 48 

Squamoua call carcinoma, metastatic 1 
Proatata 50 
PrepuUal/cutoralgUnd 36 

Carcinoma. NOS 3 
Squamoua call carcinoma X X  X X X X  X X X X X X X  X  X X 28 
Carcinoaarcoma 1 

NEKVOUclcWtfl'KM
 
Brain 50
 

SPECIAL SENSE OROANS 
Hardanan glmnd 49
 
Carcinoma, NOS X 3
 
Adenoma. NOS X  X X X  X X 11
 

Zymbal gland 39
 
Squamoua cell carcinoma X X X  X  X X X X X X X  X 21
 
Carcinoaarcoma X
 1 

MUSCULOSRELETALaVb'1'KM 
Muacle N N N N N N N N N N N N N N N N N N N N N N N N  N 50*
 

Hemangloaareoma 1
 

BODY CAVITIES
Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N  N SO*
 

Alveolar/bronchiolar carcm, nwtaitatic X 2
 

ALLUTHEKHVtfl'KMc! 
Multiple organs, NOS N N N N N N N N N N N N t f N N N N N N N N N N N  N 50*
 
Squamoua cell carcinoma, mataatatu X X 2
 
Alvaolar/bronchiolar carcra, mataatatic 1
 
Hemangioaarcoma. mttaatatic 1
 
Malignant lympboma, NOS X  X X  X X X X to
 
Maug tymphoma, undifbr-type 1
 
Maug. Ivmphoma. hiatuxytlc type 3
 

* Animals ucropuM. 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: VEHICLE CONTROL 

ANIMAL 01 01 01 01 01 01 01 01 01 01 01 01 0 01 0 0 0 0 01 01 01 01 01 01 0 
NUMBER 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  1 1 2 2 2 2 2 2 

l| 2| 3| 4| 5| 6| 7| g| 9| 0| l| 2\ 3 4| 5 6 7 8 9J 0| l| 2| 3\ 4\ 5 

WEEKS ON 11 11 11 11 11 11 01 11 01 01 01 01 11 11 11 11 11 11 01 01 11 11 01 11 0 
STUDY 0 0 0 0 0 0 9 0 9 3 0 5 0 0 0 0 0 0 2 3 0 0 9 0 9 

4| 4J 4| 4| 3| 3| 9| 4| 9| 0| 3| 8\ 4J 3| i| 4| 4| i) 9\ S| i| 4| o| 3\ 0 

INTHUUMENTAR Y SYSTEM 
Skin + + + + + + + + + +  + N + + + 1. + 4. + H. + + + + + 

Sebaceoua adenoma 
Subcutaneoua tiaau*
 

Fibroaarcoma X
 
Hemangioaarcoma X
 
Oatmaarcoma
 

RESPIRATORY sYbTKKf 
Lunga and bronchi
 

Alveolar/bronchiolar adenoma X X
 
Oetaoaarcoma, metaatatic
 

Trachea 

HEMATOPOIET1C SVSTEM 
Bone marrow 
Spleen 
Lymph nodee
 
Fibroaarcoma. mataatatic X
 
Hemangioaarcoma, mataatatic X®
 

Thymua 

CIRCULATORY SYSTEM 
Heart + + + + + +  * + +  + . +  + + + + +  + + +  + +  + +  * 
Salivary gland + + + + + + + + + > + + t >  + v + + + + + + +  + 
Liver
 
Hepatocallular adenoma
 
Hepatocellular carcinoma X X
 

Bile duct 
Gallbladder & common bile duct 
Pancraaa 
Eaophagua t t t + + +
Stomach t t '  l ' '  l ' t t t t t t t t  t + + t +  t t 
Squamouacell papilloma 

Small intettine -(- + -.. + + H. + + + + + + + + + + + + 
Large intaatine + 4. + + > + ^. + ^ .  _ + + +. + + + + + + > + + + + ^. 
URINARYSVSTKM 
Kidney
Urinary bladder * + + + + __ + + + + + + + + + + + + •(• + + 
ENDOCRINE SXSTGM 
Pituitary + + + + + + + + + + + + * + +  > + 4. + + + H-

Adenoma, NOS X  X X 
Adrenal 
Cortical adenoma 
Phaochromocytoma X X X X 
Pheochromocytoma, nuligmnt X 

Thyroid
PoUicular-call adenoma 

Parathyroid
Pancreatic ialeta 

Ialat-c*U adenoma 

REPRODUc'M VE sVsTEM 
MaHnn\>i*y flud 
Praputial/cutoral gland :!::t!!::tt « ::;:? :::: ::t «

+ + + + + + + + + + + + + + + + + + + + + + + +  + Utarua 
Endometrial atromal polyp 

Ovary
Granuloaa-cell tumor X 

NERVOUS SYSTEM 
Brain 

Aatrocytoma X 

SPECIAL SENSE ORGANS 
N N N N N N N N N N N N N  N + N N N N N N N N N  N 

Malignant melanoma 
Harderian gland 

Adenoma. NOS X X X
Zymbal gland _ + + + + + _ + <. +  + + + + + + * + + + + + •( .  + 

MUSCULOSKEL^TAL sYbrfcM 
Bon* N N N N N N N N N N N N N N N N N N N N N N N +  N 
Fibroaarcoma, mataatatic X 

Muacla N N N N N N N N N N N N N N N N N N N N N N N N  N 
Sarcoma. NOS X 

ALL OTHER"  SYSTEMS 
Multiple organa, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 
Sarcoma, NOS, mataatatic 
Malignant Irmpnoma, NOS X X X X X X X  X  X X 
Malig. lympboma, lymphocytic type 

+ : Tiaaua examined micnacopieally No tiaaua information aubmittad 
- : Required tiaaua not eiemined miirnacopically Tumor incidence 
N : Nacropay, no autolyaia, no micnaoopic examination Multiple occurrence of morphology 
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TABLE B4. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF FEMALE MICE: VEHICL E 
CONTROL (Continued) 

ANIMAI
NUMBER
 

WEEKSON
 
STUDY
 

INTEGUMENTARY SYSTEM
 
Skin
 

Sebaceotu adenoma
 
SubcuUneoua tiiaue
 

Fibrourcoma
 
Hemangiosarcoma

Osteourcoma 

RESPIRATORY SYSTEM
 
Lungs and bronchi
 

Alveolar/bronchiolar adenoma
 
Ostaoaarcoma, mataatatic
 

Trachea
 

HEMATOPOIETIC SYSTEM
 
Bona marrow
 
Spleen

Lymph nodei
 
Fibrosarcoma, meUitatic
 
Hemangioaarcoma, metartatic
 

Thymut
 

CIRCULATORY SYSTEM
 
Heart
 

DIGESTIVE SYSTEM 
Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder 4 common bile duct 
Pancreu 
Esophagua
Stomach 

Squamoua cell papilloma 
Small inteatine 
Large inteatine 

URINARY SYSTEM 
Kidney
Urinary bladder 

ENDOCRINE SYSTEM 
Pituitary 

Adenoma. NOS 
Adrenal 
Cortical adenoma 
Pheochromocytoma
Pheochromocytoma, malignant 

Thyroid
Follicular-cell adenoma 

Parathyroid
Pancreatic ialeta 

Islet-cell adenoma 

REPRODUCTIVE SYSTEM 
Mammary gland
Preputial/clitoral gland 
Uterua 
Endometrial stromal polyp 

Ovary
Granuloaa-cell tumor 

NERVOUS SYSTEM 
Brain 

Astrocytoma 

SPECIAL SENSE ORGANS 

Malignant melanoma
Harderian gland

Adenoma, NOS 
Zymbal gland 

MUSCULUSK£L£TAii SYSTEM 
Bone 

Fibrosarcoma, metaatatie 
Muscle 
Sarcoma, NOS 

ALL OTHER SYSTEMS 
Multiple organs, NOS 
Sarcoma, NOS, metastatic 
Malignant lymphoma, NOS 
Malig. lymphoma, lymphocytic type 

• Animals necropaied 

o or o oi or o OF opor 01 01 01 01 01 01 01 01 o 
3 3 3 3 3 3  3 * i] i] 4 4 4 4 4 4 4 5 
3| 4| 5| 6| 7| 8| 9| 0| l| 2| 3| 4| 5| 6J 7| 8| 9| 0 TOTAL 

i i i i o i 11 o IT ir o IT ini iriri r IT ori or i r  i TISSUES 
0 0 0 0 7 0 0 8 0 0 7 0 0 0 0 0 0 0 8 0 9 0 0 TUMORS 
4| 4| 4| 4) 4| 4| 4| 7| 4| 4| 3\ 4J fl| 4 *| 4\ 4\ 4\ 7| 4] 3| 4| 4 

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

N N N N N N N N N N N N N ' N N N N N N N N N N N  N 

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

•50 
1 

•50 
1 

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

X  X X 

•50 
1 

13 
2 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE
 
TWO-YEAR GAVAGE STUDY OF BENZENE: LOW DOSE
 

ANIMAL Of 0 01 01 01 0 0 0 0 0 0 01 01 01 01 01 0 0 0 0 01 01 0 01 0 
NUMBER 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2  2 

l| 2 3| 4| 5| 6 7 8 9  0 1 2| 3| 4| 5| 6\ 7 8 9 0 l| 2| 3 4| 5 

WEEKS ON 11 11 11 11 01 11 11 01 11 11 11 11 11 01 01 11 01 11 11 01 01 01 0 0 0 
STUDY 0 0 0 0 8 0 0 8 0 0 0 0 0 8 8 0 8 0 0 3 0 0 0 0  0 

4j 4| 2| l| l| 4| 4| Q| 4| 2| 4| 4] 4] g| 9| 3J 7| 4| 4J 2| l| l| 1 1 1 

IjNTEUiU MENTARY SYSTEM 
Skin 

Squamous cell papilloma X 
Subcutaneous tissue 

Fibrosarcoma 

RESPIRATORY SYSTEM 
Lungs and bronchi + + + + + + + + + + + + + + + + + + + 1. + + + + 4. 

Carcinoma, NOS, metastatic X 
Hepatocellular carcinoma, metas X 
Alveolar/bronchiolar adenoma X 
Alveolar/bronchiolar carcinoma 

Trachea + + + + + + + . + + + + + + + + + + + + + + + + + 

HEMATOPOIETK; SYSTEM 
Bone marrow 
Spleen 

Malignant lymphoma, NOS X 
Lymph nodes 
Thymua + + + + + + + +. + + + + + _ + + _ + + + + + 

CIRCULATORY SYSTEM 
Heart 

DIGESTIVE SYSTEM 
Salivary gland ^ + . + + ^ . H . + + + + + + + + + + + + + t + + + 
Liver 

Hepatoeellular adenoma X X  X X 
Hepatocellular carcinoma X X 

Bile duct 
Gallbladder & common bile duct 
Pancreas 
Esophagus  +
Stomach £ > t t t t  t + + + + t + t ' l " +  t t ^ t t  t + t 

Squamous cell papilloma X X 
Small intestine 
Large intestine + + + + + + + + + + + + + + _ + + + + + + + + + + 
URINArlV yVsViSM 
Kidney 
Urinary bladder .,. + + + + + + _  + + + + + + _ . , . _ + + + + + + .» .  + 
ENDOCRINE SYSTEM 
Pituitary 

Adenoma, NOS X  X X X 
Adrenal 

Pheochromocytoma X 
Thyroid 

Follicular-ceU adenoma 
Parathyroid _ + __ + _ + _ + _ + + ^ _  _ + _ ^ _ 
REPRODUCTIVE SYSTEM 
Mammary gland N + - t - +  N +  + N + + N N N N N - t - - l - - » - - l - N N - t - N N - t  
Carcinoma, NOS X X 

Preputial/clitoral gland + + _ _ _ . ( . . f  _ + _ . l .  _ + _ _ _  _ + + _ _ _ _ - _ 
Uterus 

Adenocarcinoma, NOS X 
Malig. lymphoma, histiocytic type 

Ovary
Luteoma X 
Granulosa-ceU tumor X 
Mixed tumor, benign 

NERVOUS SYSTEM 
Brain + + > + + + + + + + ̂  + + + + + + + + + + + + + 
SPECIAL SENSE ORGANS 
Harderian gland + + + + + + > +  . + + 4. + + + + + + + + + +. + + + + 

Adenoma, NOS X 
Zymbal gland + + + + _ _ + ^ + ^ .  + + „ + + + __ + 
ALL OTMEK Sx WCMS 
Multiple organs NOS N N N N N N N N N N N N N N N N N N N N N N N N  N 

Malignant lymphoma, NOS X X X X X X 
Malig. lymphoma, undiffer-typa X 
Malig. lymphoma, lymphocytic type 
Malig. lymphoma, histiocytic type X 
Malignant lymphoma, mixed type X 
Unduferentiated leukemia X 
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TABLE 84. INDIVIDUAL ANIMA L TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
 
(Continued) 

ANIMAL 01 01 01 01 01 0 01 0 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 
NUMBER 2 2 2 2 3 3 3  3 3 3 3 3 3 3 4 4 4 4 4 4l 4 4 4 4 5 

6| 7| g| 9| 0| 1 2| 3 4| 5\ 6\ 7| 8| 9| 0| l| 2| 3| 4| S\ 6\ 1\ 8| 9| 0 TOTAL 

WEEKS ON 01 11 01 11 01 11 11 11 11 11 11 11 01 11 01 II 11 11 01 01 01 11 11 01 1 TISSUES 
STUDY 8 0 7 0 9 0 0 0 0 0 0 0 9 0 9 0 0 0 8 9 7 0 0 9 0 TUMORS 

l| 4| Q| 4| 4| 4| 4| 4| 4J 4J 4| 4| 3| 4| 9J 4\ 4 4| 3| 7| 8| 4| 4J 4| 4 

INTEGUMENTARY SYSTEM 
Skin 4. + + + + + 4. + + + > + v + + + + + + + + + + > + •50
 
Squamous cell papilloma I
 

Subcutaneous tissue •50
 
Fibrosarcoma X X  X X 4 

RESPIRATORY SVlJ f e!M 
Lungs and bronchi 47
 
Carcinoma, NOS, metaatatic 1
 
Hepatocellular carcinoma, metas 1
 
Alveolar/bronchiolar adenoma X 2
 
Alveolar/bronchiolar carcinoma X X X 3
 

Trachea 49 

HEMATOPO1ETIC 5r tfltM 
Bone marrow ^ + + + + + + + + + + + + + H. + + + + + + + + + ^ 49 
Spleen 49 

Malignant lymphoma, NOS X 2 
Lymph nodes 43 
Thymus + + + _ + + + + -(- + - l-- + - + + + - + + -( - - t  + -4. 40 

CIRCULATORY 9Y SI tM 
Mean + + + + + + + + + + + + ̂  + + + + + + + + + + > 50 

DiGESi'IVfc SViSTeM 
Salivary gland + + + + + + + + + + + + + + + + + + +  + + + +  + 47 
Liver 49 
Hepatocellular adenoma X X  X X 8 
Hepatocellular carcinoma X X 4 

Bile duct 49 
Gallbladder & common bile duct •50 
Pancreas 46 
Esophagus 47 
Stomach 45 

Squamous cell papilloma X 3 
Small intestine 42 
Large intestine + + + + + + + + + + + > + + + H. + + + 4. + + + + + 49 

URINAltY ST51EM 
Kidney + + + + 4. + + + + + +  ^ + . + + + + + + 4. + + + + 4. 49 
Urinary bladder 45 

ENDOCRINE SY iiTEM 
Pituitary -t- + + + > • ( - • ( - - (  • + + + + + + + + + + + -H 39
 

Adenoma, NOS X 5
 
Adrenal 49
 

Pheochromocytoma 1 
Thyroid 46 

Follicular-cell adenoma X 1 
Parathyroid + +. + _ _ + _ _ + _ + -(. + _ + _- + 19 

REPRODUCTIVE aVsTEkil 
Mammary gland + + + + + + + N N  N +  + N + * + N N N  N * * * *  * •50 
Carcinoma, NOS 2 

Preputial/clitoral gland - • f - — — + + -_ > + > - 4 - - + — + — — — • » • • *  > —  •»> 21 
Uterus 49 

Adenocarcinoma, NOS 1 
Malig. lymphoma, hiatiocytic type X 1 

Ovary 49 
Lutaoma X 2 
Granulosa-cell tumor 1 
Mixed tumor, benign X 1 

NERVOUS sVaTcM 
Brain 50 

SPECIAL SENSE ORGANS 
Harderian gland 49
 

Adenoma, NOS X X  X X X 6
 
Zymbal gland + + + + + + + 4.4 . +  + _ + + _ + + + + + + 33
 

ALL OTHER SY31 EMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N  N •50 

Malignant lymphoma, NOS X X X X  X X X  X X 15 
Malig. lympooma, undiffer-typa 1 
Malig. lymphoma, lymphocytic type X X 2 
Malig. lymphoma, hiatiocytic type X 2 
Malignant lymphoma, mixed type 1 
Unduferentiated leukemia 1 

* Animals necropsied 
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TABLE B4. INDIVIDUA L ANIMA L TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE: MID DOSE 

ANIMA L	 o o oi o o o o o oror or o] o 01 01 01 01 01 01 01 01 01 01 01 o 
NUMBER	 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

l| 2| 3| 4| S| 6| T) 8| 9| 0| l| 2| 3J 4J t| 6J T| 8| 9J o| l| 2J 3| «| 5 

WEEKSON	 orol I i| oi ii IT i 
STUDY	 0| 7| 0| 0| 0 

INTEGUMENTARY SYSTEM
 
Skin + + + + + + + + + + + + + + + + +  + N + + + + + +
 

Squamous cell papilloma X 
Keratoacanthoma X 

Subcutaneous tissue •»' + +' + + + + ' f+ '  + + * + + + + + + N + + + + -» + 
Sarcoma, NOS 
Fibrosarcoma X  X X 

REoPlRATUnl SYSTEM 
Lungs and bronchi + + + + + + + + + + + +• + + + + + +• + + + • + • + + + 
Carcinoma, NOS, metaatatic X
 
Islet-cell carcinoma, metaatatic X
 
Alveolar/bronchiolar adtnorn* X X X
 
Alveolar/bronchiolar carcinoma X X X
 

Trachea	 + + + + + + + + + + • + +• + + + + + * + + + +• + + + 

HEMATOPOIETIC SYSTEM 
Bone marrow	 + + + + + + +• + + + + •*• + + + + + + + + + + + + + 
Spleen + + + + + + + + + + * + + •»••«• + + + + + + + -(• + + 

Hemangiosarcoma X 
Malignant lymphoma, NOS X
 
Malig. lymphoma, unduTer-typa
 

Lymph nodea	 + + + + + + + + + + + •*• + •»• + + - + + + + •*• + + 
Thymua 

CIRCULATORY SYifl'EM 
H«art	 + + + + + + + + + •»• + + + + + + + + + + + + + + + 

DIGESTIVE SYSTEM 
Salivary gland 
Liver • * • • * • • * • • * • • * • • * • • * • • * • + • * + • » • • * • - » • + • + + • • * • • * • • * • • * ' + •*• + •»• 

Hepatocellular adenoma X X 
Hepatocellular carcinoma X  X X X  X X 

Bile duct + + + + + + + + + + + + + + + + + + + + + •* + + + 
Gallbladder 4 common bile duct 
Pancreas • * - - f - * - -
 + - » - - t ' ' * ' 4 ' 4 ' - f - * - - ' * ' - f ' - » - - f - f - t ' ' f 4 ' - t ' ' f 4 ' '  f 
Esophagus •»- + + + - f + + + + + +  t - + '4- ' t - + + - + -t'
 + + + + 
Stomach - + • + + + + + + + + + + - + + . + • - +  + * + + •» •+ • 

Squamous cell papilloma X X 
Small intestine - + + + + + + + + 4 . - f + - + -4- + - + - + 't- + + 4- + 

Adenocarcinoma, NOS X 
Large intestine + + + + + + + + + + + + + -t- + + -t- + + + + 4 - + 4  - + 

UKINAnY SYSTEM 
Kidney + + + + -t- + + + + - f + + * + ' + ' + + + + +- + - t -4 - + +

Tubular-cell adenocarcinoma X
 

Urinary bladder - • f - f - t - + + + +  + + + + - + + ' f - + - + + - + 4- +


ENDOCRINE SYSTEM 
Pituitary - + + + + + + + + + + + + + + '4 - - + + + 4'  + + -t + 

Adenoma, NOS X X X X 
Adrenal + + + + + + + -f + + + + + + + f + + + + + + - t - - f + 

Adenoma, NOS X X 
Cortical adenoma X
 
Pheochromocytoma X
 

Thyroid + + + + + + + - + + + + -t- + + + - + + -t + + + + + 
Follicular-cell adenoma 

Parathyroid
Pancreatic islets + + +  + + + + + + + + - • ( • + • + + + + +• + + + •»••»• 
Islet-cell carcinoma X 

REPRODUCTIVE SYSTEM 
Mammary gland	 N + - f  N + + + + + +  + N +  + N + +  * N + + + + N + 
Carcinoma, NOS X  X X

Carcinoaarcoma
 

Praputial/clitoral gland — •*• — _ — 4 .4 . — + - - 4  . — + • - + — __ + + — > - 
Uterus • l--f + + -t- + + + - t - + +- + + + + + + + 4- + + 4- + + * 

Adenacareinoau. NOS X 
Ovary •l- + + - + + + + - t - + - f  + + + 4- + + + -»- + + + + + + 

Papillary cystadenoma, NOS X 
Luteoma X  X X 
Granuloaa-ceU tumor X 
Tubular adenoma X X 
Mixed tumor, benign X X X X X  X X 

NERVOUS sViffEM 
Brain	 + - f+ . + + + + 't- + + + + -f + + + + + + + - f - t ' + + + 

SPECIAL SENSE ORGANS 
Harderian gland •t' + -»- + -»- + ' t ' 4 - - f + + + + -f + - f 4 - 4 ' - f + + - t - ' t  + + 

Adenoma. NOS X X X X X 
Zymbal gland - + + - - f + -- + + + + - + + + - - + + + + + + + '4

Squamous cell carcinoma 

MUSCULOSKELETAL SYSTEM 
Bone N N N N N N N N N N N N N N N N N N N N N N N N N 
Ostaoaarcoma 

BODY CAVITIES 
Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N 
Carcinoma, NOS, metastatic 

ALL OTHER SYSTEMS 
Multiple organs, NOS N N N N N N N N N N N N N N N N N N N N N N N N N 
Adenoca, NOS unc prim/meta X 
Ostsosarcoma. metastatic 
Malignant lymphoma, NOS X X X X  X X X X X
 
Malig. lymphoma, undifler-type

Malig. lymphoma, lymphocytic type X X
 
Malig. lymphoma, hiitiocytic type
 
Leukemia, NOS
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: MID DOSE
(Continued)

ANIMAL 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0
NUMBER 2 2 2 2 3 3 3 3 3 3 3 3 3\ 3 4 4 4 4 4 4 4 4 4 4 5

6| 7| 8| 9| fl| l| 2| 3| 4| 5| 6J 1\ 81 9) fl| l| 2| 3\ 4| 5J 6| 7| 8| 9| 0 TOTAL

WEEKS ON 01 11 11 01 11 01 11 01 01 11 11 11 01 11 01 11 11 11 11 11 01 01 01 11 1 TISSUES
STUDY 8 0 0 7 0 9 0 9 8 0 0 0 9 0 6 0 0 0 0 0 9 8 6 0 0 TUMORS

5| 4| 4| 0| 4| 4| 2| 6| 0| 4| 3| 4| 3| 4| »\ 4J 4J 4| Q| l| 5| 5\ 1\ l\ 4

INTEGu MENTARY SYSTEM
Skin •50

Squamoua call papilloma 1
Keratoacanthoma 1

Subcutaneous tiaaua •50
Sarcoma,NOS X 1
Fibroaarcoma 3

RESPIRATORY SYSTEM
Lungi and bronchi 50
Carcinoma, NOS, nutaatatic X 2
Islet-cell carcinoma, mataitatic 1
Alveolar/bronchiolar adanoma X X 5
Alveolar/bronchiolar carcinoma X X X 6

Trachaa 50

HGMATOPOIGT1C IwsrEM
Bona marrow 50
Splaan 50

Hemangioaarcoma 1
Malignant lymphoma, NOS 1
Malig. lymphoma, undiffer-type X 1

Lymph nodaa 39
Tnyraua 34

CIRCULATORS ^YciiEM
Heart 50

Salivary gland 49
Livar 50

HepatocoUular adanoma X  X X 5
Hepatoeallular carcinoma X X a

Bile duct 50
Gallbladdar &common bile duct •50
Pancraaa 48
Eaophagua 48
Stomach 45

Squamoua call papilloma X X  X X 6
Small intaatina 44

Adanocarcinoma, NOS 1
Large intaatina 50

URINARY UYsTEM
Kidney 50
Tubular-cell adanocarcinoma 1

Urinary bladdar 45

ENDOCRINE SYSTEM
Pituitary 45

Adenoma, NOS X X 6
Adrenal 50

Adenoma, NOS X 3
Cortical adenoma 1
Phaocnromocytoma 1

Thyroid 48
Follicular-calladanoma X 1

Parathyroid 17
Pancreatic ialata 48

Ulet-ceu carcinoma 1

rlEpRUbuCTiVE HY^TiiM
Mammary gland •50
Carcinoma, NOS X X 5
Carcinoaarcoma X 1

Preputial/clitoral gland 15
Utarua 50

Adenocarcinoma, NOS 1
Ovary 4»

Papillary cyttadanoma,NOS X 2
Lutooma 3
Granuloat-call tumor X X X X X 6
Tubular adenoma X 3
Mixed tumor, benign X X  X X X 12

NERVOUS SYSTEM
Brain 50

SPECIAL SENSE ORGANS
Hardarian gland SO

Adenoma, NOS X X X X X 10
Zymbal gland 37

Squamoua call carcinoma X 1

MUSCULOSKCLl'l'ALiiVSTEU
Bone N N N N N N N N N N N N N N N N N N N N N N N N N •50

Oataoaareoma X 1

rJOi)Y CAVIYHES
Mediastinum N N N N N N N N N N N N N N N N N N N N N N N N N •50
Carcinoma, NOS, metaatatic X 1

AILOTHErl SYSTEMS
Multiple organ*, NOS N N N N N N N N N N N N N N N N N N N N N N N N N •50

Adenoca, NOS unc prim/mata 1
Oataoaarcoma, metaatatic X 1
Malignant lymphoma, NOS X X X X X X X 16
Malig. lymphoma, undiffer-type X 1
Malig. lymphoma, lymphocyuc type 2
Malif. lymphoma, hiatiocytic type X X
Uukemia,NOS X X 2

• Animate nacropaiad
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 

TWO-YEAR GAVAGE STUDY OF BENZENE: HIGH DOSE 


Subcutrneow U ~ u e  
Fibrosarcoma 
Hamanpoma 

Lune and bronchi 
Carcinoma, NOS, meultatlc 
Carcinoma, NOS.une pnm or m e w  
Squamowcell carcinoma, m e w u c  
Hepatocellular carcinoma. m e w u e  
Alveoluhonchiolu adenoma 
Alveolarhronchiolar carcinoma 
Granuloual l  carcinoma. metastatic 
Caremourcoma. m e w u e  

Trachea 

Bone murow
S Inn 


&alignantlymphoma, mixed type 

%%Ode' 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Bile duct 
Gallbladder & common bile duct 
Pancreu 

%.lY 
Squunowcell papilloma 

Smdl mteiune 
Large inteatme 

Kidney

U M ~ T  bladder 

Rtutuy
Adenoma, NOS 

Adrrnal 
C o r ~ u ladsnonu 
Pheochromocytoma

Thyroid
Follicu*rclll adenoma 

Puatbymid 

Mammary gland
Carcinoma, NOS 
S q u m o ucell carcinoma 
Carcinosarcoma 

Repuudcktoral gland 
U b n U
Adenoeucuroma, NOS 
hiomyonu
Endometrul atromalwlm. _.

Ovary
PapiIIaq cyatadmnonu, NOS 
Lutaoma 
Granuloual l  tumor
GranUosaaU CUCIDOM
Tub& a b n o m  
Mixed tumor. benign 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ~ ~ ~ i j 

0 0 0 0 0 0 0 0 0 1 t 1 1 t 1 1 1 1 1 2 2 2 2 2 2  

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


1 0 0 1  t o l o o o o o l o t o o o o o o  0 1 1 1  
o ~ 7 o o ~ o 4 ~ ~ ~ ~ o i o a ~ ~ ~ ~ ~ 
4 1 2 3 4 8 4 8 3 0 4 3 4 6 4 3 4 4 7 7 4 9 4 4 4  


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


X 


+ + + + + + + + + + + + + + + + + + + + + + + + 4 

X X 


X 

X X 


X 


X 

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

~~ 

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


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


. . . . . . . . . . . . . . . . . . . . . . . . . 
+ + + + + - + + + + - - + + + - + + - + + + - + 

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


~~ ~~ ~ ~~ ~~ 

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

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


+ + N N + N + + + + + + + + + + N + N N + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


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


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


+ + - + + - + + + - - - + + + + + + + - + + + - +  
x x 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 


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

Y 

+ N N . N + + + N + + + + + + + N + N + + N + + + +  
X x x x X 


X X 

X X 


+ - - - + - + - - - - - + - - - - - - - - - - - 
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


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


X x x  

X


X X X x x  


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


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

X X X 


X X x x 
+ + - + + + + - - - + - - + + - - - - + - + + + +  
X 


X 


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

X


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

X


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


N N N N N N N N N N N N N N N N N N N N N N N N N  
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TABLE 84. INDIVIDUAL ANIMAL TUMOR PATHOLOGY O F  FEMALE MICE: HIGH DOSE 

WEEKSON
STUDY 


Subcutanrow tmua 
Fibrourcoma
Hemansoma 

Bone murow 
S Ieen 
&alignant lymphoma. mid 

%:kdee 

Salivary gland
Liver 

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct 
Gallbladder EL common bile duct 
Panereu 

k%Y 
Sqrumowcell papilloma

Small intestine 
Large int.Nne 

Kidney
Urinary bladder 

Pituitary
Adenoma. NOS 

Adrenal 
Cortical adsnoma 
Ph.ochromocy(onu

Thyroid
Follicular.ceU adenoma 

Parathyroid 

Mammary gland
Carcinoma. NOS 
Squmow cell carcinoma 
Caremourcoma 

PnputiaUclitoral gland
U U U  

Adenoarcinorrm. NOS 

Leiomyoma

Endometridstromalpolyp

?:L
q*d.aomr. NOS 

Lutboma 

Cr.nulou.cell tumor 
Grululou-cell cuculoma
Tubular adewnu
Mixed tumor. benign 

Brain 

Harderian gland
Cucinoma. NOS 
Adenoma. NOS 

Zymbal gland
squ,mu#cell cucinoma 

C.maourooIM 


BODYCAWTIES 
Pleun
Carcinoma. NOS. rnetuut ic  

MOdiUtinum 
Alveolar/bronchiolarca,meUNLic

Peritoneum 
Henungiouxoma 

Multiple orpna, NOS
Carcinoma NOS metastatic 
~q-ow fe l l cs' u~lcprim/meta
Malignant lympb'onu NOS 
Malig. lymphoma. u h e r . t J p .
Malig. lymphonu. IymphocytlcW
MaUg lym homa, hhocytieW 
buk;mia.!40S 

(Continued) 

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

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

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

X 

X x x x x x 
x x x  

X 

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


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

+ + + + + + - + + + + + + + + + + + + + + + + + e 


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

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

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

X X X n 
X X . . . . . . . . . . . . . . . . . . . . . . . . .  


+ + + + + + + N N + + + N + + + + N + + + + + N >  

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

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

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


. . . . . . . . . . . . . . . . . . . . . . . . . 
+ + + + + + + - + + - + + - + + + - + + + + + - 

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


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


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

+ + + + + N + N + + N + + + + + N N + N N + N N h  

X x x 

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


X 

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

X

X X 
X x x  X 

X x x 
X X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  
XX 

x xx x+ + + + + - - + - + + + - + + + - + + + + - - + -+ + + + + - - + - + + + - + + + - + + + + - - + 
XX XX 

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


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


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

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  
x 
X X 

X x x X X 

X x X 

X 

-

POTAL 

'ISSUES 

'UMORS 

-
*50 

I 
1-

50 

3 

I 
I 
2 
9 
6 
1 
1 

-50 

50 
49 

I 
45 


-32 

-49 

47 

50 

4 

4 


50 

*SO 

43 

49 

43 

5 


41 


-49 

50 
40
-
35 


4 

49 

1 
I 

47 

1 


-24 

'50 

8 

2 

4 

9 


50 

1 

1 

I 

49 
1 
2 
7 
1 
3 

-7 

49-
48 


4 

6 


31 

3 
1-

*M)
1 


'50 

I 

*SO 

1
-

'W 
1 
2 


13 

1 

4 

1 

2
-

Animab nocroplid 
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APPENDIX C 


SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 


LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES 


OF BENZENE 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE 

CONTROL 
 HIGH 
DOSE 


50 
50 
50 


(50) 


(46) 
2 (4%) 

(50) 

(50) 


(50) 


(50)

1 (2%) 
1 (2%) 

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

1 (2%) 

2 (4%) 
(50)


1 (2%) 

2 (4%) 
3 (6%) 

LOW 

DOSE 


50 
50 
50 

(50)

1 (2%) 

(46) 

(49) 
1 (2%) 

(49) 

(49) 

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

1 (2%) 

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

(49) 

MID 
DOSE 


50 

50 

50 


(50) 


(47) 

(49) 

(49) 

(49) 

(49)
2 (4%) 
2 (4%)
2 (4%) 

1 (2%) 
2 (4%) 

1 (2%) 

(49) 

2 (4%) 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 
*SKIN 


FIBROSIS, FOCAL 

FIBROSIS, DIFFUSE 

HYPERPLASIA, NOS 

HYPERPLASIA, FOCAL 

HYPERPLASIA, BASAL CELL 

HYPERKERATOSIS 

ACANTHOSIS 

PARAKERATOSIS 


*SUBCUT TISSUE 
EPIDERMAL INCLUSION CYST 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 

RESPIRATORY SYSTEM 
*NASAL TURBINATE 

INFLAMMATION, SUPPURATIVE 
#PERITRACHEAL TISSUE 


INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, ACUTE DIFFUSE 

NECROSIS, FOCAL 


#LUNGBRONCHUS 

INFLAMMATION, ACUTE FOCAL 


#BRONCHIAL MUCOSA 

HYPERPLASIA, FOCAL 


#BR0 NC HUS/M USC ULARIS 

HYPERPLASIA, FOCAL 


#LUNG 
ASPIRATION, FOREIGN BODY 
CONGESTION, ACUTE 
INFLAMMATION, INTERSTITIAL 
INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 
PNEUMONIA INTERSTITIAL CHRONIC 
INFLAMMATION GRANULOMATOUS FOCAL 
FOREIGN MATERIAL, NOS 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, ALVEOLAR EPITHELIUM 

#LUNG/ALVEOLI 

CONGESTION, NOS 

EDEMA, NOS 

HEMORRHAGE 

FOREIGN MATERIAL, NOS 


HEMATOPOIETIC SYSTEM 
#BONE MARROW 


HYPOPLASIA, NOS 

ATROPHY, DIFFUSE 


(VEH) 

50 
50 
50 

(50) 


1 (2%) 

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

(50) 

1 (2%) 

(50) 


(49) 

1 (2%) 
1 (2%)

(50) 


(50) 

1 (2%)

(50)

1 (2%) 

(50) 


1 (2%) 

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

1 (2%) 
(50) 


1 (2%) 

1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE RATS I N  THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

HEMATOPOIETIC SYSTEM 
#BONE MARROW (Continued) (50)

MYELOFIBROSIS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, GRANULOCYTIC 
HYPERPLASIA, RETICULUM CELL 1 (2%) 
HYPOPLASIA, HEMATOPOIETIC 

ATROPHY, FOCAL 
#MARROW ERYTHROCYTES (50) 

#SPLEEN (49) 

#SPLENIC FOLLICLES (49) 

#SPLENIC RED PULP (49) 

HYPERPLASIA, LYMPHOID 1 (2%) 

LYMPHOID DEPLETION 

CONGESTION, NOS 
CONGESTION, ACUTE 
FIBROSIS, MULTIFOCAL 1 (2%)
PIGMENTATION, NOS 
HEMATOPOIESIS 

INFLAMMATION ACTIVE CHRONIC 

CYST, NOS 4 (10%) 
MULTIPLE CYSTS 
CONGESTION, NOS 
INFLAMMATION ACTIVE CHRONIC 
INFLAMMATION, CHRONIC FOCAL 1 (2%) 
INFLAMMATION GRANULOMATOUS FOCAL 
HISTIOCYTOSIS 6 (14%)
PLASMACYTOSIS 
HYPERPLASIA, LYMPHOID 1 (2%) 

PLASMACYTOSIS 

INFLAMMATION GRANULOMATOUS FOCAL 
PLASMACYTOSIS 1 (2%) 
HYPERPLASIA, LYMPHOID 1 (2%) 

#LYMPH NODE (42) 

#MANDIBULAR L. NODE (42) 

#THORACIC LYMPH NODE (42) 

#MESENTERIC L. NODE (42) 

#RENAL LYMPH NODE (42) 

#BRACHIAL LYMPH NODE (42) 

#INGUINAL LYMPH NODE (42) 

#THYMIC LYMPH NODE (42) 

INFLAMMATION, CHRONIC FOCAL 

HISTIOCYTOSIS 

INFLAMMATION, CHRONIC FOCAL 1 (2%) 

INFLAMMATION GRANULOMATOUS FOCAL 1 (2%)
ANGIECTASIS 
HISTIOCYTOSIS 

HEMATOPOIESIS 

HEMATOPOIESIS 

HEMATOPOIESIS 

HEMATOPOIESIS 

HEMATOPOIESIS 

#LIVER (50) 

#PORTAL TRACT (50) 

#ADRENAL CORTEX (50) 

#ZONA FASCICULATA (50) 

#ZONA RETICULARIS (50) 

(48) 

1 (2%)
4 (8%) 

(48) 

(48) 

(48) 

(48)
19 (40%) 

2 (4%)
4 (8%) 

1 (3%) 

1 (3%) 

1 (3%) 

14 (38%) 

1 (3%) 

(37) 

(37) 

(37) 

(37) 

(37) 

(37) 

(37) 

(37) 

1 (3%) 
1 (3%) 

1 (2%) 

1 (2%) 

2 (4%) 

(48) 

(48) 

(49) 

(49) 

(49) 

(47) 

1 (2%)
1 (2%) 

(47) 

(47) 

(47) 

(47) 
8 (17%) 

2 (4%) 
1 (2%) 

4 (9%) 
6 (13%)

(34) 

(34) 

1 (3%) 

10 (29%) 
8 (24%) 

(34) 

(34) 

(48)
1 (2%) 

6 (13%) 

1 (2%) 

1 (2%)
(48) 

(47) 

(47) 

(47)
23 (49%) 

1 (2%)
6 (13%)

(37) 

(37) 

1 (3%)
7 (19%) 
1 (3%) 

(37) 

(37)
1 (3%) 

(37) 

(37) 

(37) 

(37) 

1 (3%) 

1 (3%) 

(49) 

(49) 

(49) 

(49) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

5 (10%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

HEMATOPOIETIC SYSTEM (Continued) 

EMBRYONAL DUCT CYST 
CONGESTION, NOS 
HEMORRHAGE 
LYMPHOID DEPLETION 

LYMPHOID DEPLETION 

HYPERPLASIA, EPITHELIAL 
METAPLASIA, SQUAMOUS 

#THYMUS 

#THYMIC CORTEX 

#THYMIC MEDULLA 

(44) 

(44) 

(44) 

(42) 

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

1 (2%) 

1 (2%) 
1 (2%) 

(42) 

(42) 

(41) 
2 (5%) 

6 (15%) 

2 (5%)
(41) 

(41) 

(34) 
2 (6%) 

8 (24%) 

2 (6%)
(34) 

(34) 

CIRCULATORY SYSTEM 
#MANDIBULAR L. NODE 

LYMPHANGIECTASIS 
EMBOLUS, SEPTIC 

MINERALIZATION 
INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, CHRONIC FOCAL 
DEGENERATION, NOS 

*CONJUNCTIVAL ARTERY 
THROMBUS, CANALIZED 

*HEPATIC VEIN 
THROMBOSIS, NOS 

*CENTRAL VEINSLIVER 
THROMBUS, ORGANIZED 

#LIVER 
THROMBOSIS, NOS 

#LIVER/CENTRILOBULAR
THROMBOSIS, NOS 

#HEPATIC SINUSOID 
CONGESTION, PASSIVE 

#MYOCARDIUM 

(42)
1 (2%) 

(50) 

1 (2%)
40 (80%) 

1 (2%)
(50) 

(50) 

(37) 

(49) 
1 (2%) 

43 (88%) 
(50) 

(50) 

(50) 

(48) 

(48) 

(48) 

1 (2%) 

2 (4%) 

(34) 

(49) 
1 (2%) 

(49) 

(49) 
1 (2%) 

1 (2%) 

(37) 
1 (3%) 
1 (3%)

(50) 

1 (2%) 

34 (68%) 
(50) 

(50) 

(49) 

(49) 
1 (2%) 

DIGESTIVE SYSTEM 
*PALATE 

HYPERKERATOSIS 
ACANTHOSIS 

*BUCCAL MUCOSA 
HYPERPLASIA, FOCAL 

*LIP 
INFLAMMATION, ACUTE FOCAL 

*TONGUE 
ABSCESS. CHRONIC 

#SALIVARY GLAND 
INFLAMMATION. ACUTE FOCAL 
INFLAMMATIONACTIVE CHRONIC 
FIBROSIS, MULTIFOCAL 
BASOPHILIC CYTO CHANGE 
ATROPHY, FOCAL 
ATROPHY, DIFFUSE 
METAPLASIA, SQUAMOUS 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 
DEGENERATION, CYSTIC 

#LIVER 

INFLAMMATION, ACUTEKHRONIC 

NECROSIS, FOCAL 

(50) 

(49) 

1 (2%) 

1 (2%) 

7 (14%) 

(50) 

1 (2%) 

1 (2%) 

(50) 
2 (4%) 
2 (4%)

(50) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%)
(48) 

8 (17%) 
I (2%) 

(50) 

1 (2%) 
(50) 

1 (2%) 

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

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

(50) 

(50) 

(50) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

2 (4%)
(49) 

1 (2%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

DIGESTIVE SYSTEM 
#LIVER (Continued) 

CYTOPLASMIC VACUOLIZATION 
BASOPHILIC CYTO CHANGE 
CLEAR-CELL CHANGE 
ANGIECTASIS 

#LIVER/CENTRILOBULAR 
NECROSIS, FOCAL 

(50) 

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

1 (2%) 
(50)  

(48) 
1 (2%) 
6 (13%) 
6 (13%) 

(48) 

(49) 

1 (2%) 
11 (22%) 

(49) 
1 (2%) 

(49) 

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

1 (2%) 
(49) 

#LIVER/PERIPORTAL
CYTOPLASMIC VACUOLIZATION 

#LIVER/HEPATOCYTES 
DEGENERATION, CYSTIC 
NECROSIS, FOCAL 
NECROSIS, CENTRAL 
CYTOPLASMIC VACUOLIZATION 

HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

INFLAMMATION ACTIVE CHRONIC 

#BILE DUCT 

#PANCREAS 

#PANCREATIC ACINUS 
CELL-SIZE, ALTERATION 

(50) 

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

6 (12%) 

1 (2%) 
38 (76%) 

1 (2%) 

(50) 

(49) 

(49) 

(48) 

(48) 
4 (8%) 

6 (13%) 
(48) 

40 (83%) 
(44) 

(44) 
1 (2%) 

(49) 

(49) 
2 (4%) 
2 (4%) 

6 (12%) 
(49) 

45 (92%) 
(47) 

(47) 

1 (2%) 

1 (2%) 
1 (2%) 
1 (2%) 
8 (16%) 

1 (2%) 
38 (78%) 

(49) 

(49) 

(49) 

(49) 

(49) 

ATROPHY, FOCAL 
ATROPHY, DIFFUSE 

13 (27%) 11 (25%) 8 (17%) 7 (14%) 
1 (2%) 

HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ESOPHAGUWUSCULARIS 
DEGENERATION. NOS 

#PERIESOPHAGEAL TISSUE 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE FIBRINOUS 
INFLAMMATION, ACUTE/CHRONIC 

#GASTRIC MUCOSA 
MINERALIZATION 

3 (6%) 

(49) 

(49) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(48) 

2 (5%) 
1 (2%) 

(49) 

(49) 

1 (2%) 

1 (2%)
(44) 

2 (4%) 
(48) 

(48) 

2 (4%) 

(48) 

(49) 

(49) 

(47) 

ULCER, ACUTE 1 (2%) 
#GASTRIC SUBMUCOSA 

EDEMA, NOS 
#CARDIAC STOMACH 

ULCER, NOS 
ULCER, FOCAL 
ULCER, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION ACTIVE CHRONIC 
ULCER, CHRONIC 
EROSION 
HYPERKERATOSIS 
ACANTHOSIS 

#GASTRIC FUNDUS 
ULCER, FOCAL 
ULCER, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE NECROTIZING 
NECROSIS, FOCAL 

#JEJUNAL SUBMUCOSA 
INFLAMMATION, CHRONIC FOCAL 

#COLON 
PARASITISM 

(48) 

(48) 
1 (2%) 

1 (2%) 

2 (4%) 
2 (4%) 

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

9 (19%) 

(48) 

(44) 

(47) 
1 (2%) 

(44) 

(44) 

1 (2%) 
1 (2%) 

1 (2%) 

4 (9%) 
4 (9%) 

(44) 

10 (23%) 
(42) 

(42) 
1 (2%) 

(48) 

(48) 
1 (2%) 

3 (6%) 
3 (6%) 

(48) 

2 (4%) 

1 (2%) 
12 (25%) 

(45) 

(46) 
3 (7%) 

(47) 

(47) 

2 (4%) 

1 (2%) 
1 (2%) 
1 (2%) 
9 (19%) 

10 (21%) 
(47) 

1 (2%) 

5 (11%) 

1 (2%) 

1 (2%) 

(44) 

(46) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

~ ~~ 

URINARY SYSTEM 
#KIDNEY 

INFLAMMATION, ACUTEKHRONIC 
NEPHROPATHY 
NEPHROSIS, NOS 

#KIDNEY/CORTEX 

MULTIPLE CYSTS 

NEPHROPATHY 

METAMORPHOSIS FATTY 


#KIDNEYRUBULE 

BACTERIAL SEPTICEMIA 

PIGMENTATION, NOS 


#RENAL TUBULAR BASEMENT MEM 
MINERALIZATION 

#PAPILLARY DUCTBELL1 
MINERALIZATION 

# KIDNEYPELVIS 
HYPERPLASIA, EPITHELIAL 

#URINARY BLADDER 
INFLAMMATION, ACUTE FOCAL 

#U. BLADDEWSUBMUCOSA 
HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 

ENDOCRINE SYSTEM 
#PITUITARY 

EMBRYONAL DUCT CYST 
HYPERPLASIA, FOCAL 

#ANTERIOR PITUITARY 
EMBRYONAL DUCT CYST 
CYST, NOS 
MULTIPLE CYSTS 
CONGESTION, NOS 
HEMORRHAGIC CYST 
CYTOPLASMIC CHANGE, NOS 
FOCAL CELLULAR CHANGE 

#PITUITARY CELL 
CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 
HYPERPLASIA, NOS 
HYPERPLASIA. FOCAL 
HYPERPLASIA, DIFFUSE 

#ADRENAL CORTEX 
HEMORRHAGIC CYST 
METAMORPHOSIS FATTY 
CYTOPLASMIC VACUOLIZATION 
HYPERPLASIA, FOCAL 

#ZONA FASCICULATA 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 
CLEAR-CELL CHANGE 
HYPERPLASIA, FOCAL 

#ADRENAL MEDULLA 
FIBROSIS, MULTIFOCAL 
HYPERPLASIA. FOCAL 

CONTROL 
(VEH) 

(47)
1 (2%) 

(47) 

(47) 

3 (6%) 

(50) 

(50)
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

2 (4%) 

LOW 

DOSE 


(48) 

43 (90%) 

(48) 

1 (2%) 
1 (2%) 

(48) 

(48) 
1 (2%)

(48) 


(48) 
1 (2%) 

(43) 

(43) 

1 (2%) 

(45 1 
1 (2%) 
1 (2%) 

(45) 
4 (9%) 

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

(45) 
1 (2%) 
1 (2%) 

5 (11%) 
1 (2%) 

(49) 
1 (2%) 

2 (4%) 
2 (4%) 

(49) 

1 (2%) 
7 (14%) 

13 (27%) 
(49) 

7 (14%) 

MID 

DOSE 


(46) 

1 (2%) 
(46) 

(46) 

8 (17%) 

(48) 

1 (2%) 
(48) 

8 (17%) 

(48) 
1 (2%) 

HIGH 

DOSE 


(48) 

1 (2%) 
(48) 

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

1 (2%) 
(48) 

1 (2%)
3 (6%) 

(49) 

2 (4%) 
2 (4%) 

(49)
2 (4%) 

3 (6%) 
1 (2%) 

2 (4%) 
(49) 

1 (2%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

~~ ~ ~~~ ~~~ 

ENDOCRINE SYSTEM (Continued) 
#THYROID 

EMBRYONAL DUCT CYST 
FOLLICULAR CYST, NOS 
HYPERPLASIA, CYSTIC 

(49) 

3 (6%) 

(47) 

5 (11%) 

(46)
1 (2%) 

HYPERPLASIA, C-CELL 
HYPERPLASIA, FOLLICULAR-CELL 

#THYROID CAPSULE 
INFLAMMATION, ACUTE FOCAL 

#THYROID FOLLICLE 
DILATATION, NOS 
HYPERPLASIA, CYSTIC 

DILATATION, NOS 
HYPERPLASIA, NOS 

#PARATHYROID 

7 (14%) 

(49) 

(49) 
1 (2%) 

(33) 

12 (26%) 
1 (2%) 

(47) 

(47) 

2 (4%)
(38) 

1 (3%) 

7 (15%) 
1 (2%) 

1 (2%)
(46) 

(46) 

(37)
1 (3%) 

HYPERPLASIA, FOCAL 
#PANCREATIC ISLETS 

HYPERPLASIA, FOCAL 
(49) (44) 

2 (5%) 
(47) 

3 (6%) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

DILATATION/DUCTS 
GALACTOCELE 
MULTIPLE CYSTS 
HEMORRHAGIC CYST 
HYPERPLASIA, CYSTIC 
HYPERPLASIA, ADENOMATOUS 

*MAMMARY ACINUS 
DILATATION, NOS 
MULTIPLE CYSTS 
HEMORRHAGIC CYST 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 

INFLAMMATION ACTIVE CHRONIC 

CYST, NOS 
INFLAMMATION. CHRONIC 

*PREPUCE 

*PREPUTIAL GLAND 

INFLAMMATION,CHRONIC FOCAL 
#PROSTATE 

HEMORRHAGE 
INFLAMMATION ACTIVE CHRONIC 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, FOCAL 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 

EDEMA, INTERSTITIAL 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION ACTIVE CHRONIC 
DEGENERATION, NOS 
HYPOSPERMATOGENESIS 
HYPERPLASIA, INTERSTITIAL CELL 

*SEMINAL VESICLE 

#TESTIS 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 
8 (16%) 

1 (2%) 
(50) 

(50) 

1 (2%) 
(47) 

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

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

(50)
1 (2%) 

1 (2%) 

5 (10%) 

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

1 (2%) 

(50) 

1 (2%) 
8 (16%) 

(50) 

(50) 
1 (2%) 

1 (2%) 
(46) 

2 (4%) 

(50) 

(48) 

1 (2%) 

1 (2%) 

4 (8%) 

(50) 

(50) 
2 (4%) 

7 (14%) 
(50) 

(50) 

1 (2%) 

(47) 
1 (2%) 

2 (4%) 

1 (2%) 
(50) 

1 (2%) 
(50) 

11 (22%) 

(50) 

1 (2%) 

2 (4%) 

1 (2%) 
(50) 

1 (2%) 
10 (20%) 

(50) 

(50) 

(48) 

1 (2%) 

(50) 

1 (2%) 
1 (2%) 

(48) 

1 (2%) 

1 (2%) 
19 (40%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

REPRODUCTIVE SYSTEM (Continued)
#TESTISTUBULE 

DEGENERATION, NOS 
ATROPHY, FOCAL 
ASPERMATOGENESIS 

HEMORRHAGE 

INFLAMMATION, ACUTE FOCAL 

#TESTISIINTERSTITIAL 

*EPIDIDYMIS 

(50) 
28 (56%) 

1 (2%)
(50) 

(50) 

(48) 
29 (60%) 

(48) 

(50) 

(50) 
25 (50%) 

1 (2%) 

(50) 

(50) 

(48) 
18 (38%) 

1 (2%) 

1 (2%) 

(48) 

(50) 

NERVOUS SYSTEM 
#BRAIN/MENINGES 

#CEREBRUM 
INFLAMMATION, ACUTE FOCAL 

HYDROCEPHALUS, NOS 
ATROPHY, PRESSURE 

HEMORRHAGE 

ATROPHY, PRESSURE 

ATROPHY, PRESSURE 

HEMORRHAGE 

#BRAIN 

#BRAIN/THALAMUS 

#HYPOTHALAMUS 

#CEREBELLUM 

(49) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 

(50) ' 

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

(50) 

(50) 

(50) 

(50) 

(48) 

(48) 

1 (2%) 

1 (2%) 

1 (2%) 

(48) 

(48) 

(48) 

(48) 

(48) 

(48) 
2 (4%) 

1 (2%)
(48) 

(48) 

(48) 

(48) 

SPECIAL SENSE ORGANS 
*EYE 

SYNECHIA, ANTERIOR 
NECROSIS, DIFFUSE 

*EYE POSTERIOR CHAMBER 

*E YEKORNEA 
HEMORRHAGE 

ULCER, FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE SUPPURATIVE 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 

DEGENERATION, NOS 

INFLAMMATION, SUPPURATIVE 
CATARACT 

INFLAMMATION, NOS 
INFLAMMATION, CHRONIC 
ATROPHY, NOS 
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 

*EYE/RETINA 

*EYE/CRYSTALLINE LENS 

#HARDERIAN GLAND 

#ZYMBAL GLAND 
DILATATIONDUCTS 
CYSTIC DUCTS 
INFLAMMATION, SUPPURATIVE 
HYPERPLASIA, NOS 
HYPERPLASIA, EPITHELIAL 
METAPLASIA, SQUAMOUS 

(50) 

(50) 

(50) 
1 (2%) 

1 (2%) 

5 (10%) 

4 (8%) 

9 (18%) 

(50) 

(50) 

(49) 

(32) 
8 (25%) 
1 (3%) 
1 (3%) 

1 (3%) 

(50) 

(50) 

(50) 
1 (2%) 

7 (14%) 

6 (12%) 

1 (2%)
8 (16%) 
3 (6%)
4 (8%) 

(50) 

(50) 

(49) 

(46) 
35 (76%) 

7 (15%) 
1 (2%)
6 (13%) 

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

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(49) 

(42) 
20 (48%) 
6 (14%) 

1 (2%)
1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

5 (10%) 

5 (10%) 

1 (2%) 

2 (4%) 
1 (2%) 

(50) 

(50) 

(50) 

(42) 
28 (67%) 

3 (7%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW 
(VEH) DOSE 

~~~ ~ 

MUSCULOSKELETAL SYSTEM 
*FEMUR 

OSTEOSCLEROSIS 
(50) (50) 

5 (10%) 

BODY CAVITIES 
*MEDIASTINUM 

HEMORRHAGE 
(50) 

INFLAMMATION, SUPPURATIVE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 

1 (2%) 

INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, GRANULOMATOUS 

BACTERIAL SEPTICEMIA 
FOCAL 2 (4%) 

NECROSIS, FOCAL 

INFLAMMATION, CHRONIC FOCAL 
*PARIETAL PERITONEUM (50) 

HYPERPLASIA, FOCAL 
*PLEURA (50) 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTElCHRONIC 
INFLAMMATION GRANULOMATOUS 

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

FOCAL 
*MESENTERY 

INFLAMMATION, GRANULOMATOUS 

1 (2%) 
(50) 

INFLAMMATION, GRANULOMATOUS 
FOCAL 6 (12%) 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (50) (50) 

CONGESTION, NOS 
BACTERIAL SEPTICEMIA 
HYPERPLASIA, FOCAL 

ADIPOSE TISSUE 

1 (2%) 
1 (2%) 

2 (4%) 

HEMORRHAGE 
INFLAMMATION GRANULOMATOUS FOCAL 2 
NECROSIS, FOCAL 1 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

* NUMBER OF ANIMALS NECROPSIED 
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 

MID 

DOSE 


(50) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

( 50) 
1 (2%) 

(50) 

1 (2%) 

5 (10%) 

(50) 


HIGH 

DOSE 


(50) 

(50) 

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

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

1 (2%) 

1 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 
*SKIN 


INFLAMMATION, SUPPURATIVE 

ULCER, CHRONIC 

HYPERPLASIA, NOS 

HYPERPLASIA, FOCAL 

HYPERKERATOSIS 

ACANTHOSIS 

METAPLASIA, NOS 


*SUBCUT TISSUE 
INFLAMMATION, ACUTE/CHRONIC 
EOSINOPHILIC INFILTRATE 
INFLAMMATION, GRANULOMATOUS 

RESPIRATORY SYSTEM 
#TRACHEAL MUCOSA 

LACERATED WOUND 
#PERITRACHEAL TISSUE 

INFLAMMATION, GRANULOMATOUS 
FOCAL 

#LUNG 
ASPIRATION, FOREIGN BODY 
CONGESTION, NOS 
CONGESTION, ACUTE 
EDEMA, NOS 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION ACTIVE CHRONIC 
INFLAMMATION, ACUTE/CHRONIC 
PNEUMONIA INTERSTITIAL CHRONIC 
INFLAMMATION, GRANULOMATOUS 

FOCAL 
PERIVASCULAR CUFFING 
BACTERIAL SEPTICEMIA 
FOREIGN MATERIAL, NOS 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, ALVEOLAR EPITHELIUM 

#LUNG/ALVEOLI 

HEMORRHAGE 

HISTIOCYTOSIS 


HEMATOPOIETIC SYSTEM 
#BONE MARROW 


METAMORPHOSIS FATTY 

MYELOFIBROSIS 

HYPERPLASIA, GRANULOCYTIC 

HYPERPLASIA. RETICULUM CELL 

HYPOPLASIA, HEMATOPOIETIC 

APLASIA, HEMATOPOIETIC 


#SPLEEN 

FIBROSIS, FOCAL 

LYMPHOID DEPLETION 


#SPLENIC FOLLICLES 

LYMPHOID DEPLETION 


CONTROL 
(VEH) 

50 

50 

50 


(50) 


(50) 


(50) 

1 (2%)

(50) 


1 (2%) 
(50) 


1 (2%) 

1 (2%) 

3 (6%) 
1 (2%) 

2 (4%) 
2 (4%)

(50) 


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

(50) 


(50) 


LOW 
DOSE 


50 

50 

50 

(50) 


2 (4%) 

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

(50) 

(48) 

(48) 

(50)

2 (4%) 

1 (2%) 

3 (6%) 

2 (4%)
3 (6%) 

1 (2%) 

1 (2%) 

2 (4%) 
(50) 


(50) 


2 (4%) 
1 (2%) 

2 (4%) 
(50) 


1 (2%)
(50) 


10 (20%) 

MID 

DOSE 


50 

50 

50 


(50) 


1 (2%) 
1 (2%) 

1 (2%) 
(50)

1 (2%) 

(49) 

(49) 

(50) 


1 (2%) 

1 (2%) 

1 (2%) 

(50) 


1 (2%) 

(48) 

2 (4%) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 
(49) 

7 (14%) 

HIGH 

DOSE 


50 
50 

50 


(50)

1 (2%) 

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

(50) 


1 (2%)
1 (2%) 

(48) 

(48) 

(50)

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

1 (2%) 

1 (2%) 

4 (8%) 

1 (2%) 

1 (2%)
(50) 


1 (2%) 

(48) 

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

(49) 
1 (2%) 
2 (4%) 

(49) 
8 (16%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

~ ~ ~~ ~-~ 

HEMATOPOIETIC SYSTEM (Continued) 
#SPLENIC RED PULP (50) (50) (49) (49) 

CONGESTION, ACUTE 1 (2%)
PIGMENTATION, NOS 1 (2%) 2 (4%) 4 (8%) 3 (6%) 
HEMATOPOIESIS 2 (4%) 1 (2%) 8 (16%) 

#MANDIBULAR L. NODE (48) (42) (43) (39) 
H E MORRH AGE 1 (2%) 
INFLAMMATION, CHRONIC FOCAL 2 (4%) 
INFLAMMATION GRANULOMATOUS FOCAL 1 (2%) 1 (3%) 
NECROSIS, FOCAL 2 (5%) 
PIGMENTATION, NOS 1 (3%)
LYMPHOID DEPLETION 1 (2%) 1 (2%)
HISTIOCYTOSIS 19 (40%) 17 (40%) 22 (51%) 18 (46%) 
PLASMACYTOSIS 1 (2%) 1 (3%) 

#PANCREATIC L. NODE (48) (42) (43) (39) 

HEMORRHAGE 1 (2%) 

HISTIOCYTOSIS 1 ( 2 % )  


#MESENTERIC L. NODE (48) (42) 

INFLAMMATION, CHRONIC FOCAL 1 ( 2 % )  

HISTIOCYTOSIS 


#RENAL LYMPH NODE (48) (42) 

HISTIOCYTOSIS 1 ( 2 % )  


#INGUINAL LYMPH NODE (48) (42) 

HISTIOCYTOSIS 


#THYMIC LYMPH NODE (48) (42)

INFLAMMATION, CHRONIC FOCAL 1 (2%) 

INFLAMMATION GRANULOMATOUS FOCAL 1 (2%)

PIGMENTATION, NOS 1 (2%)

HISTIOCYTOSIS 1 (2%) 1 (2%) 

ERYTHROPHAGOCYTOSIS 1 (2%) 


#LIVER (50) (49) (50) 

HEMATOPOIESIS 


IPEYER'S PATCH (50) (48) (47) 

HYPERPLASIA, LYMPHOID 1 (2%) 


#ZONA FASCICULATA (50) (50) (47) 

HEMATOPOIESIS 1 (2%) 


#THYMUS (46) (46) (44) 

EMBRYONAL DUCT CYST 1 (2%) 

LYMPHOID DEPLETION 2 (4%) 2 (5%) 


#THYMIC CORTEX (46) (46) (44) 
LYMPHOID DEPLETION 2 (4%) 2 (5%) 1 (3%)

#THYMIC MEDULLA (46) (46) (44) (37) 
EMBRYONAL DUCT CYST 1 (3%) 
METAPLASIA, SQUAMOUS 1 (3%) 

CIRCULATORY SYSTEM 
#HARDERIAN GLAND (49) (50) (48) 

PERIARTERITIS 
#CEREBRUM (50) (50) (50) 

PERIARTERITIS 1 (2%) 
#LUNG (50) (50) (50) 

PERIVASCULITIS 2 (4%)
#MYOCARDIUM (50) (50) (50) 

MINERALIZATION 1 (2%) 
INFLAMMATION. CHRONIC FOCAL 2 (4%) 
DEGENERATION', NOS 32 (64%) 31 (62%) 39 (78%) 30 (60%) 

*PULMONARY ARTERY (50) (50) (50) (50) 
MINERALIZATION 1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

DIGESTIVE SYSTEM 
*PALATE 

HYPERKERATOSIS 
ACANTHOSIS 

#SALIVARY GLAND 
INFLAMMATION, ACUTE FOCAL 
ATROPHY, FOCAL 

HYPERPLASIA, FOCAL 

CONGESTION, ACUTE PASSIVE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTECHRONIC 
INFLAMMATION GRANULOMATOUS 

#PAROTID DUCT 

#LIVER 

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

(50) 

1 (2%)
(50) 

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

(50) 
3 (6%) 
3 (6%) 

2 (4%) 
2 (4%) 

1 (2%) 

(50) 

(50) 

(49) 

(50) 
2 (4%) 
2 (4%) 

(48) 

1 (2%) 
(48) 

(50) 

1 (2%) 

(50) 
3 (6%) 
3 (6%)

(50) 

(50) 

(50) 

1 (2%) 
2 (4%) 

BASOPHILIC CYTO CHANGE 
FOCAL CELLULAR CHANGE 

ANGIECTASIS 
#HEPATIC CAPSULE 

CONGESTION, NOS 
#LIVE WCENTRILOBULAR 

NECROSIS, FOCAL 
CYTOPLASMIC VACUOLIZATION 

#LIVER/PERIPORTAL 
INFLAMMATION, ACUTE/CHRONIC 
CYTOPLASMIC VACUOLIZATION 

#LIVEFUJ-iEPATOCY TES 
NECROSIS, NOS 
NECROSIS, FOCAL 
CYTOPLASMIC VACUOLIZATION 
BASOPHILIC CYTO CHANGE 

FOCAL 

CLEAR-CELL CHANGE 

CLEAR-CELL CHANGE 
#BILE DUCT 

HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#PANCREATIC ACINUS 
ATROPHY, FOCAL 
ATROPHY, DIFFUSE 

ULCER, ACUTE 
#GASTRIC PYLORIC GLAND 

#GASTRIC SUBMUCOSA 
EDEMA, NOS 
INFLAMMATION. ACUTE FOCAL 
INFLAMMATION; ACUTEKHRONIC 

#CARDIAC STOMACH 
HYPERKERATOSIS 
ACANTHOSIS 

#GASTRIC FUNDUS 
DILATATION, NOS 

23 (46%) 
22 (44%) 
1 (2%) 
2 (4%) 

(50) 

(50) 

(50) 

1 (2%)
(50) 

1 (2%) 
1 (2%) 

(50) 

(49) 
21 (42%) 

9 (18%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

2 (4%) 
2 (4%) 

(50) 

(50) 

13 (27%) 
37 (76%) 

3 (6%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) 
1 (2%) 

17 (35%) 

8 (16%)
(50) 

(50) 

(50) 

(50) 

(50) 

7 (14%) 
21 (42%) 

8 (16%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
2 (4%) 

1 (2%) 

3 (6%) 
1 (2%) 

(50) 

(50) 

(50) 

20 (40%) 

7 (14%)
(49) 

(48) 

(48) 

(48) 

(48) 

6 (12%) 
15 (30%) 

1 (2%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

(50) 

2 (4%)
(50) 

1 (2%)
(50) 

(49) 

(49) 

(49) 

19 (38%) 

12 (24%) 
1 (2%) 

2 (4%) 
1 (2%) 

(49) 

(49) 

1 (2%) 
1 (2%) 

1 (2%) 
HEMORRHAGE 
ULCER, ACUTE 
NECROSIS, FOCAL 

PARASITISM 

HEMORRHAGE 

HEMORRHAGE 

HEMORRHAGE 

#COLON 

#CECUM 

*RECTUM 

*RECTAL SUBMUCOSA 

16 (32%) 
(481 

(48) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
16 (32%) 

(49) 

(49) 

(50) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 
8 (17%) 

(45) 

(45) 

(50) 

(50) 

9 (18%) 

2 (4%) 
(48) 

(48) 

(50) 

(50) 
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TABLE C2. ARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

URINARY SYSTEM 
#KIDNEY 


CONGESTION, ACUTE PASSIVE 

NEPHROPATHY 

BACTERIAL SEPTICEMIA 

NEPHROSIS, NOS 


#KIDNEY/CORTEX

CYST, NOS 

NEPHROSIS, NOS 


# KIDNEYRUBULE 

MINERALIZATION 

DILATATION, NOS 

DEGENERATION, NOS 

PIGMENTATION, NOS 


#KIDNEYPELVIS 

MINERALIZATION 

HYPERPLASIA, EPITHELIAL 


#URINARY BLADDER 
CALCULUS,MICROSCOPIC EXAMINATION 
INFLAMMATION ACTIVE CHRONIC 

#U. BLADDER/MUCOSA 

HYPERPLASIA, PAPILLARY 

METAPLASIA, SQUAMOUS 


#U. BLADDEFUSUBMUCOSA 

INFLAMMATION, CHRONIC FOCAL 


ENDOCRINE SYSTEM 
#PITUITARY 


HEMORRHAGE, CHRONIC 

HYPERPLASIA, EPITHELIAL 

HYPERPLASIA, FOCAL 


#ANTERIOR PITUITARY 

EMBRYONAL DUCT CYST 

CYST, NOS 

MULTIPLE CYSTS 

CONGESTION, NOS 

HEMORRHAGE 

HEMORRHAGIC CYST 

HEMORRHAGE, CHRONIC 

INFLAMMATION, CHRONIC FOCAL 

FOCAL CELLULAR CHANGE 


#PITUITARY CELL 

CYTOPLASMIC VACUOLIZATION 

HYPERPLASIA, FOCAL 


#ADRENAL CORTEX 

CONGESTION, NOS 

HEMORRHAGIC CYST 

NECROSIS, FOCAL 

LIPOIDOSIS 

CYTOPLASMIC VACUOLIZATION 

CELL-SIZE, ALTERATION 


#ZONA FASCICULATA 

CYST, NOS 

CONGESTION, NOS 

HEMORRHAGIC CYST 

DEGENERATION, NOS 

DEGENERATION, CYSTIC 

NECROSIS, FOCAL 

CYTOPLASMIC VACUOLIZATION 


CONTROL 
(VEH) 

(50) 
1 (2%) 

16 (32%) 

2 (4%) 
(50) 

3 (6%) 
(50) 

(50) 

(48) 

(48) 

(48) 
2 (4%) 

(471 

(47)
7 (15%) 

1 (2%) 
1 (2%) 

1 (2%) 

(47) 

5 (11%) 
(50) 

2 (4%) 

(50) 

1 (2%)
1 (2%) 

LOW 

DOSE 


(50) 

27 (54%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
(50) 

1 (2%) 

(47) 
1 (2%) 

(47) 

1 (2%) 
(47) 

(50) 

1 (2%) 

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

2 (4%) 

(50) 

9 (18%) 
(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) 

1 (2%) 

5 (10%) 

MID 

DOSE 


(50) 

34 (68%) 

(50) 

(50) 

(50) 

1 (2%) 
(47) 

1 (2%) 
(47) 

1 (2%) 

(47) 

(48) 
1 (2%) 

1 (2%) 
(48)

8 (17%) 

2 (4%) 

1 (2%) 

(48) 
1 (2%) 
4 (8%) 

(47) 

1 (2%) 

(47) 

1 (2%) 

1 (2%) 

1 (2%) 
4 (9%) 

HIGH 

DOSE 


(49) 

20 (41%) 
1 (2%) 

(49) 
1 (2%) 

(49) 
1 (2%) 

2 (4%) 

(49) 

(49) 

(49) 

(49) 

(49) 

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

1 (2%) 

1 (2%) 
(49) 

7 (14%) 
(49) 

1 (2%) 

1 (2%) 

(49)
1 (2%) 

1 (2%) 

4 (8%) 

167 Benzene, NTP TR 289 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

ENDOCRINE SYSTEM 
#ZONA FASCICULATA (Continued) 

FOCAL CELLULAR CHANGE 
CLEAR-CELL CHANGE 
CELL-SIZE, ALTERATION 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ZONA RETICULARIS 
NECROSIS, FOCAL 

#ADRENAL MEDULLA 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

ECTOPIA 
#THYROID 

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

(50) 

(50) 
3 (6%) 

(50) 

(50) 

2 (4%) 

2 (4%) 
15 (30%) 

(50) 

(50) 
1 (2%) 
9 (18%) 

(50) 

(47) 

1 (2%) 

(47) 

(47) 

2 (4%) 

1 (2%) 
(50) 

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

(49) 

(49) 

(49) 

EMBRYONAL DUCT CYST 
THYROGLOSSAL DUCT CYST 
CYSTIC FOLLICLES 
FOLLICULAR CYST, NOS 
HYPERPLASIA, PAPILLARY 
HYPERPLASIA, C-CELL 
HYPERPLASIA, FOLLICULAR-CELL 

#THYROID FOLLICLE 
MULTIPLE CYSTS 
HYPERPLASIA, CYSTIC 

2 (4%) 
1 (2%) 

13 (26%) 

(50) 
2 (4%) 

1 (2%) 

3 (6%) 

8 (16%) 

(50) 

1 (2%) 

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

6 (12%) 
1 (2%) 

2 (4%) 

(50) 

1 (2%) 

10 (20%) 

(49) 

1 (2%) 
#PANCREATIC ISLETS 

CELL-SIZE, ALTERATION 
(49) (50) 

1 (2%) 
(49) (49)

1 (2%) 
HYPERPLASIA, FOCAL 2 (4%) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

GALACTOCELE 
CYSTIC DUCTS 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 

HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 

HYPERPLASIA, CYSTIC 

*MAMMARY ACINUS 

*CLITORAL GLAND 

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

2 (4%) 

2 (4%) 
19 (38%) 

(50) 

(50) 

(50) 
4 (8%) 

(50) 

17 (34%) 
(50) 

(50)
2 (4%) 

1 (2%) 
1 (2%) 

(50) 
1 (2%) 

18 (36%) 
(50) 

(50) 

(50) 

13 (26%) 

1 (2%) 
(50) 

DILATATION, NOS 

DIVERTICULUM 

INFLAMMATION, ACUTE FOCAL 
CYTOPLASMIC VACUOLIZATION 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
HYPERPLASIA, PAPILLARY 
HYPERPLASIA, CYSTIC 

#ENDOMETRIAL STROMA 
EDEMA, NOS 

#UTERUS 

#CERVIX UTERI 

#UTERUS/ENDOMETRIUM 

(50) 

(50) 

(501 

9 (18%) 

1 (2%) 
2 (4%) 

1 (2%) 
30 (60%) 

1 (2%) 
(50) 

(50) 

(50) 

(50) 

7 (14%) 

1 (2%) 

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

31 (62%) 
(50) 

(49) 

(49) 

(49) 

9 (18%) 

1 (2%) 

1 (2%) 

1 (2%) 
32 (65%) 

(49) 

2 (4%) 
(50) 

(50) 

(50) 

1 (2%) 

34 (68%) 
(50) 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION ACTIVE CHRONIC 

ABSCESS, NOS 
#OVARY/PAROVARIAN 

1 (2%) 
1 (2%) 

(50) (50) 

1 (2%) 
1 (2%) 

(49) (50)
1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#OVARY 

FOLLICULAR CYST, NOS 
PAROVARIAN CYST 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, CHRONIC FOCAL 

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

(50) 
5 (10%) 
5 (10%) 

1 (2%) 

(49) 
4 (8%)
7 (14%) 

2 (4%) 

(50) 
3 (6%) 
5 (10%) 
1 (2%) 

ATROPHY, SENILE 

MULTIPLE CYSTS 
#OVARY/FOLLICLE (50) (50) (49) 

1 (2%) 

1 (2%) 
(50) 

NERVOUS SYSTEM 
#LATERAL VENTRICLE 

#CERE B RUM 

#BRAIN 

#HYPOTHALAMUS 

#MEDULLA OBLONGATA 

HYDROCEPHALUS, NOS 

ATROPHY, PRESSURE 

HYDROCEPHALUS, NOS 

ATROPHY, PRESSURE 

HEMORRHAGE 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

2 (4%) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

2 (4%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

4 18%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

SPECIAL SENSE ORGANS 
*EYE 

MICROPHTHALMIA 

HEMORRHAGE 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, EPITHELIAL 

*EYE ANTERIOR CHAMBER 

'EYEKORNEA 

(50) 

(50) 

(50) 

1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 
(50) 

(50) 

(50) 

1 (2%) 

(50) 

(50) 

(50) 
1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

DEGENERATION, NOS 

CATARACT 

INFLAMMATION, NOS 

*E Y E/RETINA 

*EYE/CRYSTALLINE LENS 

#HARDERIAN GLAND 

INFLAMMATION;CHRONIC 
PORPHYRIN 
ATROPHY, NOS 
ATROPHY. FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 
METAPLASIA, SQUAMOUS 

(50) 

(50) 

(49) 

4 (8%) 

3 (6%) 

33 (67%) 

1 (2%) 

(50) 

(50) 

(49) 

6 (12%) 

5 (10%) 

1 (2%) 
26 (53%)

2 (4%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

5 (10%) 

4 (8%) 

17 (34%) 

1 (2%) 
1 (2%) 

7 (14%) 

4 (8%) 

(50) 

(501 

(48) 

7 (15%) 

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

#ZYMBAL GLAND 
DILATATIONDUCTS 
CYSTIC DUCTS 
INFLAMMATION, CHRONIC 
HYPERPLASIA, FOCAL 
METAPLASIA, SQUAMOUS 

(45) 
15 (33%) 
1 (2%) 
1 (2%) 

(40) 
22 (55%) 

2 (5%) 

(44) 
28 (64%). 

8 (18%) 
1 (2%) 
6 (14%) 

23 (50%) 
3 (7%) 

1 (2%) 
2 (4%) 

(46) 

MUSCULOSKELETAL SYSTEM 

OSTEOSCLEROSIS 
FIBROUS DYSPLASIA 

*FEMUR (50) 
8 (16%) 
1 (2%) 

(50)
8 (16%) 

(50)
7 (14%) 

(50)
3 (6%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

BODY CAVITIES 
*MEDIASTINUM 

FOREIGN BODY, NOS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTEKHRONIC 
GRANULOMA, FOREIGN BODY 

INFLAMMATION, ACUTE/CHRONIC 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION GRANULOMATOUS FOCAL 

*PLEURA 

*EPICARDIUM 

*MESENTERY 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

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

1 (2%) 
(50) 

(50) 

(50) 

ALL OTHER SYSTEMS 
ADIPOSE TISSUE 

INFLAMMATION GRANULOMATOUS FOCAL 1 

SPECIAL MORPHOLOGY SUMMARY 
NO LESION REPORTED 1 

* NUMBER OF ANIMALS NECROPSIED 
# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

ANIMALS INITIALLY IN STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

50 
50 
50 

50 
50 
50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*SKIN 

ULCER, NOS 
INFLAMMATION, ACUTEXHRONIC 
ULCER, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 

MULTIPLE CYSTS 
EDEMA, NOS 
INFLAMMATION, MULTIFOCAL 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE FOCAL 
ABSCESS, NOS 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 
INFECTION, FUNGAL 
NECROSIS, FOCAL 
METAPLASIA, OSSEOUS 

*SUBCUT TISSUE 

(50) 

1 (2%) 

1 (2%) 

(50) 

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

2 (4%) 
1 (2%) 

(50) 

1 (2%) 

4 (8%) 
1 (2%) 

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

(50) 

2 (4%) 

(50) 

1 (2%) 

1 (2%) 

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

1 (2%) 

(50) 

1 (2%) 
1 (2%) 

2 (4%) 

RESPIRATORY SYSTEM 
#LUNG 

MINERALIZATION 
CONGESTION, ACUTE 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, INTERSTITIAL 
PNEUMONIA, ASPIRATION 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION ACTIVE CHRONIC 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC 
PNEUMONIA INTERSTITIAL CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 
PERIVASCULAR CUFFING 
ALVEOLAR MACROPHAGES 
HYPERPLASIA, ALVEOLAR EPITHELIUM 
HISTIOCYTOSIS 

ASPIRATION, FOREIGN BODY 
INFLAMMATION, INTERSTITIAL 

#LUNG/ALVEOLI 

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

1 (2%) 

1 (2%) 

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

(50) 

(50) 

1 (2%) 
2 (4%) 

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

3 (6%) 
2 (4%) 

I (2%)
1 (2%) 

(50) 

(50) 
1 (2%) 

3 (6%) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 
7 (14%) 

(50) 

(50) 

6 (12%) 

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

1 (2%) 
1 (2%) 

10 (20%) 
3 (6%)

(50) 

HEMATOPOIETIC SYSTEM 
*MULTIPLE ORGANS 

*BLOOD 
HYPERPLASIA, LYMPHOID 

LEUKOCYTOSIS, NOS 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 


CONTROL LOW MID HIGH 


HEMATOPOIETIC SYSTEM (Continued) 
#BONE MARROW 

HEMORRHAGE 
INFLAMMATION GRANULOMATOUS FOCAL 
NECROSIS, FOCAL 
HEMOSIDEROSIS 
HYPERPLASIA, DIFFUSE 
ANGIECTASIS 
MYELOFIBROSIS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, GRANULOCYTIC 
HEMATOPOIESIS 

#SPLEEN 

ECTOPIA 

HEMORRHAGE 

NECROSIS, FOCAL 

AMYLOIDOSIS 

LYMPHOID DEPLETION 

HYPERPLASIA, LYMPHOID 

HEMATOPOIESIS 


#SPLENIC CAPSULE 

FIBROSIS, FOCAL 


#SPLENIC FOLLICLES 

NECROSIS, FOCAL 


#SPLENIC RED PULP 

HEMATOPOIESIS 


#LYMPH NODE 

HEMORRHAGE 

INFLAMMATION, ACUTE/CHRONIC 

HEMOSIDEROSIS 

HYPERPLASIA, LYMPHOID 


#MANDIBULAR L. NODE 

HEMORRHAGE 

INFLAMMATION, ACUTE/CHRONIC 

INFLAMMATION, CHRONIC FOCAL 

PIGMENTATION, NOS 

HEMOSIDEROSIS 

LYMPHOID DEPLETION 

HISTIOCYTOSIS 

PLASMACYTOSIS 

ERYTHROPHAGOCYTOSIS 

HYPERPLASIA, PLASMA CELL 

HYPERPLASIA, RETICULUM CELL 

HYPERPLASIA, LYMPHOID 


#CERVICAL LYMPH NODE 

PLASMACYTOSIS 

HYPERPLASIA, LYMPHOID 


#BRONCHIAL LYMPH NODE 

HEMORRHAGE 


#MEDIASTINAL L. NODE 

LYMPHOID DEPLETION 


#PANCREATIC L. NODE 

HEMORRHAGE 

INFLAMMATION, ACUTE/CHRONIC 

ANGIECTASIS 

HYPERPLASIA, LYMPHOID 

HEMATOPOIESIS 


(VEH) DOSE DOSE DOSE 

(49) (50)
1 (2%) 

(50) 

1 (2%) 

(49) 

1 (2%) 

(50) 

1 (2%) 

1 (2%) 

11 (22%) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 

10 (20%)
2 (4%) 
2 (4%) 

(49) 

2 (4%) 
1 (2%) 

1 (2%)
1 (2%) 

1 (2%)
25 (51%)
2 (4%) 

(47)
1 (2%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(42) 
2 (4%) 

(42) 
1 (2%) 

1 (2%)
2 (4%)
3 (6%)
8 (16%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

(41) 

(41) 

3 (6%)
1 (2%)
17 (35%) 

(49) 

(49) 

(49) 

(40) 
2 (4%) 

1 (3%) 
1 (3%)

(40) 

1 (3%) 

11 (23%) 
1 (2%)
23 (49%) 

(47) 

(47) 

(47) 

(37) 
1 (2%) 

3 (8%) 

1 (3%)
(37) 

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

1 (3%) 
1 (2%) 

11 (26%)
(43) 

(43) 

(43) 

(43) 

1 (2%) 

1 (2%) 

2 (5%) 

1 (2%) 
(41) 

(41) 

(41) 

(41) 
1 (2%) 

1 (2%) 

2 (5%) 
1 (3%)
1, (3%) 
1 (3%)
4 (10%) 

1 (3%)
1 (3%) 

(40) 

(40) 

(40) 

(40) 

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

3 (8%) 

1 (3%) 

(37) 

(37) 

(37) 

(37)
1 (3%) 
1 (3%) 

1 (3%) 
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TABLE D l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#MESENTERE L. NODE 


DILATATION, NOS 

EDEMA, NOS 

HEMORRHAGE 

INFLAMMATION, ACUTE DIFFUSE 

INFLAMMATION, ACUTEICHRONIC 

LYMPHOID DEPLETION 

ANGIECTASIS 

LEUKEMOID REACTION 

PLASMACYTOSIS 

HYPERPLASIA, RETICULUM CELL 

HYPERPLASIA, LYMPHOID 

HEMATOPOIESIS 


#RENAL LYMPH NODE 

INFLAMMATION, ACUTEICHRONIC 

PLASMACYTOSIS 

HYPERPLASIA, LYMPHOID 


#AXILLARY LYMPH NODE 

HYPERPLASIA, RETICULUM CELL 

HYPERPLASIA, LYMPHOID 


#THYMIC LYMPH NODE 
HEMORRHAGE 
INFLAMMATION GRANULOMATOUS FOCAL 
HYPERPLASIA, LYMPHOID 

#LIVER 

HEMATOPOIESIS 


#KIDNEY 

HYPERPLASIA, LYMPHOID 


#PITUITARY 

HYPERPLASIA, EOSINOPHILIC 


#THYMUS 

MINERALIZATION 

LYMPHOID DEPLETION 

HYPERPLASIA, EPITHELIAL 

HYPERPLASIA, RETICULUM CELL 

HYPERPLASIA, LYMPHOID 


#THYMIC CORTEX 

LYMPHOID DEPLETION 


#THYMIC MEDULLA 

INFLAMMATION, ACUTE DIFFUSE 


#THYMIC LYMPHOCYTES 

NECROSIS, NOS 

NECROSIS, DIFFUSE 


pp 


CIRCULATORY SYSTEM 
*SUBCUT TISSUE 

LYMPHANGIECTASIS 
#BONE MARROW 

THROMBUS, ORGANIZED 
#LUNG 

PERIVASCULITIS 
#HEART 


MINERALIZATION 

THROMBOSIS, NOS 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, ACUTEICHRONIC 

INFLAMMATION, CHRONIC FOCAL 


#AURICULAR APPENDAGE 

HYPERTROPHY, NOS 


CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

(50) 
1 (2%) 

(50) 

(46) 

(34) 
1 (3%) 
2 (6%) 

(34) 
3 (9%) 

(34) 

(34) 
1 (3%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CIRCULATORY SYSTEM (Continued) 
#RIGHT VENTRICLE 


FIBROSIS, FOCAL 

DEGENERATION, NOS 


#LEFT VENTRICLE 

INFLAMMATION, ACUTE FOCAL 

DEGENERATION, NOS 


#MYOCARDIUM 

MINERALIZATION 

INFLAMMATION, MULTIFOCAL 

INFLAMMATION, CHRONIC FOCAL 

DEGENERATION, NOS 


#ENDOCARDIUM 

INFLAMMATION. ACUTE FOCAL 


#TRICUSPID VALVE 

PIGMENTATION, NOS 


*ARTERY 

INFLAMMATION, ACUTEKHRONIC 


*AORTA 

MINERALIZATION 

INFLAMMATION, ACUTEKHRONIC 


*PULMONARY ARTERY 

EMBOLUS, SEPTIC 


*ADRENAL ARTERY 

PIGMENTATION, NOS 


#PERIPROSTATIC TISSUE 

PERIARTERITIS 


DIGESTIVE SYSTEM 
#SALIVARY GLAND 

LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, CHRONIC FOCAL 
AMYLOIDOSIS 
ATROPHY, FOCAL 

#PAROTID GLAND 

ATROPHY, DIFFUSE 


#LIVER 
MINERALIZATION 
CONGESTION, CHRONIC PASSIVE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, FOCAL 
NECROSIS, DIFFUSE 
NECROSIS, COAGULATIVE 
NUCLEAR-SIZE ALTERATION 
BASOPHILIC CYTO CHANGE 
FOCAL CELLULAR CHANGE 
CLEAR-CELL CHANGE 
CYTOPLASMIC MATRIX, ALTERATION 
CELL-SIZE, ALTERATION 
N-C RATIO, ALTERATION 
ANGIECTASIS 

#LIVER/CENTRILOBULAR

NECROSIS, FOCAL 

NECROSIS, DIFFUSE 


#LIVE W E  PATOC YTES 

NECROSIS, FOCAL 

NUCLEAR ENLARGEMENT 

FOCAL CELLULAR CHANGE 

CELL-SIZE, ALTERATION 


CONTROL 
(VEH) 

(50) 
2 (4%) 

13 (26%) 

(50) 

(50) 

1 (2%) 

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

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

1 (2%) 
1 (2%) 

(50) 


1 (2%) 
(50)  

1 (2%) 
1 (2%) 

LOW 

DOSE 


(49) 

11 (22%) 

1 (2%) 
(49) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 
6 (12%) 

(50)
1 (2%) 

(50)  

1 (2%) 

MID 

DOSE 


(50) 

11 (22%) 

(50) 
1 (2%) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 

4 (8%) 

5 (10%) 

(50) 

(50) 

1 (2%) 

HIGH 

DOSE 


(50) 

1 (2%) 
(50) 

1 (2%) 
1 (2%)

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

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

(46) 

2 (4%) 
1 (2%) 

(46) 

(48) 
1 (2%) 

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

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 
(48) 

(48) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

DIGESTIVE SYSTEM (Continued) 
*GALLBLADDER 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 

HYPERPLASIA, FOCAL 

INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, COAGULATIVE 
AMYLOIDOSIS 

#PANCREATIC ACINUS 
ATROPHY, FOCAL 

#BILE DUCT 

#PANCREAS 

ATROPHY; DIFFUSE 
#PERIPANCREATIC TISSUE 

INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, FOCAL 

PENETRATING WOUND 
INFLAMMATION, CHRONIC FOCAL 

#ESOPHAGUS 

NECROSIS, FOCAL 
#PERIESOPHAGEAL TISSUE 

INFLAMMATION, ACUTE FOCAL 

HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 
EROSION 
HYPERPLASIA, EPITHELIAL 

NECROSIS, FOCAL 
HYPERKERATOSIS 
ACANTHOSIS 

#STOMACH 

#GASTRIC MUCOSA 

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

1 (2%) 

(50) 

(49) 
1 (2%) 

2 (4%) 

(49) 
1 (2%) 

(49) 
1 (2%) 

(50) 

(50) 

(46) 
1 (2%) 

1 (2%) 

1 (2%) 

(46) 

(50) 

(50) 

(47) 
1 (2%) 

(47)
1 (2%) 
1 (2%) 

(47) 

1 (2%) 

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

(50) 

(44) 

1 (2%) 

1 (2%)
(44) 

(50) 

1 (2%) 
1 (2%) 

(50) 

(48) 

1 (2%) 

(48)
3 (6%) 
1 (2%)

(48) 

1 (2%)  
(50) 

(50) 

(44) 

1 (2%) 

(44) 

(50) 

1 (2%) 
(48) 

(46) 

1 (2%) 

1 (2%) 

4 (9%) 
1 (2%) 

(46) 

(46) 

(48) 

1 (2%) 
(48) 

(39) 

(39) 

1 (3%) 
1 (3%) 

#GASTRIC FUNDAL GLAND 
DILATATION, NOS 

#GLANDULAR STOMACH 
DILATATION, NOS 

#CARDIAC STOMACH 
CYST. NOS 
ULCER, NOS 
ULCER, ACUTE 
INFLAMMATION, ACUTE/CHRONIC 

HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 
HYPERKERATOSIS 

CELL-SIZE, ALTERATION 

#GASTRIC FUNDUS 
MINERALIZATION 
ULCER, NOS 
INFLAMMATION, ACUTE FOCAL 
EROSION 
NECROSIS, FOCAL 
METAPLASIA, SQUAMOUS 

PARASITISM 

INFLAMMATION, ACUTE DIFFUSE 
PARASITISM 
HYPERPLASIA, FOCAL 

#DUODENUM 

#JEJUNUM 

(46) 

(46) 

(46) 

1 (2%) 

1 (2%) 

2 (4%) 

1 (2%) 

1 (2%) 
(46) 

(46) 

(46) 
1 (2%) 

1 (2%)
1 (2%) 

(44) 

(44) 

(44)
1 (2%) 

1 (2%) 

10 (23%) 

7 (16%) 
(44) 

(37) 

(37) 

1 (3%) 

(44) 

(44) 

(44)
1 (2%) 

1 (2%) 

2 (5%)
2 (5%) 
4 (9%) 

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

1 (2%) 

(44) 

(40) 

(40) 

(39) 

(39) 

(39) 
1 (3%) 

1 (3%) 

(39) 

1 (3%) 

1 (3%) 

(34) 

(34) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

DIGESTIVE SYSTEM (Continued) 
#JEJUNAL SUBMUCOSA 

#COLON 
INFLAMMATION, CHRONIC FOCAL 

PARASITISM 

PARASITISM 

NECROSIS, FOCAL 
HYPERPLASIA, DIFFUSE 

#CECUM 

*RECTUM 

URINARY SYSTEM 
*U. BLADDEWCAVITY 

#KIDNEY 
RETENTION OF CONTENT 

EMBRYONAL REST 
MINERALIZATION 
HYDRONEPHROSIS 
CYST, NOS 
PYELONEPHRITIS, FOCAL 
LYMPHOCYTIC INFLAMMATORY INFILTR 
PYELONEPHRITIS, ACUTE 
INFLAMMATION, ACUTE SUPPURATIVE 
ABSCESS, NOS 
PYELONEPHRITIS, ACUTE/CHRONIC 
GLOMERULONEPHRITIS, CHRONIC 
PYELONEPHRITIS, CHRONIC 
NEPHROPATHY 
GLOMERULOSCLEROSIS, NOS 
INFARCT, FOCAL 
INFARCT, ACUTE 
CLEAR-CELL CHANGE 
HYPERPLASIA, TUBULAR CELL 

INFLAMMATION, ACUTE FOCAL 

MINERALIZATION 
DILATATION, NOS 
NECROSIS, FOCAL 

#PERIRENAL TISSUE 

#KIDNE Y/TUB ULE 

PIGMENTATION, NOS 
ATROPHY, FOCAL 

MINERALIZATION 
HEMORRHAGE 

NECROSIS, COAGULATIVE 

CALCULUS,GROSS OBSERVATION ONLY 
DILATATION, NOS 

#KIDNEYPELVIS 

INFLAMMATION, ACUTE FOCAL 

#URINARY BLADDER 

INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, DIFFUSE 

MINERALIZATION 
INFLAMMATION, ACUTE DIFFUSE 

INFLAMMATION, ACUTEKHRONIC 

RU. BLADDEWUCOSA 

#U. BLADDEWSUBMUCOSA 

(46) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

28 (56%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(46) 

4 (9%) 

1 (2%) 
1 (2%) 

1 (2%) 

(46) 

(46) 

(44) 

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

1 (2%) 

1 (2%) 

20 (40%) 

1 (2%) 

(50) 

(50)  

(50) 

1 (2%) 

(44) 

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

(44) 

(44) 

(43) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%)
1 (2%)
2 (4%) 
1 (2%) 
24 (48%)
2 (4%)
1 (2%) 
1 (2%) 

(50) 

(50) 

2 (4%) 
1 (2%) 

1 (2%)
(50) 

1 (2%) 

1 (2%)
(43) 

7 (16%)
1 (2%) 
1 (2%) 

(43) 

(43) 

3 (6%) 

1 (2%) 

15 (31%) 

2 (4%)
1 (2%) 

1 (2%) 

1 (2%)
(49) 

(49) 

(49) 

1 (2%) 

(41) 

1 (2%) 

4 (10%) 

(41) 

(41) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

URINARY SYSTEM (Continued) 
*URETHRA 

RETENTION OF CONTENT 
INFLAMMATION, ACUTE DIFFUSE 

*URETHRAL MUCOSA 

EROSION 


*PROSTATIC URETHRA 
DILATATION, NOS 
RETENTION OF CONTENT 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE NECROTIZING 

ENDOCRINE SYSTEM 
#PITUITARY 


CYST, NOS 

HYPERPLASIA, FOCAL 


#ADRENAL 

FOCAL CELLULAR CHANGE 


#ADRENAWCRPSULE 

FIBROSIS, MULTIFOCAL 

HYPERPLASIA, FOCAL 


#ADRENAL CORTEX 
DEGENERATION, NOS 
DEGENERATION, HYALINE 
LIPOIDOSIS 
FOCAL CELLULAR CHANGE 
CYTOPLASMIC MATRIX, ALTERATION 
CELL-SIZE, ALTERATION 
HYPERTROPHY, FOCAL 
HYPERPLASIA, FOCAL 

#ZONA FASCICULATA 

LIPOIDOSIS 


#ADRENAL MEDULLA 

FIBROSIS, FOCAL 

HYPERPLASIA, FOCAL 


#PERIADRENAL TISSUE 
HEMORRHAGE 
INFLAMMATION, ACUTEZHRONIC 
INFLAMMATION, CHRONIC FOCAL 

#THYROID 
CYST, NOS 
FOLLICULAR CYST, NOS 
HYPERPLASIA, FOCAL 
HYPERPLASIA, FOLLICULAR-CELL 

#PANCREATIC ISLETS 

HYPERPLASIA, FOCAL 


REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

HYPERPLASIA, CYSTIC 
*MAMMARY ACINUS 

HYPERPLASIA, FOCAL 
*EPIDIDYMAL LUMEN 

DILATATION. NOS 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

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

(50) 

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

(50) 

(50) 
1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

(43) 

(50) 

(50) 

1 (2%) 
1 (2%) 

32 (64%) 

(42) 

(49) 

(49) 
1 (2%) 

14 (29%) 

(39) 

(47) 

(47) 
1 (2%) 
4 (9%) 

(50) (49) 
1 (2%) 

(47) 
1 (2%) 

11 (22%) 

(50) 

(50) 

5 (10%) 

8 (16%) 
1 (2%) 
1 (2%) 

(49) 

(49) 
1 (2%) 

1 (2%) 
9 (18%) 

1 (2%) 
6 (13%) 

2 (4%) 
1 (2%) 

(47) 

(47) 

2 (4%) 
(50) (49) 

1 (2%) 
(47) 

1 (2%) 

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

6 (13%) 

(49) 

(47) 

(49) 
1 (2%) 

1 (2%) 

2 (4%) 
(48) 

1 (2%)
1 (2%) 

1 (2%) 

3 (7%) 

(45) 

(46) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

REPRODUCTIVE SYSTEM (Continued) 
'PENIS 


INFLAMMATION, ACUTE/CHRONIC 

INFLAMMATION, CHRONIC FOCAL 


*PREPUCE 
ULCER, NOS 
ULCER, ACUTE 
INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, ACUTE/CHRONIC 

#PREPUTIAL GLAND 

DILATATION, NOS 

DILATATIONlDUCTS 

CYST, NOS 

ULCER, NOS 

INFLAMMATION, ACUTE 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, ACUTE DIFFUSE 

ABSCESS, NOS 

INFLAMMATION, ACUTE/CHRONIC 

INFLAMMATION, CHRONIC FOCAL 

HYPERPLASIA, EPITHELIAL 

HYPERPLASIA, FOCAL 

HYPERPLASIA, DIFFUSE 

HYPERKERATOSIS 

METAPLASIA, SQUAMOUS 


#PROSTATE 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 

*SEMINAL VESICLE 

DILATATION, NOS 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, CHRONIC FOCAL 

ATROPHY, DIFFUSE 

HYPERPLASIA, DIFFUSE 


#TESTIS 

MINERALIZATION 

SPERMATOCELE 

INFLAMMATION, ACUTE/CHRONIC 

ATROPHY, DIFFUSE 


#TESTIS/TUBULE

MINERALIZATION 

DEGENERATION, NOS 


#SPERMATOGENIC EPITHE 

MINERALIZATION 

DEGENERATION, NOS 

SYNCYTIAL ALTERATION 

HYPOPLASIA, NOS 

ATROPHY, FOCAL 

ATROPHY, DIFFUSE 


*EPIDIDYMIS 
MINERALIZATION 
HEMORRHAGE 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 
GRANULOMA, SPERMATIC 
HYPERPLASIA, EPITHELIAL 

CONTROL 
(VEH) 

(50) 

(50) 


1 (2%) 

(22) 
1 (5%) 
2 (9%) 

1 (5%) 
1 (5%) 
3 (14%) 

4 (18%)
5 (23%) 

1 (5%) 

(50) 

1 (2%) 
1 (2%) 

8 (16%) 
(50) 

2 (4%) 

1 (2%) 

1 (2%)
(50) 


(50) 


(50) 

(50) 


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

LOW 

DOSE 


(50) 

1 (2%) 

(50)
1 (2%) 

1 (2%) 
(28) 

1 (4%) 

1 (4%) 

1 (4%) 

5 (18%) 


10 (36%) 

17 (61%) 
1 (4%) 

2 (7%) 
2 (7%) 

(50) 

1 (2%)
(50)

5 (10%) 

(50)

1 (2%) 

1 (2%) 

(50) 


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

(50) 

1 (2%) 

1 (2%) 

MID 

DOSE 


(50) 


1 (2%) 
(50)  

1 (2%) 

(29) 

1 (3%) 

1 (3%) 

6 (21%) 
2 (7%) 
9 (31%) 

2 (7%) 

(50) 


2 (4%) 
(50) 

7 (14%) 
1 (2%) 

1 (2%) 

(50) 


1 (2%) 
(50) 


1 (2%) 

(50)
1 12%) 

2 (4%) 
(50) 


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

2 (4%) 

HIGH 
DOSE 


(50) 

1 (2%) 

(50) 

(36) 

1 (3%) 
1 (3%) 

1 (3%) 

1 (3%) 

1 (3%) 

(50) 


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

(50)

3 (6%) 

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

1 (2%) 
(48) 

1 (2%) 
1 (2%) 

(48) 

2 (4%) 
(50) 

2 (4%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

NERVOUS SYSTEM 
*PERIPHERAL NERVE 

#BRAINMENINGES 

#CERE B RUM 

#BRAIN 

INFLAMMATION, CHRONIC FOCAL 

INFLAMMATION, ACUTE FOCAL 

MALACIA 

MINERALIZATION 
HEMORRHAGE 

MINERALIZATION 
INFLAMMATION, ACUTE/CHRONIC 

HEMORRHAGE 

#BRAINmHALAMUS 

#MEDULLA OBLONGATA 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%)
1 (2%) 

12 (24%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

24 (48%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

18 (36%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

2 (4%) 

16 (32%) 
1 (2%) 

1 (2%) 

(50) 

(50) 

SPECIAL SENSE ORGANS 
*EYE/CORNEA 

ULCER, NOS 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE FOCAL 

RUPTURE 
CATARACT 

INFLAMMATION, ACUTE FOCAL 

*EYE/CRYSTALLINE LENS 

*E YE/CONJUNCTIVA 

(50) 

(50) 

1 (2%)
(50) 

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

1 (2%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(50) 

INFLAMMATION, CHRONIC FOCAL 

INFLAMMATION, CHRONIC FOCAL 

HYPERPLASIA, FOCAL 

MINERALIZATION 

*EYELACRIMAL GLAND 

*NASOLACRIMAL DUCT 

#HARDERIAN GLAND 

(50) 

(50) 

(50) 

(50) 

(50) 

(49) 

(50) 

(50) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 
DISTENTION 
RETENTION OF CONTENT 

1 (2%) 

INFLAMMATION, MULTIFOCAL 
INFLAMMATION, ACUTE FOCAL 1 (2%) 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION GRANULOMATOUS FOCAL 
FIBROSIS, MULTIFOCAL 

16 (32%) 
1 (2%)

11 (22%) 
1 (2%) 

2 (4%) 
7 (14%) 

1 (2%) 
DEGENERATION, NOS 
NECROSIS, FOCAL 
ATROPHY, FOCAL 
ATROPHY, DIFFUSE 

1 (2%) 

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

HYPERPLASIA, FOCAL 
METAPLASIA, NOS 

INFLAMMATION, ACUTE DIFFUSE 
*EAR CANAL (50) 

11 (22%) 
1 (2%)

(50) 

7 (14%) 

(50) 
1 (2%) 

HYPERPLASIA, EPITHELIAL 

DILATATION, NOS 
DILATATION/DUCTS
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 
METAPLASIA, SQUAMOUS 

#ZYMBAL GLAND (43) 

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

2 (5%) 

(40) 

2 (5%) 

1 (3%) 
12 (30%) 

(39) 
1 (3%) 
1 (3%) 

10 (26%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW 
(VEH) DOSE 

MUSCULOSKELETAL SYSTEM 
*FEMUR 

*ABDOMINAL MUSCLE 
FIBROUS OSTEODYSTROPHY 

INFLAMMATION, ACUTE FOCAL 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, FOCAL 1 (2%) 

INFLAMMATION, ACUTE/CHRONIC 
FIBROSIS, MULTIFOCAL 

*MUSCLE OF LEG (50) 
1 (2%)
1 (2%) 

(50) 

BODY CAVITIES 
*MEDIASTINUM 

VEGETABLE FOREIGN BODY 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 

(50) 

3 (6%) 

(50) 
1 (2%) 

INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 

1 (2%) 

NECROSIS, FOCAL 
FOREIGN MATERIAL, NOS 

1 (2%) 

INFLAMMATION GRANULOMATOUS FOCAL 

INFLAMMATION, ACUTE NECROTIZING 
INFLAMMATION, CHRONIC FOCAL 

*MEDIASTINAL PLEURA 
FOREIGN BODY, NOS 
INFLAMMATION, ACUTE/CHRONIC 

*ABDOMINAL CAVITY 

*PLEURA 

*PERICARDIUM 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION. ACUTE NECROTIZING 

*EPICARDIUM 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS (50) (50)

INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 5 (10%) 1 (2%)
AMYLOIDOSIS 1 (2%)
HYPERPLASIA, EPITHELIAL 1 (2%) 

SPECIAL MORPHOLOGY SUMMARY 
NONE 

# NUMBER O F  ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER O F  ANIMALS NECROPSIED 

MID 

DOSE 


(50) 

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

(50) 

(50) 

2 (4%) 

1 (2%) 

(50) 

(50) 

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

HIGH 

DOSE 


(50) 

(50) 

(50) 

(50) 

1 (2%) 
2 (4%) 

1 (2%) 

1 (2%) 
(50) 

(50) 
1 (2%) 

(50) 
1 (2%)
1 (2%) 
1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE I N  THE 
TWO-YEAR GAVAGE STUDY OF BENZENE 

CONTROL 
(VEH) 

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

INTEGUMENTARY SYSTEM 
*SKIN (50)

DERMAL INCLUSION CYST 
ULCER, NOS 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERKERATOSIS 
ACANTHOSIS 

*SUBCUT TISSUE (50) 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTElCHRONIC 
INFLAMMATION GRANULOMATOUS FOCAL 
FIBROSIS, FOCAL 

~~~ ~~ 

RESPIRATORY SYSTEM 
#TRACHEA 

INFLAMMATION, ACUTE DIFFUSE 
(47) 

#TRACHEAL GLAND 
INFLAMMATION, ACUTE FOCAL 

(47) 

#LUNGBRONCHUS 
FOREIGN MATERIAL, NOS 

#LUNG 
EMPHYSEMA, NOS 

(50)
2 (4%)

(50) 

CONGESTION, NOS 
CONGESTION, ACUTE PASSIVE 
EDEMA, NOS 
HEMORRHAGE 

1 (2%) 
1 (2%) 

7 (14%) 
HEMORRHAGE, CHRONIC 
LYMPHOCYTIC INFLAMMATORY INFILTR 3 (6%)

INFLAMMATION, INTERSTITIAL 1 (2%) 

PNEUMONIA, ASPIRATION 2 (4%) 

INFLAMMATION, ACUTE FOCAL 

INFLAMMATION, ACUTE DIFFUSE 1 (2%)

INFLAMMATION, ACUTE/CHRONIC 

PNEUMONIA INTERSTITIAL CHRONIC 

INFLAMMATION, CHRONIC FOCAL 

INFLAMMATION GRANULOMATOUS FOCAL 1 (2%)

NECROSIS, FOCAL 

HEMOSIDEROSIS 1 (2%)

HYPERPLASIA, ALVEOLAR EPITHELIUM 1 (2%) 

HISTIOCYTOSIS 2 (4%) 


#LUNG/ALVEOLI (50)
HEMORRHAGE 1 (2%) 

HEMATOPOIETIC SYSTEM 
#HARDERIAN GLAND (49) 

MASTOCYTOSIS 
*MULTIPLE ORGANS (50)

LEUKEMOID REACTION 
HYPERPLASIA, LYMPHOID 

#BONE MARROW (49)
HEMORRHAGE 
NECROSIS, FOCAL 
HEMOSIDEROSIS 

LOW 

DOSE 


50 

50 

50 


(50) 


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

(50) 

1 (2%) 

1 (2%)
1 (2%) 

(49) 

(49) 

(47) 

(47) 

1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

(47) 

(49) 
1 (2%)

(50) 


1 (2%) 
(49)

1 (2%) 

1 (2%) 

MID 

DOSE 


50 

50 

50 


(50)

1 (2%) 

(50) 


150) 

(50) 


(50) 


(50)

1 (2%) 

1 (2%) 

4 (8%) 

1 (2%) 

9 (18%) 
1 (2%) 

(50) 


HIGH 

DOSE 


50 
50 
50 


(50) 


(50) 


1 (2%) 

1 (2%) 

5 (10%) 
1 (2%) 

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

3 (6%) 

1 (2%) 

1 (2%) 

6 (12%)
1 (2%) 

(50) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

HEMATOPOIETIC SYSTEM 
#BONE MARROW (Continued) 

HYPOPLASIA, NOS 
HYPERPLASIA, HEMATOPOIETIC 
HYPERPLASIA, GRANULOCYTIC 
HEMATOPOIESIS 

HEMORRHAGE 
AMYLOIDOSIS 
HEMOSIDEROSIS 
LYMPHOID DEPLETION 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

HEMATOPOIESIS 

HEMORRHAGE 

CYST, NOS 
HEMORRHAGE 

#SPLEEN 

#SPLENIC RED PULP 

#LYMPH NODE 

#MANDIBULAR L. NODE 

AMYLOIDOSIS 
ANGIECTASIS 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

#BRONCHIAL LYMPH NODE 
HEMORRHAGE 

#MEDIASTINAL L. NODE 
HYPERPLASIA, LYMPHOID 

#PANCREATIC L. NODE 
HEMORRHAGE 
NECROSIS, FOCAL 
ANGIECTASIS 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 

HEMORRHAGE 
ANGIECTASIS 
HYPERPLASIA, PLASMA CELL 
HYPERPLASIA, RETICULUM CELL 
HEMATOPOIESIS 

#RENAL LYMPH NODE 
ANGIECTASIS 
HEMATOPOIESIS 

#THYMIC LYMPH NODE 
CYST, NOS 
HISTIOCYTOSIS 
HYPERPLASIA, RETICULUM CELL 
HYPERPLASIA, LYMPHOID 
HEMATOPOIESIS 

HEMATOPOIESIS 

HEMATOPOIESIS 

HYPERPLASIA, LYMPHOID 

#LUMBAR LYMPH NODE 

#MESENTERIC L. NODE 

*FEMUR 

#LIVER 

#PEYERS PATCH 

(49) 

3 (6%) 

(49) 

1 (2%) 
7 (14%) 
5 (10%) 

4 (8%)
(49) 

(46) 

(46) 

2 (4%) 

4 (9%) 

(46) 

(46) 

(46) 

1 (2%) 

1 (2%)
(46) 

(46) 

(46) 

1 (2%)
(46) 

1 (2%) 

1 (2%) 

1 (2%) 

3 (6%) 

(50) 

(50) 

(40) 

(49)
6 (12%)
14 (29%) 

1 (2%) 
(49) 

2 (4%)
4 (8%) 
10 (20%)

(49) 

(43) 

(43) 
1 (2%) 

1 (2%) 

3 (7%) 

(43) 

(43) 

(43) 

1 (2%) 

1 (2%)
(43) 

(43) 

2 (5%)
1 (2%) 

1 (2%) 

1 (2%) 
(43) 

(43) 

(50) 

(49) 

(42) 
8 (16%) 

(50)
5 (10%)
8 (16%) 

(50) 

1 (2%) 

6 (12%)
6 (12%) 

(50) 

(39) 

(39) 

1 (3%)
4 (10%) 

(39) 

(39) 

(39) 
3 (8%) 

1 (3%) 

1 (3%) 

(39) 
1 (3%)
1 (3%)

(39) 

1 (3%) 

1 (3%)
1 (3%)

(39) 

(39)
1 (3%) 

1 (3%) 

(50) 

(50) 

(44) 
5 (10%) 

(50) 
1 (2%)
13 (26%) 
1 (2%) 
2 (4%) 

1 (2%) 
1 (2%) 

4 (8%)
5 (10%)
13 (27%) 

1 (2%) 

(49) 

(49) 

(45) 

(45) 

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

4 (9%) 
1 (2%)

(45) 

(45) 

(45) 
1 (2%) 
1 (2%) 

(45) 

(45) 
1 (2%)
1 (2%) 

2 (4%)
(45) 

(45) 

1 (2%) 

(50) 

(50) 

(411 
3 (6%) 

1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

HEMATOPOIETIC SYSTEM (Continued) 
#KIDNEY 

HYPERPLASIA, LYMPHOID 
#KIDNEYMEDULLA 

HYPERPLASIA, LYMPHOID 
#ADRENAL 

HEMATOPOIESIS 
#THYMUS 


LYMPHOID DEPLETION 

HYPERPLASIA. LYMPHOID 


#THYMIC CORTEX 

NECROSIS, DIFFUSE 

LYMPHOID DEPLETION 


CIRCULATORY SYSTEM 
*SUBCUT TISSUE 

LYMPHANGIECTASIS 
#HEART 

MINERALIZATION 
INFLAMMATION, CHRONIC FOCAL 

#AURICULAR APPENDAGE 
INFLAMMATION, ACUTE FOCAL 

#RIGHT ATRIUM 
MINERALIZATION 
INFLAMMATION, ACUTE FOCAL 
FIBROSIS, MULTIFOCAL 

#LEFT ATRIUM 
INFLAMMATION, CHRONIC FOCAL 

#RIGHT VENTRICLE 
DEGENERATION, NOS 

#LEFT VENTRICLE 
THROMBUS, MURAL 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, MULTIFOCAL 

#MYOCARDIUM 
MINERALIZATION 
INFLAMMATION, ACUTEEHRONIC 
DEGENERATION, NOS 

#CARDIAC VALVE 
INFLAMMATION, ACUTE/CHRONIC 
PIGMENTATION, NOS 

#TRICUSPID VALVE 
PIGMENTATION, NOS 

#MITRAL VALVE 
PIGMENTATION, NOS 

*BLOOD VESSEL 
NECROSIS, FIBRINOID 

*ARTERY 
INFLAMMATION, CHRONIC DIFFUSE 

*AORTA 
THROMBOSIS,NOS 

*UTERINE ARTERY 
CONGENITAL MALFORMATION, NOS 

*VEIN 
THROMBOSIS,NOS 

*PULMONARY VEIN 
THROMBOSIS, NOS 

#UTERUS 
LYMPHANGIECTASIS 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

(50) (49) 

(50) 
1 (2%) 

(49) 

(50) 

(44) 
1 (2%) 

(49) 

(40) 

5 (11%) 
(44) 

1 (2%) 

(40) 
2 (5%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

DIGESTIVE SYSTEM 
#SALIVARY GLAND 

INFLAMMATION, MULTIFOCAL 
INFLAMMATION, CHRONIC FOCAL 

#LIVER 
CONGESTION, CHRONIC PASSIVE 
HEMORRHAGE 
HEMORRHAGIC CYST 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
DEGENERATION, LIPOID 
NECROSIS, FOCAL 
NECROSIS, COAGULATIVE 
CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 
CYTOLOGIC ALTERATION. NOS 
CELL-SIZE, ALTERATION 
ATROPHY. DIFFUSE 
ANGIECTASIS 

#LIVENCAUDATE LOBE 

INFARCT HEMORRHAGIC 


#LIVER/CENTRILOBULAR 

NECROSIS, FOCAL 


#LIVER/HEPATOCYTES 
NECROSIS, FOCAL 
NECROSIS, COAGULATIVE 
CYTOPLASMIC VACUOLIZATION 

*GALLBLADDER 
HEMORRHAGE 
INFLAMMATION, CHRONIC FOCAL 

#PANCREAS 
DILATATION/DUCTS
CYST, NOS 
CYSTIC DUCTS 
INFLAMMATION, MULTIFOCAL 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
NECROSIS, FOCAL 
AMYLOIDOSIS 
ATROPHY, FOCAL 

#PANCREATIC DUCT 

RETENTION OF CONTENT 

INFLAMMATION, CHRONIC 


#PANCREATIC ACINUS 

ATROPHY. FOCAL 

ATROPHY; DIFFUSE 


#PERIPANCREATIC TISSUE 

NECROSIS, FAT 


#ESOPHAGUS 

DILATATION, NOS 


#PERIESOPHAGEAL TISSUE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE/CHRONIC 

#STOMACH 
INFLAMMATION, FOCAL 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 
EROSION 
HYPERKERATOSIS 

#GASTRIC MUCOSA 

CRYSTALS. NOS 


CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

(47)
3 (6%)
10 (21%) 

(50) 

1 (2%) 

(47) 

7 (15%)
(49) 

1 (2%) 

(49) 

11 (22%) 
(50) 

(47) 

7 (15%) 

2 (4%)
(50) 

1 (2%) 
1 (2%) 

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

3 (6%) 

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

2 (4%) 
3 (6%) 

1 (2%) 

2 (4%) 

1 (2%) 

3 (6%) 
1 (2%) 

1 (2%) 
3 (6%) 

3 (6%) 

(50) 

(50) 

(50) 
1 (2%) 

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

(47) 

(49) 

(49) 

(49) 

(50) 

(46) 

1 (2%) 
(50) 

(50) 

(50) 

(50) 

(48)
2 (4%) 

(50) 

(50) 

(50) 

1 (2%) 

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

(50) 

1 (2%) 
(43) 

1 (2%) 
1 (2%) 

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

(47) 

3 (7%) 

(46) 

1 (2%) 

(48)
1 (2%) 

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

(43) 

(47)
3 (6%) 
1 (2%) 

t (2%)
(47) 

(49) 

(49) 

(46) 

1 (2%)
(46) 

(47) 

(47) 

1 (2%) 

3 (6%) 
3 (6%) 

(48) 

(48) 

(48) 

(48) 

(43) 

1 (2%)
(43) 

(49) 

(49) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%)
4 (9%) 

(43) (45) (45) (43) 

1 (2%) 

(43) (45) (45) 
1 (2%) 

1 (2%)
(43) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
WEH) DOSE DOSE DOSE 

DIGESTIVE SYSTEM (Continued) 
#GASTRIC FUNDAL GLAND (43) (45) (45) (43)

DILATATION, NOS 4 (9%) 1 (2%) 4 (9%) 
#GLANDULAR STOMACH (43) (45) (45) (43)

DILATATION, NOS 1 (2%) 
#GASTRIC SUBMUCOSA (43) (45) (45) (43) 

EDEMA, NOS 1 (2%) 
#CARDIAC STOMACH (43) (45) (45) (43) 

MINERALIZATION 1 (2%) 
INFLAMMATION, CHRONIC FOCAL 1 (2%) 
HYPERPLASIA, EPITHELIAL 1 (2%) 3 (7%) 6 (13%) 6 (14%) 
HYPERKERATOSIS 1 (2%) 5 (11%) 7 (16%) 

#GASTRIC FUNDUS (43) (45) (45) (43) 
INFLAMMATION. ACUTE FOCAL 1 (2%)
INFLAMMATION, CHRONIC FOCAL 2 (4%)
NECROSIS, FOCAL 1 (2%) 2 (5%) 
HYPERPLASIA, FOCAL 1 (2%) 
HYPERPLASIA, DIFFUSE 1 (2%) 

#PEYERS PATCH (40) (42) (44) (41) 
LYMPHOCYTIC INFLAMMATORY INFILTR 1 (2%) 
NECROSIS, COAGULATIVE 1 (2%) 

#COLON (49) (49) (50) (49) 
INFLAMMATION, CHRONIC FOCAL 1 (2%) 
PARASITISM 1 (2%) 2 (4%) 4 (8%) 
NECROSIS, FOCAL 1 (2%) 
HYPERPLASIA, DIFFUSE 1 (2%) 

#CECUM (49) (49) (50) (49)
PARASITISM 1 (2%) 
HYPERPLASIA, DIFFUSE 1 (2%) 

URINARY SYSTEM 
#KIDNEY (50) (49) (50) (50) 

LYMPHOCYTIC INFLAMMATORY INFILTR 3 (6%) 1 (2%) 1 (2%) 
GLOMERULONEPHRITIS, MEMBRANOUS 2 (4%) 
GLOMERULONEPHRITIS, SUBACUTE 2 (4%) 
GLOMERULONEPHRITIS, CHRONIC 1 (2%) 1 (2%) 
NEPHROPATHY 1 (2%) 4 (8%) 7 (14%) 2 (4%) 
NEPHROSIS, NOS 1 (2%)
GLOMERULOSCLEROSIS, NOS 1 (2%) 
INFARCT, FOCAL 1 (2%) 1 (2%) 2 (4%) 

#RENAL PAPILLA (50) (49) (50) (50) 
NECROSIS, FOCAL 1 (2%) 

#PERIRENAL TISSUE (50) (49) (50) (50) 
INFLAMMATION. ACUTE FOCAL 1 (2%)
INFLAMMATION;CHRONIC FOCAL 1 (2%) 1 (2%) 

#KIDNEYmUBULE (50) (49) (50) (50) 
CYST, NOS 1 (2%) 
NEPHROPATHY 1 (2%) 
DEGENERATION, NOS 1 (2%) 1 (2%) 
PIGMENTATION, NOS 1 (2%) 
ATROPHY, FOCAL 1 (2%) 
REGENERATION, NOS 1 (2%) 1 (2%) 

#URINARY BLADDER (40) (45) (45) (40) 
INFLAMMATION, CHRONIC FOCAL 7 (18%) 11 (24%) 15 (33%) 11 (28%) 
ANGIECTASIS 1 (3%) 

Benzene, NTP TR 289 186 


























































































 
 
 


TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

ENDOCRINE SYSTEM 
#PITUITARY 

HEMORRHAGE 
HEMORRHAGIC CYST 
HYPERPLASIA, FOCAL 

#ANTERIOR PITUITARY 
CONGESTION, NOS 
ANGIECTASIS 

#ADRENAL 
HEMORRHAGE 
ATROPHY, DIFFUSE 

#ADRENALJCAPSULE 
INFLAMMATION, ACUTE FOCAL 
HYPERPLASIA, NOS 
HYPERPLASIA, FOCAL 

#ADRENAL CORTEX 
CYST, NOS 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION. CHRONIC FOCAL 
DEGENERATION; NOS 
CYTOPLASMIC VACUOLIZATION 
FOCAL CELLULAR CHANGE 
CYTOPLASMIC MATRIX, ALTERATION 
CELL-SIZE, ALTERATION 
HYPERTROPHY, FOCAL 
HYPERPLASIA, FOCAL 

#ADRENAL MEDULLA 
CYST, NOS 
FIBROSIS, MULTIFOCAL 
HYPERPLASIA, FOCAL 

#PERIADRENAL TISSUE 
INFLAMMATION, CHRONIC FOCAL 

#THYROID 
FOREIGN BODY, NOS 
CYST, NOS 
FOLLICULAR CYST, NOS 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 
HYPERPLASIA, FOLLICULAR-CELL 

#THYROID FOLLICLE 
HYPERPLASIA. CYSTIC 

1 -

#PARATHYROID 
EMBRYONAL DUCT CYST 
LYMPHOCYTIC INFLAMMATORY INFILTR 

#PANCREATIC ISLETS 
HYPERPLASIA, FOCAL 

(46) 

9 (20%) 
(46) 

1 (2%) 
1 (2%)

(50) 

(50) 
1 (2%) 

5 (10%) 
(50) 

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

1 (2%) 

(50) 

15 (30%) 
(50) 

2 (4%) 
(49) 

1 (2%) 

7 (14%) 
(49) 

(15) 

(47) 
3 (6%) 

(39) 

5 (13%) 
(39) 

1 (3%) 
(49)

1 (2%) 

(49) 

1 (2%) 
18 (37%) 

(49) 

2 (4%) 

1 (2%) 
10 (20%) 

(49) 

3 (6%) 
(49) 

(46) 

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

2 (4%) 
(46)

2 (4%) 
(19) 

1 (5%) 
1 (5%) 

(46) 

(35) 
1 (3%) 
1 (3%)
3 (9%)

(35) 

(49) 

1 (2%) 
(49) 

30 (61%) 
(49) 

4 (8%) 

3 (6%) 

1 (2%) 

1 (2%) 
(49) 

3 (6%) 
(49) 

(47) 

1 (2%) 

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

(47) 

(24) 

(43) 

REPRODUCTIVE SYSTEM 
*MAMMARY GLAND 

INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 

(50) 

2 (4%) 

(50) 
2 (4%) 

4 (8%) 

(50) 

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

(50) 

1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL LOW MID HIGH 
(VEH) DOSE DOSE DOSE 

REPRODUCTIVE SYSTEM (Continued) 
#CLITORAL GLAND 

INFLAMMATION, MULTIFOCAL 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
HYPERPLASIA, EPITHELIAL 
HYPERKERATOSIS 
METAPLASIA, SQUAMOUS 

DILATATION, NOS 
HEMORRHAGE 
INFLAMMATION, MULTIFOCAL 

#UTERUS 

(23) 

1 (4%) 
1 (4%)
2 (9%) 
2 (9%) 
1 (4%) 

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

(21) 

1 (5%) 

6 (29%) 

6 (29%) 
1 (5%) 

(49) 

1 (2%) 

(15) 

1 (7%) 

4 (27%) 
1 (7%) 
2 (13%) 

1 (7%) 
(50) 

1 (2%) 
1 (2%) 

(9) 
1 (11%) 

2 (22%) 

1 11%) 

(50) 

PYOMETRA 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, FOCAL 
FIBROSIS, MULTIFOCAL 
DEPOSIT, NOS 
ANGIECTASIS 

#CERVIX UTERI 
CYST, NOS 
INFLAMMATION, ACUTE FOCAL 

CYST, NOS 
MULTIPLE CYSTS 
HEMORRHAGE 
INFLAMMATION, NECROTIZING 
INFLAMMATION, CHRONIC FOCAL 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, CYSTIC 
METAPLASIA, SQUAMOUS 

#UTERUS/ENDOMETRIUM 

#OVARYPAROVARIAN 

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

1 (2%) 

(50) 

1 (2%) 
(50) 

2 (4%) 
1 (2%) 

3 (6%) 
39 (78%) 

2 (4%) 
(48) 

1 (2%) 

1 (2%) 

2 (4%) 
2 (4%) 

1 (2%) 

1 (2%) 
(49) 

(49) 

1 (2%) 

35 (71%) 

(49) 

1 (2%) 

(50) 

(50) 
1 (2%) 

2 (4%) 
41 (82%) 

(49) 

1 (2%) 

1 (2%) 
3 (6%) 

2 (4%) 
(50) 

1 (2%) 

1 (2%) 

(50) 

1 (2%) 
1 (2%) 

29 (58%) 

(49) 
INFLAMMATION, CHRONIC FOCAL 

MINERALIZATION 
CYST, NOS 
MULTIPLE CYSTS 
PAROVARIAN CYST 
HEMORRHAGE 
HEMORRHAGIC CYST 
ABSCESS, NOS 
NECROSIS, FOCAL 
ATROPHY, SENILE 
HYPERPLASIA, EPITHELIAL 
ANGIECTASIS 

#OVARY/FOLLICLE 
MULTIPLE CYSTS 

#OVARY (48) 

8 (17%) 

2 (4%) 
1 (2%) 
7 (15%) 

15 (31%) 
12 (25%) 

(48) 

(49) 
1 (2%) 

1 (2%)
8 (16%) 
7 (14%) 

1 (2%) 
2 (4%) 

35 (71%) 
39 (80%) 

(49) 

(49) 
1 (2%) 
8 (16%) 
6 (12%) 
1 (2%) 
1 (2%) 
2 (4%) 

1 (2%) 
32 (65%) 
31 (63%) 
3 (6%) 

(49) 

(49) 
1 (2%)
5 (10%) 
3 (6%) 
2 (4%) 
1 (2%) 
2 (4%) 
1 (2%) 

22 (45%) 
29 (59%) 
4 (8%) 

1 (2%) 
(49) 

NERVOUS SYSTEM 
#LATERAL VENTRICLE 

#CEREBRUM 
DILATATION, NOS 

HEMORRHAGE 

(49) 

(49) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 

(49) 

(49) 
1 (2%) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

CONTROL 
(VEH) 

LOW 
DOSE 

MID 
DOSE 

HIGH 
DOSE 

NERVOUS SYSMTEM (Continued) 
#BRAIN 

HYDROCEPHALUS, NOS 
CONGESTION, NOS 
HEMORRHAGE 
ATROPHY, PRESSURE 

COMPRESSION 
MINERALIZATION 

#BRAIN/THALAMUS 

(49) 

1 (2%) 
1 (2%) 

18 (37%) 

(49) 

(50) 

13 (26%) 

(50) 

(50) 

1 (2%) 

25 (50%) 

(50) 

(49) 
1 (2%) 

1 (2%) 
14 (29%) 

(49) 

SPECIAL SENSE ORGANS 
*EYE/CORNEA

ULCER, NOS 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC DIFFUSE 
PIGMENTATION,NOS 

*EYE/CRYSTALLINE LENS 
DISPLACEMENT, NOS 

#HARDERIAN GLAND 
INFLAMMATION, FOCAL 
INFLAMMATION, MULTIFOCAL 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTEKHRONIC 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS, DIFFUSE 
PIGMENTATION, NOS 
ATROPHY, FOCAL 
ATROPHY, DIFFUSE 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 

DILATATION, NOS 
DILATATION/DUCTS
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 
HYPERPLASIA, DIFFUSE 
HYPERKERATOSIS 
METAPLASIA, SQUAMOUS 
PARAKERATOSIS 

SPECIAL SENSE ORGANS (Continued) 

#ZYMBAL GLAND 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 
(50) 

(49) 

1 (2%) 

16 (33%) 

1 (2%) 
1 (2%) 

5 (10%) 
1 (2%) 

(43) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(49) 

1 (2%) 
15 (31%) 

1 (2%) 
10 (20%) 

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

(33) 

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

(50) 

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

11 (22%) 

11 (22%) 

(37) 

2 (5%) 

2 (5%) 
1 (3%) 
1 (3%) 

(50)  

(50) 

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

7 (15%) 
1 (2%) 

9 (19%) 
1 (2%) 

(31) 

6 (19%) 
1 (3%) 

MUSCULOSKELETAL SYSTEM 
*FEMUR 

*ABDOMINAL MUSCLE 
FIBROUS OSTEODYSTROPHY 

INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
FIBROSIS 

*MUSCLE OF LEG 
HEMORRHAGE 
INFLAMMATION, ACUTE/CHRONIC 

(50) 

(50) 
32 (64%) 

1 (2%)
(50) 

(50) 

(50) 
33 (66%) 

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

(50) 

(50) 
38 (76%) 

1 (2%) 

(50) 

(50) 

(50) 
25 (50%) 

1 (2%) 
1 (2%) 

(50) 
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TABLE D 2  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF BENZENE (Continued) 

BODY CAVITIES 
*MEDIASTINUM 

FOREIGN BODY, NOS 
HEMORRHAGE 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE DIFFUSE 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
FOREIGN MATERIAL, NOS 

*ABDOMINAL CAVITY 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION GRANULOMATOUS FOCAL 
NECROSIS, FAT 
FOREIGN MATERIAL, NOS 

*PLEURA 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, CHRONIC FOCAL 

*EPICARDIUM 

INFLAMMATION, ACUTE DIFFUSE 

INFLAMMATION, ACUTEEHRONIC 


*MESENTERY 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION ACTIVE CHRONIC 
INFLAMMATION, CHRONIC FOCAL 

ALL OTHER SYSTEMS 
*MULTIPLE ORGANS 

MINERALIZATION 
LYMPHOCYTIC INFLAMMATORY INFILTR 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
AMYLOIDOSIS 
HYPERPLASIA, EPITHELIAL 
HYPERPLASIA, FOCAL 

PERIORBITAL REGION 

INFLAMMATION, ACUTEKHRONIC 


ADIPOSE TISSUE 

INFLAMMATION,CHRONIC FOCAL 

CYTOPLASMIC VACUOLIZATION 


SPECIAL MORPHOLOGY SUMMARY 
AUTOMECROPSYIHISTO PERF 

CONTROL 
(VEH) 

(50)

2 (4%) 
3 (6%) 

1 (2%) 

1 (2%) 
3 (6%)

(50) 

1 (2%) 

1 (2%)
(50) 


1 (2%) 

1 (2%)
(50)


1 (2%) 
1 (2%)

(50) 


1 (2%) 

1 (2%)
14 (28%) 

LOW 

DOSE 


(50) 


1 (2%) 

(50) 


1 (2%) 
1 (2%) 

(50) 

(50) 


(50) 


1 (2%) 

1 

1 

MID 

DOSE 


(50) 


(50) 


1 (2%) 
(50) 

1 (2%)
(50) 

1 (2%) 

1 (2%) 

4 (8%) 

1 (2%) 
2 (4%) 

1 

HIGH 

DOSE 


2 (4%) 

(50) 

1 (2%) 

(50) 


1 (2%)
1 (2%) 

(50) 


(50)  

(50)

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

3 (6%)
1 (2%) 

1 (2%) 

1 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
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APPENDIX E 

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE 


IN THE TWO-YEAR GAVAGE STUDIES OF BENZENE 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 

Skin: Squamous Cell Papilloma 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Skin: Squamous Cell Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Skin:All Squamous Cell Tumors 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d)

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Skin: Squamous Cell Tumors or Unc 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test ( d ) 

Fisher Exact Tests 


Skin: Sebaceous Adenoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental TumorTesta (d)

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Skin: Trichoepithelioma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d)

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Subcutaneous Tissue: Fibroma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d)

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d)

Fisher Exact Tests 


OF BENZENE 

Vehicle Control 50 mg/kg 

0/50 (0%) 2/50 (4%) 
0.0% 6.9% 
0132(0%) 2129 (7%) 
P=O.OOl P=0.216 
P=0.002 P=0.216 
P=0.014 

P=0.247 


0/50(0%) 5/50(10%)
0.0% 15.3% 
0132(0%) 3/29 (10%) 
P<0,001 P=0.032 
P=0.069 P=0.064 
P=0.007 

P=0.028 

1150(2%) 7/50(14%)
2.7% 21.8% 
0/32(0%) 5/29 (17%) 
P<0.001 P =0.031 
P=0.017 P=0.055 
P=0.004 

P=0.030 

fferentiated Carr--ioma 
1150 (2%) 7/50 (14%) 
2.7% 21.8% 
0132(0%) 5129 (17%) 
Pc0.001 P=0.031 
P=O.OlO P=0.055 
P=0.002 

P=0.030 

Of50 (0%) 3/50 (6%) 
0.0% 9.4% 
0132(0%) 2/29 (7%) 
P=0.617N P=0.114 
P=0.505N P=0.166 
P=0.409N 

P=0.121 


0150 (0%) 3/50 (6%) 
0.0% 10.3% 
0132(0%) 3/29 (10%) 
P=0.426 P=0.103 
P=0.531 P=0.103 
P=0.591 

P=O.121 


4150(8%) 2/50 (4%) 
12.5% 6.1% 
4132(13%) 1/29(3%)
P=0.184 P=0.371 N 
P=0.221 P=0.295N 
P=0.481 

P=0.339N 


100mg/kg 

1/50 (2%) 

4.0% 

1/25 (4%) 

P=0.451 

P=0.451 

P-0.500 


3/50(6%)

9.8% 

Of25 (0%) 
P=0.098 
P=0.278 

P=0.121 


5/50 (10%) 

17.0% 

2/25(8%)

P=0.076 

P=0.221 


P=0.102 


5/50(10%)
17.0% 
2/25(8%)
P=0.076 
P=0.221 

P=0.102 


2/50(4%)
8.0% 
2/25(8%)
P=0.185 
P=0.185 

P=0.247 

1/50(2%)

4.0% 

1/25(4%)

P=0.451 

P=0.451 


P=0.500 

3/50 (6%) 
12.0% 
3/25(12%)
P=0.636N 
P=0.636N 

P=0.500N 


200mg/kg 

5/50(10%)
27.1% 
4/16 (25%) 
P=0.005 
P=0.009 

P=0.028 

8/50(16%)
30.3% 
2/16 (13%) 
P= 0.001 
P=0.039 

P=0.003 

11/50 (22%) 

45.2% 

5/16 (31%) 

Pc0.001 

P=0.012 


P=0.002 

12/50 (24%) 

47.7% 

5/16 (31%) 

P<0.001 

P=0.009 


P<0.001 


0150(0%)

0.0% 

0/16(0%) 

(e) 
(e) 

(e) 

1/50 (2%) 

2.3% 

0116 (0%)
P-0.530 
P=0.785 

P=0.500 


4/50(8%)
20.5% 
3/16 (19%) 
P=0.312 
P=0.280 

P=0.643 
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TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 50 mg/kg 100 mg/kg 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 1/50 (2%) 1/50 (2%) 1/50 (2%) 
Adjusted Rates (b) 2.4% 2.9% 4.0% 
Terminal Rates (c) 0132 (0%) 0/29 (0%) 1/25(4%)
Life Table Tests (d) P=0.102 P=0.749N P =0.752 
Incidental Tumor Tests (d) P=0.284 P =  0.616N P =0.718N 
Cochran-Armitage Trend Test (d) P =0.163 
Fisher Exact Tests P =0.753 P=0.753 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 3/50 (6%) 4/50 (8%) 
Adjusted Rates (b) 14.6% 8.1% 16.0% 
Terminal Rates (c) 4/32 (13%) 1/29(3%) 4/25 (16%)
Life Table Tests (d) P =0.048 P =0.382N P=0.626N 
Incidental Tumor Tests (d) P=0.125 P= 0.241 N P=0.592N 
Cochran-Armitage Trend Test (d) P=0.219 
Fisher Exact Tests P =0.357N P =0.500N 

Integumentary System: Fibrosarcoma 
Overall Rates (a) 1/50 (2%) 1/50 (2%) 2/50 (4%) 
Adjusted Rates (b) 2.4% 2.9% 8.0% 
Terminal Rates (c) 0/32 (0%) 0/29 (0%) 2/25 (8%)
Life Table Tests (d) P =0.089 P=0.749N P=0.461 
Incidental Tumor Tests (d) P=0.243 P=0.616N P =0.521 
Cochran-Armitage Trend Test (d) P=O.165 
Fisher Exact Tests P=0.753 P=0.500 

Integumentary System: Fibroma or Fibrosarcoma 
Overall Rates (a) 5/50 (10%) 3/50 (6%) 5/50 (10%)
Adjusted Rates (b) 14.6% 8.7% 20.0% 
Terminal Rates (c) 4/32 (13%) 1/29 (3%) 5/25 (20%) 
Life Table Tests (d) P =0.041 P =0.382N P=0.496 
Incidental Tumor Tests (d) P=O.109 P=0.241N P=0.531 
Cochran-Armitage Trend Test (d) P=0.213 
Fisher Exact Tests P=0.357N P=0.630 

Subcutaneous Tissue: Fibroma, Neurofibroma, Fibrosarcoma, or Neurofibroma 
Overall Rates (a) 6/50(12%) 4/50 (8%) 4/50 (8%)
Adjusted Rates (b) 17.7% 12.0% 16.0% 
Terminal Rates (c) 5/32 (16%) 2/29 (7%) 4/25 (16%) 
Life Table Tests (d) P =0.096 P=0.405N P=0.504N 
Incidental Tumor Tests (d) P=0.212 P=0.274N P=0.469N 
Cochran-Armitage Trend Test (d) P =0.363 
Fisher Exact Tests P=0.370N P=0.370N 

Integumentary System: Fibroma, Neurofibroma, Fibrosarcoma, or Neurofibroma 
Overall Rates (a) 6/50 (12%) 4/50 (8%) 5/50 (10%) 
Adjusted Rates (b) 17.7% 12.0% 20.0% 
Terminal Rates (c) 5/32 (16%) 2/29 (7%) 5/25 (20%) 
Life Table Tests (d) P =0.084 P =0.405N P=0.610 
Incidental Tumor Tests (d) P=0.188 P=0.274N P= 0.616N 
Cochran-Armitage Trend Test (d) P=0.351 
Fisher Exact Tests P =0.370N P=0.500N 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 7/50 (14%) 2/50 (4%) 4/50 (8%)
Adjusted Rates (b) 17.5% 6.5% 15.3% 
Terminal Rates (c) 2/32 (6%) 1/29 (3%) 3/25 (12%) 
Life Table Tests (d) P=0.239 P=O.lOON P=0.379N 
Incidental Tumor Tests (d) P =0.453N P =0.045N P=0.322N 
Cochran-Armitage Trend Test (d) P=0.516 
Fisher Exact Tests P=0.080N P=0.262N 

200 mg/kg 

3/50 (6%) 
11.1% 
1/16 (6%)
P=0.272 
P=0.446 

P =0.309 

7/50 (14%) 
30.4% 
4/16 (25%) 
P=0.139 
P=0.181 

P=0.380 

3/50 (6%) 

11.1% 

1/16 (6%) 

P =0.272 

P =0.446 


P =0.309 


7/50 (14%) 

30.4% 

4/16 (25%) 

P=0.139 

P=O.181 


P=0.380 


7/50 (14%) 

30.4% 

4/16 (25%) 

P =0.198 

P =0.253 


P =0.500 


7/50 (14%) 

30.4% 

4/16 (25%) 

P =0.198 

P =0.253 


P=0.500 


6/50 (12%) 

23.6% 

1/16 (6%)
P =0.472 
P =0.178N 

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

Palate: Squamous  Cell Papilloma 
Overall Rates (a) 0150(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/32(0%)
Life Table Testa (d) P<O.OOl 
Incidental Tumor Tests (d) P=0.005 
Cochran-Armitage Trend Test (d) P=0.002 
Fisher Exact Tests 

Palate: Sauamous  Cell Paoilloma or Carcinoma 
Overali b tes  (a) 0/50(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/32(0%)
Life Table Tests (d) P<0.001 
Incidental Tumor Tests (d) P=0.005 
Cochran-Armitage Trend Test (d) P=0.002 
Fisher Exact Testa 

Lip: Squamous  Cell Papilloma 
Overall Rates (a) 0/50(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0132(0%)
Life Table Testa (d) P=O.OOl 
Incidental Tumor Tests (d) P=0.004 
Cochran-Armitage Trend Test (d) P=0.022 
Fisher Exact Testa 

Lip: Squamous  Cell Carcinoma 
Overall Rates (a) 0/50(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0/32(0%)
Life Table Testa (d) P=0.002 
Incidental Tumor Testa (d) P=0.008 
Cochran-Armitage Trend Test (d) P=0.012 
Fisher Exact Testa 

Lip: Squamous  Cell Papilloma or Carcinoma 
Overall Rates (a) 0150(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0132(0%)
Life Table Tests (d) P<O.OOl 
Incidental Tumor Testa (d) P40.001 
Cochran-Armitage Trend Test (d) P=O.OOl 
Fisher Exact Testa 

Tongue: Squamous  Cell Carcinoma 
Overall Rates (a)  0150(0%)
Adjusted Rates (b) 0.0% 
Terminal Rates ( c )  0132(0%)
Life Table Testa (d) P=0.039 
Incidental Tumor Tests (d) P=0.049 
Cochran-Armitage Trend Test (d) P=0.078 
Fisher Exact Tests 

Tongue: Squamous  Cell Papilloma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.3% 
Terminal Rates (c) 0132(0%)
Life Table Testa (d) P=0.013 
Incidental Tumor Testa (d) P= 0.012 
Cochran-Armitage Trend Test (d) P=0.039 
Fisher Exact Testa 

4/50(8%)
11.4% 
2/29 (7%) 
P=0.064 
P=0.098 

P=0.059 

4/50(8%)
11.4% 
2/29 (7%) 
P=0.064 
P=0.098 

P=0.059 

2/50 (4%) 
6.9% 
2/29 (7%) 
P=0.216 
P=0.216 

P=0.247 


0150(0%)

0.0% 

0129(0%) 

(e) 
(e) 

(e) 

2/50 (4%) 

6.9% 

2/29 (7%) 

P=0.216 

P=0.216 


P=0.247 

3/50 (6%) 

7.4% 

0129(0%)

P=0.133 

P=0.133 


P=0.121 


3/50 (6%) 

7.4% 

0129(0%)

P=0.328 

P=0.355 


P=0.309 


4/50(8%)

11.7% 

1/25 (4%) 

P=0.057 

P=0.142 


P=0.059 

5/50 (10%) 
13.6% 
1/25 (4%) 
P=0.034 
P=0.097 

P=0.028 


5/50 (10%) 

20.0% 

5/25 (20%) 

P= 0.015 

P= 0.015 


P=0.028 

0/50(0%)

0.0% 

0125(0%) 

(e) 
(e) 

(e) 

5/50 (10%) 

20.0% 

5/25 (20%) 

P=0.015 

P=0.015 


P=0.028 


4/50(8%)
12.8% 
2/25(8%)
P= 0.051 
P=0.099 

P=0.059 


6/50 (12%) 
20.4% 
4/25 (16%) 
P=0.044 
P=0.091 

P=0.056 


9/50 (18%) 

37.8% 

4/16 (25%) 

PCO.001 

P=0.006 


P =0.001 


9/50 (18%) 

37.8% 

4/16 (25%) 

P<O.OOl 

P=0.006 


P=O.OOl 


5/50 (10%) 
23.9% 
3/16 (19%) 
P=0.008 
P=0.027 

P=0.028 


3/50 (6%) 

17.4% 

2/16 (13%) 

P=0.035 

P=O.O91 


P=0.121 

8/50 (16%) 
39.2% 
5/16(31%)
PCO.001 
P=0.002 

P=0.003 

4/50(8%)

17.2% 

2/16(13%)

P=0.028 

P=0.012 


P=0.059 

6/50 (12%) 
24.7% 
3/16(19%)
P=0.028 
P=0.009 

P=0.056 
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TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

~ 

Vehicle Control 50 m*e; 100 mg/kg 200 mg/kg 

Oral Cavity: Squamous  Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (dj 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

1/50 (2%)
2.3% 
Of32 (0%)
P <  0.001 
P<O.OOl 
P <  0.001 

6/50 (12%) 
18.0% 
4/29 (14%) 
P=0.058 
P=0.083 

P =0.056 

11/50 (22%) 
37.4% 
8/25 (32%) 
P=O.OOl 
P=0.004 

P=0.002 

13/50 (26%) 
47.7% 
5/16 (31%) 
P <0.001 
P =0.002 

P<0.001 

Oral Cavity: SquamousCell Carcinoma 
Overall Rates (a) 0150 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0132 (0%) 
Life Table Tests (d) P=O.OOl 
Incidental Tumor Tests (d) P=O.O02 
Cochran-Armitage Trend Test (d) P =0.006 
Fisher Exact Tests 

3/50 (6%) 
7.4% 
0129 (0%) 
P =0.133 
P=0.133 

P=0.121 

5/50 (10%) 
14.7% 
2/25 (8%) 
P=0.030 
P=0.071 

P=0.028 

7/50 (14%) 
33.0% 
4/16 (25%) 
P=O.OOl 
P=O.OOl 

P =0.006 

Oral Cavity: Squamous Cell Papilloma o r  Carcinoma 
Overall Rates (a) 1/50(2%) 
Adjusted Rates (b) 2.3% 
Terminal Rates (c) 0132 (0%)
Life Table Tests (d) P <0.001 
Incidental Tumor Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) P<O.OOl 
Fisher Exact Tests 

9/50 (18%)
24.1% 
4/29(14%)
P =0.012 
P =0.014 

P=0.008 

16/50 (32%) 
48.8% 
10125 (40%) 
P<O.OOl 
P<O.OOl 

P<O.OOI 

19/50 (38%) 
68.6% 
9/16 (56%) 
P<0.001 
P <0.001 

P<O.OOl 

Liver: Neoplastic Nodule 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

2/50 (4%) 
6.0% 
1/32 (3%) 
P =0.503 
P=0.524N 
P =0.436N 

2/48 (4%) 
6.9% 
2/29 (7%) 
P =0.662 
P=0.641N 

P =0.676 

4/49 (8%) 
14.7% 
3/24 (13%) 
P=0.235 
P=0.364 

P=0.329 

1/49 (2%) 
6.3% 
1/16 (6%) 
P=0.725N 
P=0.511N 

P=0.508N 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 6.0% 
Terminal Rates (c) 1/32 (3%) 
Life Table Tests (d) P =0.445 
Incidental Tumor Tests (d) P=0.579N 
Cochran-Armitage Trend Test (d) P =0.46 1N 
Fisher Exact Tests 

2/48 (4%) 
6.996 
2/29 (7%) 
P =0.662 
P=0.641N 

P =0.676 

5/49 (10%) 
18.8% 
4/24 (17%) 
P=0.131 
P=0.217 

P=O.210 

1/49 (2%)
6.3% 
1/16 (6%) 
P =0.725N 
P=0.51 1N 

P =0.508N 

Pancreas: Acinar Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

5/49 (10%) 
15.6% 
5/32 (16%) 
P=0.120N 
P=0.120N 
P =0.036N 

1/44(2%) 
3.4% 
1/29 (3%) 
P =0.124N 
P=0.124N 

P=O.l28N 

3/47 (6%) 
12.5% 
3/24 (13%) 
P=0.522N 
P =0.522N 

P=0.381N 

0149 (0%1 
0.0% 
0116 (0%)
P=0.124N 
P =0.124N 

P=0.028N 

Pituitary: Adenoma 
Overall Rates (a) 

Terminal Rates ( c )  
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Adjusted Rates (b) 
14/47 (30%) 

11/32 (34%) 
P =0.362N 
P =0.026N 
P =  0.051N 

39.3% 
11/45 (24%) 
34.1% 
8/28 (29%)
P =0.417N 
P =0.323N 

P=0.367N 

11/46 (24%) 
35.6% 
6/24 (25%) 
P =  0.553N 
P=0.229N 

P=0.343N 

7/48 (15%) 
24.9% 
1/16 (6%) 
P=0.340N 
P =0.036N 

P =0.061 N 
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TABLE El. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 

Pituitary: Carcinoma 
Overall Rates (a) 4/47 (9%) 
Adjusted Rates (b) 115% 
Terminal Rates (c) 2/32 (6%) 
Life Table Tests (d) P =0.037N 
Incidental Tumor Tests (d) P=0.007N 
Cochran-Armitage Trend Test (d) P=0.020N 
Fisher Exact Testa 

Pituitary: Adenoma or Carcinoma 
Overall Rates (a) 18/47 (38%) 
Adjusted Rates (b) 48.1% 
Terminal Rates (c) 13/32 (41%) 
Life Table Tests (d) P=0.154N 
Incidental Tumor Tests (d) P =0.002N 
Cochran-Armitage Trend Test (d) P =0.008N 
Fisher Exact Tests 

Adrenal: Pheochromocytoma 
Overall Rates (a) 11/50 (22%) 
Adjusted Rates (b) 32.2% 
Terminal Rates (c) 9/32 (28%) 
Life Table Tests (d) P =0.156N 
Incidental Tumor Tests (d) P=0.015N 
Cochran-Armitage Trend Test (d) P=0.018N 
Fisher Exact Tests 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 2.9% 
Terminal Rates (c) 0132 (0%) 
Life Table Tests (d) P=0.040 
Incidental Tumor Tests (d) P =0.160 
Cochran-Armitage Trend Test (d) P=O.O99 
Fisher Exact Tests 

Thyroid: C-cell  Adenoma 
Overall Rates (a) 7/49 (14%) 
Adjusted Rates (b) 21.9% 
Terminal Rates (c) 7/32 (22%) 
Life Table Tests (d) P=0.164N 
Incidental Tumor Tests (d) P=0.090N 
Cochran-Armitage Trend Test (d) P =0.042N 
Fisher Exact Tests 

Thyroid: C-cell  Carcinoma 
Overall Rates (a)  2/49 (4%) 
Adjusted Rates (b) 5.5% 
Terminal Rates (c) 1/32 (3%) 
Life Table Tests (d) P=0.381N 
Incidental Tumor Tests (d) P=0.219N 
Cochran-Armitage Trend Test (d) P =0.253N 
Fisher Exact Tests 

Thyroid: C-cell  Adenoma or Carcinoma 
Overall Rates (a) 9/49 (18%) 
Adjusted Rates (b) 26.9% 
Terminal Rates (c) 8/32 (25%) 
Life Table Tests (d) P=0.122N 
Incidental Tumor Tests (d) P =0.039N 
Cochran-Armitage Trend Test (d) P=0.022N 
Fisher Exact Tests 

50 mg/kg 

0145 (0%) 
0.0% 
0128 (0%)
P =0.074N 
P =0.044N 

P =0.064N 

11/45 (24%) 
34.1% 
8/28(29%)
P=0.152N 
P=0.071N 

P=0.114N 

11/49 (22%) 
32.2% 
7/29 (24%) 
P=0.530 
P =  0.451N 

P =0.574 

0147 (0%) 
0.0% 
0129 (0%) 
P =0.489N 
P =0.331N 

P =0.510N 

4147 (9%) 
13.8% 
4/29 (14%) 
P=0.315N 
P=0.315N 

P=0.287N 

1/47(2%) 
2.8% 
0129 (0%) 
P =0.499N 
P =0.392N 

P =0.516N 

5/47(11%)
16.2% 
4/29 (14%) 
P =0.236N 
P=0.196N 

P =  0.217N 

100mg/kg 

0146 (0%)
0.0% 
0124 (0%) 
P =0.098N 
P =0.028N 

P =0.061N 

11/46 (24%) 
35.6% 
6/24 (25%) 
P =0.266N 
P=0.038N 

P=O.lOlN 

5/48 (10%) 
16.3% 
3/25 (12%) 
P =  0.184N 
P =0.085N 

P =0.100N 

2/46 (4%) 
8.3% 
2/24 (8%)
P=0.408 
P=0.511 

P=0.476 

1/46 (2%) 
3.7% 
0124 (0%)
P=0.072N 
P=0.051N 

P=0.036N 

3/46 (7%) 
11.6% 
2/24 (8%) 
P=0.410 
P =0.533 

P=0.470 

4/46 (9%) 
14.9% 
2/24 (8%)
P =0.238N 
P=0.141N 

P =0.142N 

200 mg/kg 

0148 (0%)
0.0% 
0116 (0%)
P=0.141N 
P =0.018N 

P=0.056N 

7/48 (15%) 
24.9% 
1/16 (6%) 
P =0.142N 
P=0.002N 

P =O.OO8N 

4/49 (8%)
19.2% 
2/16 (13%) 
P=0.326N 
P =0.060N 

P =0.049N 

3/47 (6%) 
12.4% 
1/16 (6%) 
P=O.199 
P=0.611 

P =0.293 

2/47 (4%) 
10.7% 
1/16 (6%) 
P =  0.339N 
P=0.227N 

P =0.090N 

0147 (0%) 
0.0% 
0116 (0%) 
P=0.290N 
P =0.351N 

P=0.258N 

2/47 (4%) 
10.7% 
1/16 (6%) 
P=0.165N 
P =  0.1 14N 

P =0.030N 
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TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 50 mg/kg 100mg/kg 200 mg/kg 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 34/50 (68%) 37/48 (77%) 34/50 (68%) 32/48 (67%) 
Adjusted Rates (b) 91.9% 92.4% 94.2% 100.0% 
Terminal Rates (c) 29/32 (91%) 26/29 (90%) 23/25 (92%) 16/16 (100%) 
Life Table Tests (d) P =0.002 P=0.170 P=0.092 P=O.O02 
Incidental Tumor Testa (d) P =0.555N P=0.370 P =0.550 P=0.406 
Cochran-Armitage Trend Test (d) P =0.350N 
Fisher Exact Tests P =0.218 P =0.585N P =0.530N 

Zymbal Gland: Carcinoma 
Overall Rates (a) 2/32 (6%) 6/46 (13%) 10142 624%) 17/42 (40%) 
Adjusted Rates (b) 7.2% 15.4% 28&% 55.6% 
Terminal Rates (c) 1/22 (5%) 2/28 (7%) 2/21 (10%) 5/15 (33%) 
Life Table Tests (d) P <0.001 P =0.193 P =0.017 P<O.OOl 
Incidental Tumor Tests (d) P =0.003 P=0.352 P=0.214 P=0.024 
Cochran-Armitage Trend Test (d) P <0.001 
Fisher Exact Tests P=0.282 P =0.040 P <0.001 

ZymbalGland: Adenoma or Carcinoma 
Overall Rates (a) 2/32 (6%) 7/46 (15%) 10142 (24%) 18/42 (43%) 
Adjusted Rates (b) 7.2% 18.7% 28.8% 57.0% 
Terminal Rates (c) 1/22(5%) 3/28 (11%) 2/21 (10%) 5/15 (33%) 
Life Table Tests (d) P<O.OOl P=0.131 P =0.017 P<O.OOl 
Incidental Tumor Tests (d) P =0.002 P=0.247 P =0.214 P=O.O19 
Cochran-Armitage Trend Test (d) P <0.001 
Fisher Exact Tests P=0.197 P =0.040 P<0.001 

Tunica Vaginalie: Mesothelioma 
Overall Rates (a) 3/50 (6%) 1/50(2%) 2/50 (4%) 1/50 (2%) 
Adjusted Rates (b) 8.7% 3.4% 6.5% 6.3% 
Terminal Rates (c) 2/32 (6%) 1/29 (3%) 1/25 (4%) 1/16 (6%) 
Life Table Tests (d) P =0.425N P=0.331N P=0.567N P=0.483N 
Incidental Tumor Tests (d) P=0.263N P=0.333N P=0.407N P=0.364N 
Cochran-Armitage Trend Test (d) P=0.279N 
Fisher Exact Tests P =0.309N P=0.500N P =0.309N 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence at terminal kill 
(d)Beneath the vehicle control incidence are the Pvalues associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill asbeing (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e)No Pvalue is reported because no tumors were observed in the dosed and vehicle control groups. 
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TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  BENZENE 

Vehicle Control 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 12.8% 
Terminal Rates (c) 5/46 (11%) 
Life Table Tests (d) P =0.035 
Incidental Tumor Tests (d) P=0.243 
Cochran-Armitage Trend Test (d) P =0.245 
Fisher Exact Tests 

Palate: Squamous  Cell Papilloma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.2% 
Terminal Rates (c) 1/46 (2%) 
Life Table Tests (d) P=0.103 
Incidental Tumor Tests (d) P =0.183 
Cochran-Armitage Trend Test (d) P =0.273 
Fisher Exact Tests 

Palate: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a)  1/50 (2%) 
Adjusted Rates (b) 2.2% 
Terminal Rates (c) 1/46 (2%) 
Life Table Tests (d) P =0.060 
Incidental Tumor Tests (d) P=0.219 
Cochran-Armitage Trend Test (d) P =0.200 
Fisher Exact Tests 

Tongue: Squamous Cell Carcinoma 
Overall Rates (a)  0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0146 (0%) 
Life Table Tests (d) P=0.004 
Incidental Tumor Tests (d) P=0.167 
Cochran-Armitage Trend Test (d) P =0.01 4 
Fisher Exact Tests 

Tongue: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 0/50 (0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0146 (0%) 
Life Table Tests (d) P=O.OlO 
Incidental Tumor Tests (d) P=0.274 
Cochran-Armitage Trend Test (d) P=0.031 
Fisher Exact Tests 

Oral Cavity: Squamous Cell Papilloma 
Overall Rates (a)  1/50 (2%) 
Adjusted Rates (b) 2.2% 
Terminal Rates (c) 1/46 (2%) 
Life Table Tests (d) P=0.017 
Incidental Tumor Tests (d) P =0.047 
Cochran-Armitage Trend Test (d) P =0.105 
Fisher Exact Tests 

Ora l  Cavity: Squamous Cell Carcinoma 
Overall Rates (a) 0/50(0%) 

Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0146 (0%)
Life Table Tests (d) P =0.003 
Incidental Tumor Tests (d) P=0.201 
Cochran-Armitage Trend Test (d) P=O.Oll 
Fisher Exact Tests 

25 mg/kg 

7/50 (14%) 
16.7% 
4/38 (11%) 
P =0.373 
P=0.572 

P =0.500 

3/50 (6%) 
7.9% 
3/38 (8%) 
P=0.240 
P=0.240 

P =0.309 

4/50 (8%)
10.2% 
3/38 (8%)
P=0.131 
P =0.153 

P=0.181 

Oh0 (0%) 
0.0% 
0138 (0%) 
(e)
(e) 

(e) 

1/50 (2%) 
2.6% 
1/38 (3%) 
P=0.462 
P=0.462 

P=0.500 

4/50 (8%) 
10.5% 
4/38 (1  1%) 
P =  0.127 
P =  0.127 

P=O.181 

1/50 (2%) 
2.5% 
0138 (0%)
P =0.468 
P =0.557 

P =0.500 

50 mg/kg 

6150 (12%) 
17.1% 
5/34 (15%) 
P=0.404 
P=0.521 

P=0.620N 

5150 (10%) 
13.9% 
4/34 (12%) 
P =0.053 
P=O.101 

P =0.102 

5/50(10%)
13.9% 
4/34(12%)
P =0.053 
P=O.101 

P =  0.102 

4/50 (8%) 
9.6% 
0/34 (0%)
P =0.047 
P =0.240 

P =0.059 

5/50 (10%) 
11.6% 
0134 (0%) 
P =0.025 
P=0.240 

P=0.028 


8/50 (16%)
21.4% 
6/34 (18%) 
P =0.006 
P=0.022 

P=0.015 

4/50 (8%)
9.6% 
0134 (0%)
P =0.047 
P =0.240 

P =0.059 

100 mg/kg 


9/50 (18%) 

31.2% 

6/25 (24%) 

P =0.040 

P =0.198 


P =0.288 


3/50 (6%) 

8.6% 

1/25 (4%) 

P =0.183 
P =0.620 

P =0.309 

4/50 (8%)
11.4% 
1/25 (4%) 
P =0.088 
P =0.509 

P=0.181 

4/50 (8%) 
12.7% 
1/25 (4%) 
P =0.024 
P=0.233 

P =0.059 

4/50 (8%)
12.7% 
1/25 (4%) 
P =0.024 
P=0.233 

P =0.059 

5/50 (10%)
16.2% 
3/25 (12%) 
P=0.032 
P=0.121 

P =0.102 

5/50 (10%) 
15.4% 
1/25 (4%) 
P=O.OlO 
P =0.184 

P =0.028 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  BENZENE (Continued) 

Oral Cavity: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c)

Life Table Tests (d) 

Incidental Tumor Tests (d)

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Liver: Neoplastic Nodule 
&era11 Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

1/50 (2%) 
2.2% 
1/46 (2%) 
P <0.001 
P=0.039 
P =0.010 

0/50 (0%)
0.0% 
0146 (0%) 
P =0.534N 
P =0.534N 
P=0.365N 

22/47 (47%) 
48.7% 
20143 (47%) 
P=O.lOlN 
P =0.002N 
P =  0.002N 

Thyro id  Follicular Cell Adenoma or Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Thyroid: C-cell  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
IncidentalTumor Tests(d)
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Thyroid: C-cell  Carcinoma 
Overall Rates (a)  
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (df 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Thyroid: C-cell  Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c)
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

2/50 (4%) 
4.3% 
2/46 (4%) 
P =0.371 N 
P =  0.371N 
P =0.167N 

1/50 (2%) 
2.2% 
1/46(2%)
P =0.445 
P=0.445 
P=0.466N 

3/50 (6%) 
6.5% 
3/46 (7%) 
P =0.568N 
P =0.376N 
P=0.351N 

4/50 (8%) 
8.7% 
4/46 (9%) 
P =0.479 
P=0.519N 
P=0.310N 

5/50(10%)
12.8% 
4/38 (1 1%) 
P =0.068 
P =0.081 

P=0.102 

3/49 (6%) 
7.9% 
3/38 (8%) 
P =0.090 
P =0.090 

P=0.117 


15/50 (30%) 

35.3% 

11/38(29%)

P=0.230N 

P-0.074N 


P=0.067N 


4/50 (8%) 

10.5% 

4/38 (11%) 

P =0.253 

P =0.253 


P10.339 


4/50 (8%) 

10.5% 

4/38 (11%)

P=0.127 

P=0.1 27 


P=0.181 


3/50 (6%) 

7.9% 

3/38 (8%) 

P=0.572 

P =0.572 


P=0.661 


7/50 (14%) 

18.4% 

7/38 (18%) 

P =0.162 

P=0.162 


P =0.262 


12/50 (24%) 
28.9% 
6/34 (18%) 
P<0.001 
P=0.007 

P<0.001 

1/50 (2%) 
2.9% 
1/34 (3%) 
P=0.440 
P=0.440 

P=0.500 

15/48 (31%) 
38.4% 
11/34 (32%) 
P =  0.352N 
P =0.080N 

P =0.089N 

4/50 (8%) 
11.8% 
4/34(12%) 
P =0.209 
P =0.209 

P=0.339 

4/50 (8%) 

11.8% 

4/34(12%)

P=O.lOl 

P=O.101 


P=0.181 


1/50 (2%) 

2.5% 

0134 (0%)

P=0.408N 

P =  0.324N 


P=0.309N 


5/50(10%)

14.0% 

4/34 (12%) 

P=0.325 

P =0.380 


P =0.500 

9/50 (18%) 
27.7% 
4/25 (16%) 
P=O.OOl 
P=0.029 

P =0.008 

0150 (0%) 
0.0% 
0125(0%) 
(e)
(e) 

(e) 

8/49 (16%) 
26.0% 
5/25(20%) 
P=0.102N 
P=O.OOSN 

P =0.001N 

0/49 (0%)
0.0% 
0/25(0%)
P=0.380N 
P=0.380N 

P=0.253N 

1/49 (2%) 
4.0% 
1/25 (4%) 
P=0.620 
P=0.620 

P =0.747 

2/49 (4%) 
6.7% 
1/25 (4%) 
P=0.625 
P=0.609N 

P =  0.510N 

3/49 (6%) 
10.6% 
2/25 (8%)
P =  0.513 
P=0.639 

P =OS1 1N 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  BENZENE (Continued) 

25 mg/kg 

14/50 (28%) 

33.0% 

10/38 (26%) 

P =0.127 

P =0.297 


P=0.241 

0150 (0%) 
0.0% 
0138 (0%)
P=0.281N 
P=0.281N 

P =0.247N 

7/50 (14%) 
17.4% 
5/38 (13%) 
P =0.468 
P=0.545 

P=0.613 

2/50 (4%) 
5.3% 
2/38 (5%) 
P =0.197 
P=0.197 

P=0.247 

3/50 (6%)
7.9% 
3/38 (8%)
P=O.O90 
P=0.090 

P=0.121 

5/40 (10%) 
13.3% 
3/33 (9%) 
P =0.022 
P =0.036 

P =0.020 

5140 (13%) 
13.3% 
3/33 (9%)
P=0.022 
P =0.036 

P=O.O20 

50 mg/kg 

10/50 (20%) 

28.4% 

9/34 (26%) 

P =0.3 17 

P =0.444 


P=0.598 

0/50 (0%) 
0.0% 
0134 (0%) 
P =0.307N 
P=0.307N 

P=0.247N 

7/49 (14%) 

17.6% 

4/34 (12%)

P =0.420 

P=0.598N 


P =0.597 


3/49 (6%) 

8.4% 

2/34 (6%) 

P=0.078 

P=0.121 


P=0.117 


3/49 (6%) 

8.4% 

2/34 (6%) 

P =0.078 

P=0.121 


P=0.117 


5/44 (11%) 

14.4% 

3/29 (10%) 

P=0.018 

P =0.067 


P =0.026 

6/44 (14%) 
16.2% 
4/29 (14%) 
P =0.010 
P=0.021 

P=0.012 

100 mg/kg 

4/50 (8%) 
13.8% 
2/25 (8%) 
P=0.363N 
P=0.074N 

P=0.074N 

3/50 (6%) 
8.8% 
0125 (0%) 
P=0.304 
P=0.579N 

P =0.500 

14/50 (28%) 

44.5% 

9/25 (36%) 

P =0.003 

P =0.049 


P =0.070 

2/50 (4%) 
6.7% 
1/25 (4%) 
P =0.148 
P =0.293 

P =0.247 

2/50 (4%) 

6.7% 

1/25 (4%) 

P =0.148 

P =0.293 


P =0.247 


14/46 (30%) 

42.0% 

8/25 (32%) 

P<O.OOl 

P <  0.001 


P<O.OOl 


15/46 (33%) 

45.4% 

9/25 (36%) 

P<0.001 

P <0.001 


P <0.001 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Clitoral Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b)
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Uterus: Endometrial  Stromal Polyp 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Uterus: Carcinoma or Adenocarcinoma 
Overall Rates (a)  0/50 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0146 (0%) 
Life Table Tests (d) P =0.099 
Incidental Tumor Tests (d) P=0.244 
Cochran-Armitage Trend Test (d) P=0.237 
Fisher Exact Tests 

Uterus: Adenoma, Carcinoma, or Adenocarcinoma 

Vehicle Control 

10/50 (20%) 
20.8% 
8/46 (17%) 
P =0.277N 
P=0.043N 
P =0.029N 

2/50 (4%) 
4.3% 
2/46 (4%) 
P =0.142 
P =0.401 
P =0.245 

7/50 (14%)tf) 
14.8% 
6/46 (13%) 
P=O.OOl 
P=0.049 
P=0.032 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

IncidentalTumor Tests (d)

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Zymbal Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Zymbal Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

0150 (0%)
0.0% 
0146 (0%)
P =0.137 
P=0.295 
P =0.312 

0/45 (0%) 
0.0% 
0141 (0%) 
P< 0,001 
P <  0.001 
P<O.OOl 

0/45 (0%) 
0.0% 
0/41 (0%) 
P<O.OOl 
P <0.001 
P<O.OOl 
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TABLE E2. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

(a)Number of tumor-bearing animals/number of animals examined a t  the site 
(b)Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence at terminal kill 
(d)Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill asbeing (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N).
(e)No P value is reported because no tumors were observed in the dosed and vehicle control groups. 
( f )One endometrial stromal sarcoma was also observed. 
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TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE 

Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg 

Skin: Squamous  Cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

0149 (0%) 
0.0% 
0128 (0%) 
P=O.OOl 
P=0.008 
P =0.028 

0148 (0%) 
0.0% 
0123 (0%) 
(e)
(e) 

( e )  

2/50 (4%) 
11.1% 
2/18 (11%) 
P =0.147 
P =0.147 

P =0.253 

3/49 (6%) 
23.3% 
117 (14%) 
P =0.024 
P=0.128 

P=0.121 

Subcutaneous  Tissue: Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

6/49 (12%) 
16.3% 
1/28 (4%) 
P =0.526 
P=0.017N 
P=0.290N 

4/48(8%)
11.1% 
0123 (0%) 
P=0.446N 
P =0.241N 

P=0.383N 

9/50 (18%) 
26.7% 
0118 (0%) 
P=0.180 
P=0.489N 

P =0.303 

3/49 (6%) 
11.5% 
017 (0%) 
P =0.545N 
P=0.043N 

P =0.243N 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

6/49 (12%) 
16.3% 
1/28 (4%) 
P=0.535 
P=0.018N 
P =0.256N 

5/48 (10%) 
14.9% 
1/23 (4%) 
P =0.580N 
P=0.384N 

P =0.515N 

9/50 (18%) 
26.7% 
0118 (0%)
P=0.180 
P =0.489N 

P=0.303 

3/49 (6%) 
11.5% 
o i l  (0%)
P =0.545N 
P=0.043N 

P=0.243N 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

6/49 (12%) 
18.9% 
4/28 (14%) 
P<0.001 
P=0.179 
P =0.047 

6/48 (13%) 
21.1% 
3/23 (13%) 
P =0.499 
P =0.609 

P =0.606 

8/50 (16%)
29.3% 
2/18 (11%) 
P=0.188 
P =0.486 

P =0.403 

12/49(24%) 
41.5% 
017 (0%) 
P =0.005 
P=0.326 

P =0.096 

Lung: AlveolarlBronc hiolar Carcinoma 
Overall Rates (a) 5/49 (10%) 
Adjusted Rates (b) 15.6% 
Terminal Rates (c) 3/28 (11%)
Life Table Tests (d) P<O.OOl 
IncidentalTumor Tests (d) P=0.046 
Cochran-Armitage Trend Test (d) P=0.028 
Fisher Exact Tests 

11/48(23%) 
36.3% 
6/23 (26%) 
P=0.052 
P =0.083 

P =0.078 

12/50 (24%) 
41.9% 
5/18 (28%)
P=0.017 
P=0.083 

P =0.059 

14/49 (29%) 
58.8% 
2/7 (29%) 
P<0.001 
P =0.073 

P =0.020 

Lung: AlveolarlBronchiolar Adenoma o r  Carcinoma 
Overall Rates (a) 10149 (20%) 
Adjusted Rates (b) 29.8% 
Terminal Rates (c) 6/28 (21%) 
Life Table Tests (d) P < O . O O l  
Incidental Tumor Tests (d) P=0.056 
Cochran-Armitage Trend Test (d) P=0.015 
Fisher Exact Tests 

16/48 (33%) 
49.1% 
8/23 (35%) 
P=0.069 
P=0.124 

P =0.113 

19/50 (38%) 
60.0% 
7/18 (39%) 
P =0.007 
P =0.070 

P =0.044 

21/49 (43%) 
71.1% 
217 (29%) 
P<0.001 
P=0.094 

P =0.014 

ytic Type 
0148 (0%)
0.0% 
0123 (0%) 
(e) 
(e) 

(e) 

Hematopoietic System: Malignant Lymphoma, His 
Overall Rates (a) 0149 (0%) 

Terminal Rates (c) 0128 (0%) 
Life Table Tests (d) P=0.005 
Incidental Tumor Tests (d) P =0.017 
Cochran-Armitage Trend Test (d) P=0.035 
Fisher Exact Tests 

Adjusted Rates (b) 0.0% 

itioc 
3/50 (6%) 
13.0% 
2/18(11%)
P =0.077 
P=0.116 

P=0.125 

3/49 (6%) 
18.8% 
117 (14%) 
P =0.051 
P =0.128 

P=0.121 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 25 mg/kg 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 4/49(8%)
Adjusted Rates (b) 12.4% 
Terminal Rates (c) 2/28 (7%) 
Life Table Tests (d) PC0.001 
Incidental Tumor Tests (d) P=0.003 
Cochran-Armitage Trend Test (d) P=0.005 
Fisher Exact Tests 

9/48 (19%) 
31.3% 
5/23 (22%) 
P=0.075 
P=0.116 

P=O.109 

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a) 4/49(8%)
Adjusted Rates (b) 12.4% 
Terminal Rates (c) 2/28 (7%) 
Life Table Tests (d) P<O.OOl 
Incidental Tumor Tests (d) P=0.006 
Cochran-Armitage Trend Test (d) P=0.006 
Fisher Exact Tests 

10148 (21%) 
33.1% 
5/23(22%)
P=0.048 
P=0.080 

P=0.068 

Circulatory System: Hemangiosarcoma 
Overall Rates (a)  3/49 (6%) 
Adjusted Rates (b) 8.9% 
Terminal Rates (c) 1/28 (4%) 
Life Table Tests (d) P=0.163 
Incidental Tumor Tests (d) P=0.467N 
Cochran-Armitage Trend Test (d) P=0.348 
Fisher Exact Tests 

2/48 (4%) 
5.9% 
0123(0%)
P=0.552N 
P=0.456N 

P =0.510N 

Liver: Hepatocellular Adenoma 
Overall Rates (a)
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

7/49 (14%) 
25.0% 
7/28 (25%) 
P=0.519 
P=0.221N 
P=0.064N 

11/48(23%)
40.4% 
8/23 (35%) 
P=O.108 
P= 0.131 

P=0.203 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

9/49(18%)
22.0% 
1/28 (4%) 
P=0.072 
P=0.234N 
P=0.488 

8/48 (17%) 
27.8% 
4/23 (17%) 
P=0.589 
P=0.392N 

P=0.519N 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 15/49(31%) 
Adjusted Rates (b) 39.3% 
Terminal Rates (c) 7/28 (25%) 
Life Table Tests (d) P=0.076 
Incidental Tumor Tests (d) P=0.136N 
Cochran-Armitage Trend Test td) P=0.248N 
Fisher Exact Tests 

17/48 (35%) 
54.9% 
10123 (43%) 
P=0.256 
P= 0.423 

P=0.387 

Stomach: Squamous Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

2/45 (4%) 
6.8% 
1/28 (4%) 
P=0.003 
P=0.048 
P=0.050 

1/42 (2%) 
4.3% 
1/23 (4%) 
P=0.567N 
P=0.546N 

P=0.526N 

50 mg/kg 

9/50(18%)
42.2% 
7/18 (39%) 
P=0.030 
P=0.072 

P=0.125 


10150 (20%)
44.0% 
7/18 (39%) 
P=0.018 
P=0.052 

P=O.O80 


3/50 (6%) 

7.9% 

0/18 (0%)
P= 0.582 

P=0.478N 


P=0.651N 


6/50 (12%) 
25.4% 
3/18 (17%) 
P=0.438 
P=0.583 

P=0.484N 

17/50 (34%) 
49.4% 
3/18 (17%) 
P=0.028 
P=0.231 

P=0.061 

22/50 (44%) 
62.7% 
6/18(33%)
P=0.029 
P=0.238 

P=0.121 

2/44(5%)
8.7% 
1/16 (6%) 
P=0.556 
P=0.685 

P=0.683 

100mgnte 

15/49(31%)
69.3% 
3/7 (43%) 
P<0.001 
P=0.022 

P=0.005 

15/49 (31%) 

69.3% 

3R (43%) 

P<O.OOl 

P=0.022 


P=0.005 

4/49(8%)
17.9% 
OR (0%)
P=0.197 
P=0.514N 

P=0.500 

3/47 (6%) 
14.5% 
OR (0%)
P=0.518 
P=0.519N 

P=0.176N 


8/47 (17%) 
46.7% 
2/7(29%)
P=0.293 
P=0.215N 

P=0.538N 

11/47 (23%) 
54.8% 
2/7(29%)
P=0.225 
P=0.207N 

P=0.287N 


5/38 (13%) 

38.5% 

2/7(29%)

P=0.014 

P=0.161 


P=0.153 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

~~ ~~~ 

Vehicle Control 25 mg/kg 50 msfltg 100 mg/kg 

Stomach: Sauamous Cell Paailloma or Carcinoma 
2/42 (5%)
8.7% 
2/23 (9%)
P=0.623 
P=0.640 

P =0.665 

1/48 (2%) 
4.3% 
1/23 (4%) 
P=0.725 
P=0.757N 

P=0.747N 

0147 (0%)
0.0% 
0122 (0%)
P =0.165N 
P =0.165N 

P=0.121N 

3/28 (11%) 
13.6% 
3/22 (14%) 
P =0.225 
P=0.225 

P=0.178 

5/28 (18%) 
21.7% 
5/22 (22%) 
P =  0.091 
P =0.091 

P =0.052 

9/46 (20%) 
33.2% 
6/22 (27%) 
P=O.OOl 
P=O.OOl 

P<O.OOl 

2/46 (4%) 
8.4% 
1/22(5%)
P =0.423 
P =0.467 

P =0.476 

204 

3/44 (7%) 
13.3% 
1/18 (6%) 
P=0.335 
P=0.521 

P =0.489 

7/49 (14%) 

30.0% 

3/18 (17%) 

P=O.OlO 

P =0.045 


P =0.034 

1/49 (2%) 
4.3% 
0118 (0%)
P=0.465N 
P =  0.371 N 

P =0.293N 

18/29 (62%) 

80.8% 

14/18 (78%) 

P eo.001 

P <0.001 


P<O.OOl 


19/29 (66%) 

81.6% 

14/18(78%) 

P<O.OOl 

Pe0.001 


P <0.001 


13/49 (27% ) 

51.7% 

8/18 (44%) 

P <0.001 

P <0.001 


P<O.OOl 


0149 (0%)

0.0% 

0118 (0%)

P =0.588N 

P =0,588N 


P =0.500N 

5/38 (13%) 

38.5% 

217 (29%) 

P =  0.014 

P=0.161 


P=0.153 


1/46 (2%) 

4.3% 

016 (0%) 

P=0.632 

P =0.529N 


P =0.747 


1/44 (2%) 

14.3% 

117 (14%) 

P =0.653 

P=0.653 


P=0.334N 


28/35 (80%)

91.2% 

416 (67%) 

P <0.001 

P <  0.001 


P <0.001 


31/35 (89%) 

96.1% 

516 (83%) 

P<O.OOl 

Pe0.00 1 


P<O.OOl 


11/48 (23%) 

56.2% 

217 (29%) 

P <0.001 

P=0.003 


P<0.001 

3/48 (6%) 
11.7% 
on (0%)
P =0.128 
P=0.397 

P =0.301 

Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Adrenal: Pheochromocytoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Thyroid: Follicular Cell Adenoma 
Overall Rates (a)  

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Preputial Gland: Squamous Cell Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Preputial Gland: All Carcinoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Harderian Gland: Adenoma 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d)  

Fisher Exact Tests 


Harderian Gland: Carcinoma 
Overall Rates (a)

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Benzene, NTP TR 289 

2/45 (4%) 
6.8% 
1/28 (4%) 
P =0.004 
P=0.074 
P =0.075 

1/47 (2%) 
2.9% 
0127 (0%) 
P =0.096 
P =0.540 
P=0.444 

3/47 (6%) 
10.7% 
3/28(11%)
P =0.632 
P=0.518N 
P =0.31 1N 

0121 (0%) 
0.0% 
0113 (0%)
P<O.OOl 
P<O.OOl 
P<O.OOl 

0121 (0%)
0.0% 
0/13 (0%)
P<O.OOl 
P<0.001 
P <0.001 

0149 (0%) 
0.0% 
0128 (0%) 
P<O.OOl 
P=O.OOl 
P =0.004 

1/49 (2%) 
3.6% 
1/28 (4%) 
P =0.064 
P=0.309 
P=O.242 



TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 25 m&e: 50 mgflrg 100mg/kg 

Harder ian  Gland: Adenoma or Carcinoma 
Overall Rates (a) 1/49 (2%) 10146 (22%) 13/49 (27%) 14/40(29%) 
Adjusted Rates (b) 3.6% 35.8% 51.7% 61.3% 
Terminal Rates (c) 1/28(4%) 6/22 (27%) 8/18 (44%) 217(29%) 
Life Table Tests (d) P<O.OOl P=0.002 P<0.001 P<O.OOl 
Incidental Tumor Tests (d) P<0.001 P=0.003 P<O.OOl P=0.002 
Cochran-Armitage Trend Test (d) P= 0.001 
Fisher Exact Tests P=0.003 P<O.OOl P<0.001 

Zymbal Gland: Squamous  Cell Carcinoma 
Overall Rates (a) 0143 (0%) 1/34(3%) 4/40 (10%) 21/39 (54%) 
Adjusted Rates (b) 0.0% 2.9% 28.6% 87.6% 
Terminal Rates (c) 0125 (0%) 0115 (0%) 4/14 (29%) 517 (71%)
Life Table Tests (d) P< 0.001 P=0.489 P=0.012 P<0.001 
Incidental Tumor Tests (d) P <0.001 P=0.500 P=0.012 P <0.001 
Cochran-Armitage Trend Test (d) P<O.OOl 
Fisher Exact Tests P=0.442 P=0.050 P<O.OOl 

(a)Number oftumor-bearing animals/number of animals examined a t  the site. Mice dying before week 4are not included in 
these analyses. 
(b)Kaplan-Meier estimated tumor incidence a t  the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence a t  terminal kill 
(d)Beneath the vehicle control incidence are the Pvalues associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause ofdeath. The incidental tumor 
test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N).
(e)No Pvalue is reported because no tumors were observed in the dosed and vehicle control groups. 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE 

Vehicle Control 25 mg/kg 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 1/49 (2%) 4/45 (9%) 
Adjusted Rates (b) 2.9% 10.3% 
Terminal Rates (c) 0130(0%) 0126 (0%)
Life Table Tests (d) P=0.572N P=0.157 
Incidental Tumor Tests (d) P=0.242N P=0.183 
Cochran-Armitage Trend Test (d) P=0.418N 
Fisher Exact Tests P=0.155 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 4/49(8%) 2/42 (5%) 
Adjusted Rates (b) 13.3% 7.2% 
Terminal Rates (c) 4/30(13%) 1/24 (4%) 
Life Table Tests (d) P=0.003 P=0.437N 
Incidental Tumor Tests (d) P=0.010 P=0.435N 
Cochran-Armitage Trend Test (d) P=0.035 
Fisher Exact Tests P=0,415N 

Lung: AlveolartBronc hiolar Carcinoma 
Overall Rates (a) 0149 (0%) 3/42 (7%) 
Adjusted Rates (b) 0.0% 12.5% 
Terminal Rates (c) 0130(0%) 3/24(13%)
Life Table Tests (d) P=0.002 P =0.084 
Incidental Tumor Tests (d) P=0.006 P=0.084 
Cochran-Armitage Trend Test (d) P=0.021 
Fisher Exact Tests P=0.094 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 4/49(8%) 5/42 (12%) 
Adjusted Rates (b) 13.3% 19.3% 
Terminal Rates (c) 4/30(13%) 4/24 (17%) 
Life Table Tests (d) P<0.001 P=0.366 
Incidental Tumor Tests (d) P<0.001 P=0.368 
Cochran-Armitage Trend Test (d) P=0.007 
Fisher Exact Tests P=0.402 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 2/49 (4%) 2/45 (4%) 
Adjusted Rates (b) 6.7% 4.8% 
Terminal Rates (c) 2/30(7%) 0126 (0%)
Life Table Tests (d) P=0.149 P=0.658 
Incidental Tumor Tests (d) P=0.307 P=0.682 
Cochran-Armitage Trend Test (d) P=0.233 
Fisher Exact Tests P=0.659 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 0149 (0%) 3/45 (7%) 
Adjusted Rates (b) 0.0% 10.2% 
Terminal Rates (c) 0130(0%) 1/26 (4%) 
Life Table Tests (d) P=0.426 P=0.097 
Incidental Tumor Tests (d) P=0.455N P=O.lll 
Cochran-Armitage Trend Test (d) P=0.538 
Fisher Exact Tests P=0.106 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 15/49(31%) 24/45(53%)
Adjusted Rates (b) 41.7% 68.0% 
Terminal Rates (c) 10/30 (33%) 15/26 (58%) 
Life Table Tests (d) P=0.031 P=0.021 
Incidental Tumor Tests (d) P=0.446 P=0.028 
Cochran-Armitage Trend Test (d) P=0.335 
Fisher Exact Tests P=0.021 

50 mg/kg 

3/50 (6%) 

11.0% 

1/24 (4%) 

P= 0.231 

P=0.404 


P=0.316 

5/50(10%)
15.7% 

2/24(8%) 
P=0.398 
P=0.514 


P=0.513 

6/50 (12%) 

22.8% 
5/24 (2 1% 
P=0.010 
P=0.013 

P=0.014 


10150 (20%) 

32.7% 

6/24 (25%) 

P=0.039 

P=0.071 


P=0.080 


2/50 (4%) 

7.0% 

1/24 (4%) 

P=0.625 

P=0.675 


P=0.684N 


3/50 (6%) 

6.4% 

0124(0%)

P=0.136 

P=0.230 


P=0.125 


24/50 (48%) 

62.5% 

11/24 (46%) 

P=0.025 

P=O.109 


P=0.059 

100mg/kg 

1/49 (2%) 
3.0% 
0118(0%)
P=0.673 
P= 0.616N 

P=0.753 

9/49 (18%) 
44.0% 
7/18 (39%) 
P=0.011 
P=0.020 

P=0.116 


6/49 (12%) 
27.0% 
4/18 (22%) 
P=0.004 
P=0,009 

P=0.013 

13/49 (27%) 
57.1% 
9/18 (50%) 
P<O.OOl 
P=0.002 

P= 0.015 


4/49(8%)

11.1% 

0118 (0%)
P=0.234 

P=0.319 


P=0.339 


1/49 (2%) 

2.6% 

0118 (0%)
P=0.480 
P=0.701 

P=0.500 

20149 (41 %)
53.6% 
5/18 (28%) 
P=0.037 
P=0.357 

P=0.200 


Benzene, NTP TR 289 206 




































































































































































































TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

25 mg/kg 

25/45 (56%) 
68.7% 
15/26 (58%) 
P=0.014 
P=0.014 

P =0.012 

8/44(18%) 

30.8% 

8/26 (31%) 

P =0.008 

P =0.008 


P =0.010 

4/44 (9%) 
11.9% 
1/26 (4%) 
P =0.440 
P =0.498 

P=0.439 

12/44 (27%) 
40.195 
9/26 (35%) 
P=0.014 
P=0.017 

P =0.015 

3/40 (7%) 
8.6% 
1/26 (4%) 
P=0.288 
P=0.134 

P =0.289 

5/35 (14%) 
22.8% 
4/20 (20%) 
P=0.119N 
P=0.117N 

P=0.099N 

1/44 (2%) 
3.8% 
1/26 (4%) 
P =O.08ON 
P =0.080N 

P =0.074N 

50 mg/kg 

26/50 (52%) 

64.6% 

11/24 (46%) 

P =0.012 

P =0.061 


P=0.025 


5/50 (10%)

15.6% 

1/24 (4%) 

P =0.079 

P=0.168 


P=0.107 


8/50(16%)

28.0% 

5/24 (21%) 

P =0.058 

P=0.101 


P=0.106 


13/50 (26%) 

39.9% 

6/24 (25%) 

P =0.008 

P=0.026 


P=0.017 


6/45 (13%) 

23.7% 

5/24 (21%) 

P =0.038 

P=0.059 


P =0.066 


6/45 (13%) 

23.6% 

5/24 (21%) 

P =0.109N 

P=0.076N 


P=0.060N 


1/50 (2%) 

4.2% 

1/24 (4%) 

P=0.097N 

P=0.097N 


P=0.053N 


100 mg/kg 

22/49 (45%) 
56.2% 
5/18 (28%) 
P =0.017 
P=0.272 

P =0.105 

4/49 (8%)
17.4% 
2/18 (1 1%) 
P =0.077 
P=0.124 

P=0.181 

4/49 (8%)
17.0% 
1/18 (6%) 
P =0.278 
P=0.471 

P =0.500 

7/49 (14%) 
27.5% 
2/18 (11%) 
P =0.086 
P=0.209 

P =0.262 

5/42 (12%) 
25.1% 
4/18 (22%) 
P =0.040 
P =0.079 

P=O.101 

4/35 (11%) 
23.2% 
3/15 (20%) 
P =0.184N 
P=0.133N 

P =  0.051N 

1/48 (2%) 
5.9% 
1/17 (6%) 
P=0.192N 
P=0.192N 

P =0.059N 

Vehicle Control 

Hematopoietic System: Lymphoma or Leukemia 
Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Liver: Hepatocellular Adenoma or Carcinoma 

15/49 (31%) 

41.7% 

10130 (33%) 

P =0.014 

P =0.309 

P =0.204 


1/49 (2%) 

3.3% 

1/30 (3%) 

P =0.156 

P=0.289 

P =0.426 


3/49 (6%) 

9.1% 

2/30 (7%) 

P=0.169 

P=0.401 

P=0.413 


Overall Rates (a) 

Adjusted Rates (b) 

Terminal Rates (c) 

Life Table Tests (d) 

Incidental Tumor Tests (d) 

Cochran-Armitage Trend Test (d) 

Fisher Exact Tests 


Stomach: Squamous Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Pituitary: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d)
Fisher Exact Tests 

Adrenal: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

4/49 (8%) 
12.3% 
3/30 (10%) 
P=0.103 
P=0.339 
P=0.438 

1/42 (2%) 
2.3% 
0129 (0%)
P=0.022 
P =0.071 
P =0.083 

13/45 (29%) 
44.5% 
12/28 (43%) 
P =  0.130N 
P =O.081N 
P=0.038N 

6/49 (12%) 
20.0% 
6/30 (20%) 
P =0.097N 
P =0.097N 
P=0.036N 
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TABLE E4. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Vehicle Control 25 mg/kg 

Adrenal: Pheochromocytoma o r  Pheochromocytoma, Malignant 
Overall Rates (a) 8/49(16%) 1/44(2%)
Adjusted Rates (b) 23.9% 3.8% 
Terminal Rates (c) 6/30 (20%) 1/26 (4%) 
Life Table Tests (d) P=0.030N P=0.030N 
Incidental Tumor Tests (d) P=0.018N P=0.033N 
Cochran-Armitage Trend Test (d) P=0.009N 
Fisher Exact Testa P=0.023N 

Adrenal Capsule: Adenoma 
Overall Rates (a) 0149(0%) 0144(0%)
Adjusted Rates (b) 0.0% 0.0% 
Terminal Rates (c) 0130(0%) 0/26 (0%)
Life Table Tests (d) P=0.399 (e)
Incidental Tumor Tests (d) P=0.399 (e)
Cochran-Armitage Trend Test (d) P=0.543 
Fisher Exact Tests (e) 

Thyroid: Follicular Cell Adenoma 
Overall Rates (a) 3/48 (6%) 1/42(2%)
Adjusted Rates (b) 10.0% 3.8% 
Terminal Rates (c) 3/30(10%) 1/26 (4%) 
Life Table Tests (d) P=0.389N P=0.356N 
Incidental Tumor Tests (d) P=0.389N P=0.356N 
Cochran-Armitage Trend Test (d) P=0.243N 
Fisher Exact Tests P=0.360N 

Mammary Gland: Carcinoma 
Overall Rates (a) 0149(0%) 2/45(4%)
Adjusted Rates (b) 0.0% 6.9% 
Terminal Rates (c) 0130(0%) 0/26 (0%)
Life Table Tests (d) P<O.OOl P=0.202 
Incidental Tumor Tests (d) P<0.001 P=0.233 
Cochran-Armitage Trend Test (d) P<0.001 
Fisher Exact Tests P=0.226 

Mammary Gland: Carcinosarcoma 
Overall Rates (a) 0149(0%) 0145(0%)
Adjusted Rates (b) 0.0% 0.0% 
Terminal Rates (c) 0130(0%) 0126 (0%)
Life Table Tests (d) P= 0.001 (e)
IncidentalTumor Tests (d) P=0.003 (e)
Cochran-Armitage Trend Test (d) P=0.006 
Fisher Exact Tests (e) 

Ovary: Granulosa Cell Tumor 
Overall Rates (a) 1/47(2%) 1/44(2%)
Adjusted Rates (b) 3.3% 3.8% 
Terminal Rates (c) 1/30 (3%) 1/26 (4%) 
Life Table Tests (d) P<O.OOl P=0.730 
Incidental Tumor Tests (d) P=0.005 P=0.730 
Cochran-Armitage Trend Test (d) P=0.008 
Fisher Exact Tests P=0.736 

Ovary: Granulosa Cell Tumor o r  Carcinoma 
Overall Rates (a) 1/47(2%) 1/44(2%)
Adjusted Rates (b) 3.3% 3.8% 
Terminal Rates (c) 1/30(3%) 1/26 (4%) 
Life Table Tests (d) PCO.001 P=0.730 
Incidental Tumor Tests (d) P=0.002 P=0.730 
Cochran-Armitage Trend Test (d) P=0.003 
Fisher Exact Tests P=0.736 

50 m@g 

1/60(2%)
4.2% 
1/24 (4%) 
P=0.035N 
P=0.025N 

P= 0.014N 


3/50(6%) 

12.5% 
3/24(13%)

P=0.084 
P=0.084 

P=0.125 


1/48(2%)

4.2% 

1/24 (4%) 

P=0.387N 

P= 0.387N 


P= 0.308N 


5/50 (10%)
15.9% 
2/24 (8%) 
P=0.026 
P=0.047 

P=0.030 

1/50(2%)

2.7% 
0124(0%)
P=0.495 
P=0.588 

P=0.505 


6/49(12%)
19.9% 
3/24(13%)
P=0.040 
P=0.077 

P=0.062 

6/49(12%)
19.9% 
3/24(13%)
P =0.040 
P=0.077 

P=0.062 


100mg/kg 

1/48 (2%) 
5.9% 
1/17(6%)
P=0.085N 
P=0.046N 

P=0.017N 

0148(0%)

0.0% 

0117(0%) 

(e)
(e) 

(e) 

1/46 (2%) 
5.6% 
1/18(6%)
P=0.500N 
P=0.500N 

P=0.325N 


10149(20%)
33.2% 
3/18 (17%) 
P<0.001 
P=0.004 

Pc0.001 


4/49(8%)
20.6% 
3/18 (17%) 
P=0.017 
P=0.030 

P=0.059 

7/48 (15%) 
28.9% 
4/18 (22%) 
P=0.008 
P=0.020 

P=0.032 


8/48 (17%) 
31.6% 
4/18 (22%) 
P=0.004 
P=0.012 

P=0.017 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

Ovary: Luteoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Ovary: Tubular  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Ovary: Mixed Tumor, Benign 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Harder ian  Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Harder ian  Gland: Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Tests 

Vehicle Control 

0147(0%)
0.0% 
0130 (0%)
P=0.102 
P =  0.125 
P=0.253 

OJ47(0%)
0.0% 
0130(0%)
P=O.O08 
P=0.016 
P=0.038 

0147(0%)
0.0% 
0130(0%)
P<O.OOl 
P <  0.001 
P=0.004 

5/48 (10%) 

16.7% 

5/30(17%)

P=0.133 

P=0.311 

P=0.413 


0148(0%)
0.0% 
0130(0%)
P<O.OOl 
P=0.003 
P=0.003 

Harder ian  Gland: Adenoma or Carcinoma 
Overall Rates (a) 5/48 (10%) 
Adjusted Rates (b) 16.7% 
Terminal Rates (c) 5/30 (17%) 
Life Table Tests (d) P=0.009 
Incidental Tumor Tests (d) P=0.046 
Cochran-Armitage Trend Test (d) P=0.081 
Fisher Exact Tests 

Zymbal Gland: Squamous Cell Carcinoma 
Overall Rates (a) 0143 (0%)
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0127(0%)
Life Table Tests (d) P=0.007 
Incidental Tumor Tests (d) P=0.007 
Cochran-Armitage Trend Test (d) P=0.011 
Fisher Exact Tests 

25 mg/kg 

2/44 (5%) 

7.7% 

2/26(8%)

P=0.207 
P=0.207 

P=0.231 

Of44 (0%)
0.0% 
0126(0%) 
(e)
(e) 

(e) 

1/44 (2%) 

3.8% 

1/26 (4%) 

P=0.471 

P=0.471 


P=0.484 


6/44 (14%) 
24.0% 
6/25 (24%) 
P=0.369 
P=0.369 

P=0.438 


0144(0%)
0.0% 
0125(0%)
( e )  
( e )  

(e) 

6/44 (14%) 
24.0% 
6/25 (24%) 
P=0.369 
P=0.369 

P=0.438 

0/32(0%)
0.0% 
0118(0%) 
( e )
(e) 

(e) 

50 mg/kg 

3/49 (6%) 

11.6% 
2/24(8%)
P=0.088 
P=O.119 


P=0.129 

3/49(6%)

11.4% 
2/24(8%)
P=0.090 
P=O.119 

P=0.129 

12/49 (24%) 

42.3% 

9/24 (38%) 

P<O.OOl 

P<O.OOl 


P<O.OOl 


10150 (20%) 
27.4% 
2/24(8%)
P=0.090 
P=0.209 

P=0.150 


0150(0%)
0.0% 
0124(0%) 
(e) 
(e) 

(e) 

10/50(20%)
27.4% 
2/24(8%)
P=0.090 
P=0.209 

P=0.150 


1/37 (3%) 

4.8% 

1/21 (5%) 

P=0.450 

P=0.450 


P=0.462 

100 mg/kg 

2/48 (4%) 

11.1% 

2/18(11%)

P=0.134 

P=0.134 


P=0.253 

3/48(6%)

15.8% 
2/18(11%)
P=0.047 
P=0.077 

P=0.125 


7/48(15%)

32.9% 

5/18 (28%) 

P=O.OOl 

P=0.002 


P=0.007 

6/47 (13%) 
27.1% 
4/18 (22%) 
P=0.204 
P=0.281 

P=0.485 

4/47 (9%) 

17.8% 
1/18 (6%) 
P=0.020 
P=0,060 

P=0.056 


10147 (21%) 
41.1% 
5/18 (28%) 
P=0.017 
P=0.049 

P=O.121 


3/31 (10%) 
18.8% 
3/16 (19%) 
P=0.045 
P=0.045 

P=0.069 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF BENZENE (Continued) 

(a)Number of tumor-bearing animals/number of animals examined a t  the site. Mice dying before week 4 are not included in 
these analyses. 
(b)Kaplan-Meier estimated tumor incidence at the end of the study after adjusting for intercurrent mortality 
(c)Observed tumor incidence at terminal kill 
(d)Beneath the vehicle control incidence are the Pvalues associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N).
(e)No P value is reported because no tumors were observed in the dosed and vehicle control groups. 
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APPENDIX F 


HISTORICAL INCIDENCES OF TUMORS 


IN F344/N RATS ANDB6C3F1 MICE 


ADMINISTERED CORN OIL BY GAVAGE 
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TABLE F1. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM SQUAMOUS CELL TUMORS 
IN MALE F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Squamous Cell Squamous Cell Squamous Cell 

Papilloma Carcinoma Papilloma or 
Carcinoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 
o-Dichlorobenzene 

0150 
0150 

1/50
0150 

1/50
0150 

TOTAL O l l h  (0.0%) 11100 (1.0%) M O O  (1.0%) 

Overall Historical Incidence 

TOTAL 
SD (b) 

1211,146 (1.0%) 
1.69% 

911,146 (0.8%) 
1.44% 

21/1,146 (1.8%) 
2.62% 

Range (c) 
High 
Low 

3/50
0152 

3/50
0152 

5/50
0152 

(a)Data as of March 16,1983,for studiesof a t  least 104weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 

TABLE F2. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM FIBROUS TUMORS IN MALE 
F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Fibroma Fibrosarcoma Fibroma or  

Fibrosarcoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 5/50 2/50 7/50
o-Dichlorobenzene 1/50 0150 1/50 

TOTAL W100 (6.0%) 2/100 (2.0%) 81100 (8.0%) 

Overall Historical Incidence 

TOTAL 67/1,146 (5.8%) 1311,146 (1.1%) 7711,146 (6.7%) 
SD (b) 3.12% 2.32% 3.98% 

Range (c) 
High 6/50 5/50 7/50 
Low 0150 0152 0150 

(a)Data as of March 16,1983,for studies of a t  least 104weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35or more animals. 
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TABLE F3. HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
All Adenoma All Malignant 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 10150 
o-Dichlorobenzene 14/49 

TOTAL 24/99 (24.2%) 

Overall Historical Incidence 

TOTAL 270/1,106 (24.4%) 
SD (b) 10.87% 

Range (e) 
High 23/48 
Low 3/47 

2/50

1/49 


3/99 (3.0%) 


23/1,106 (2.1 %)
2.86% 

5/47

0152 


Adenoma, Carcinoma, 
o r  Adenocarcinoma 

12/50

15/49 


27/99 (27.3%) 


293/1,106 (26.5%) 

10.16% 


23/48

6/50 


(a)Data as of March 16,1983,for studies of a t  least 104weeks. Includes pituitary and anterior pituitary tumors. 

(b)Standard deviation 

(e)Range and SD are presented for groups of 35or more animals. 


TABLE F4. HISTORICAL INCIDENCE OF THYROID GLAND TUMORS IN MALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
C-cel l  Adenoma C-cel l  Carcinoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 
o-Dichlorobenzene 

TOTAL 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (e)
High
Low 

Ob0 
0150 


0/100(0.0%) 

91/1,109 (8.2%) 

6.06% 


10147 

0150 

(a)Data as of March 16,1983,for studies of a t  least 104weeks 
(b)Standard deviation 
(e)Range and SD are presented for groups of 35or more animals. 

6/50

2/50 


81100 (8.0%) 

4811,109 (4.3%) 

3.46% 


6/50 

0150 

C-cell Adenoma 
or Carcinoma 

6/50

2/50 


8/100(8.0%) 


13711,109 (12.4%) 

6.37% 


12/49

2/50 
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TABLE F5. HISTORICAL INCIDENCE O F  ORAL CAVITY TUMORS IN F344/N RATS ADMINISTERED 
CORN OIL BY GAVAGE (a) 

No. of Animals No.of Tumors in 
Examined Vehicle Controls Site Diagnosis 

Historical Incidence a t  Battelle Columbus Laboratories 

MALE: No tumors observed in 100 animals. 

FEMALE 

Chlorobenzene 50 0 
o-Dichlorobenzene 50 1 Tongue Squamous cell papilloma 

Overall Historical Incidence 

MALE 

1,146 
1,146 

1 
1 

Oral cavity 
Soft palate 

Squamous cell papilloma 
Squamous cell carcinoma 

FEMALE 

1,147 2 
1 

Tongue
Tongue 

Squamous cell papilloma 
Squamous cell carcinoma 

(a)Data as of March 16,1983, for studies of a t  least 104weeks 

TABLE F6. HISTORICAL INCIDENCE O F  PITUITARY GLAND TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
All Adenomas All Malignant Adenoma, Carcinoma, 

or Adenocarcinoma 
~~ 

Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 23/46 0146 23/46 
o-Dichlorobenzene 13/46 2/46 15/46 

TOTAL 36/92 (39.1%) 2/92 (2.2%) 38/92 (41.3%) 

Overall Historical Incidence 

TOTAL 410/1,092 (37.5%) 4111,092 (3.8%) 45111,092 (41.3%) 
SD (b) 10.22% 3.56% 9.28% 

Range (c) 
High 28/50 6/46 30150 
Low 8/46 0149 13/48 

(a)Data as of March 16,1983, for studies of a t  least 104weeks. Includes tumors of the pituitary and anterior pituitary gland. 
(b)Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F7. HISTORICAL INCIDENCE OF UTERINE STROMAL TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Endometrial Endometrial 

Stromal Polyp Stromal Sarcoma 
~ ~~ ~ 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 
o-Dichlorobenzene 

16/50 
6/48 

0/50 
0148 

TOTAL 22/98 (22.4%) 0198 (0.0%) 

Overall Historical Incidence 

TOTAL 
SD (b) 

24811,125 (22.0%) 
6.74% 

2311,125 (2.0%) 
1.72% 

Range (c)
High
Low 

17/50
4149 

3/50
0150 

(a)Data as  of March 16,1983, for studies of a t  least 104 weeks 
(b)Standard deviation 
(c)Range and SD are presented for groups of 35 or more animals. 

TABLE F8. HISTORICAL INCIDENCE OF UTERINE GLANDULAR TUMORS IN FEMALE F344/N RATS 
ADMINISTERED CORN OIL BY GAVAGE (a) 

No.of Animals No.of Tumors in 
Examined Vehicle Controls Site Diagnosis 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 50 0 
o-Dichlorobenzene 48 1 Endometrial gland Adenoma, NOS 

Overall Historical Incidence 

1,125 	 1 Uterus, NOS Adenoma, NOS 
2 Uterus, NOS Papillary adenoma 
1 Uterus, NOS Carcinoma, NOS 
7 Uterus, NOS Adenocarcinoma 
2 Uterudendometrium Adenoma, NOS 
3 Uterudendometrium Adenocarcinoma, 

NOS 
1 Endometrial gland Adenoma, NOS 

Greatest  Overall Historical Incidence 4/50 
~~~~ ~ 

(a)Data as  of March 16,1983, for studies of a t  least 104 weeks 
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TABLE F9. HISTORICAL INCIDENCE OF ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma o r  

Carcinoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 4/50 2/50 6/50
o-Dichlorobenzene 4/50 4/50 8/50 

TOTAL 81100 (8.0%) 61100 (6.0%) 14/100 (14.0%) 

Overall Historical Incidence 

TOTAL 9911,082 (9.1%) (b)5811,082 (5.4%) (b) 15511,082 (14.3%) 
SD (c) 4.77% 4.13% 6.31% 

Range (d) 
High 10150 7/50 13/50 
Low 0147 0150 1/50 

(a)Data as  of March 16,1983, for studies of a t  least 104weeks 
(b)Includes one adenocarcinoma, unclear primary or metastatic 
(c )Standard deviation 
(d)Range and SD are presented for groups of 35 or more animals. 

TABLE F10. HISTORICAL INCIDENCE O F  ALVEOLAR/BRONCHIOLAR TUMORS IN FEMALE B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or 

Carcinoma 

Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 1/50 0150 1/50 
o-Dichlorobenzene 3/47 0147 3/47 

TOTAL 4/97 (4.1%) 0197 (0.0%) 4197 (4.1%) 

Overall Historical Incidence 

TOTAL 36/1,103 (3.3%) 1611,103 (1.5%) 5211,103 (4.7%) 

SD (b) 2.81% 1.61% 3.46% 


Range (c) 
High 5/50 2/49 6/50 
Low 0150 0150 0150 

(a)Data as of March 16,1983, for studies of at least 104weeks 
(b)Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F11. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Leukemia Lymphoma Leukemia or 

Lymphoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 0150 5/50 5/50 
o-Dichlorobenzene 0150 8/50 8/50 

TOTAL 0/100(0.0%) 13/100 (13.0%) 13/100 (13.0%) 

Overall Historical Incidence 

TOTAL 611,090 (0.6%) 126/1,090 (11.6%) 132/1,090 (12.1%) 

SD (b) 2.24% 5.63% 6.35% 


Range ( c )
High 5/48 11/50 13/48
Low 0150 0150 0150 

(a)Data as of March 16,1983,forstudies of a t  least 104weeks 
(b)Standard deviation 
(c) Range and SD are presented for groups of35or more animals. 

TABLE F12. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
Leukemia Lymphoma Leukemia or  

Lymphoma 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 1/50 11/50 12/50
o-Dichlorobenzene 2/49 11/49 13/49 

TOTAL 3199 (3.0%) 22/99 (22.2%) 25/99 (25.3%) 

Overall Historical Incidence 

TOTAL 2211,187 (1.9%) 23711,187 (20.0%) 258/1,187 (21.7%) 

SD (b) 3.13% 8.74% 9.11% 


Range (c) 
High 5/48 17/50 20149 
Low 0150 2/48 4/50 

(a)Data as  of March 16,1983,for studies of a t  least 104weeks 
(b)Standard deviation 
( c )  Range and SD are presented for groups of 35or more animals. 
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TABLE F13. HISTORICAL INCIDENCE O F  HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
Adenoma Carcinoma Adenoma or 

Carcinoma 

Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 5/50 12/50 16/50 
o-Dichlorobenzene 8/50 14/50 19/50 

TOTAL 13/100 (13.0%) 26/100 (26.0%) 35/100 (35.0%) 

Overall Historical Incidence 

TOTAL 133/1,084 (12.3%) (b)22211,084 (20.5%) 340/1,084 (31.4%) 
SD (c) 6.70% 7.90% 10.30% 

Range (d) 
High 13/50 18/50 25/50 
Low 0/50 4/50 5/50 

~~ ~~~_ _ _ _ ~ ~ ~ ~ ___ 

(a)Data as  of March 16,1983, for studies of a t  least 104weeks 

(b)One hepatoblastoma was also observed. 

(c )Standard deviation 

(d)Range and SD are presented for groups of 35 or more animals. 


TABLE F14. HISTORICAL INCIDENCE O F  PREPUTIAL GLAND TUMORS IN MALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE 

No.of Animals No. of Tumors in  
Examined Vehicle Controls Diagnosis 

Historical Incidence at Battelle Columbus Laboratories (a) 

No tumors observed in 100 animals. 

Overall Historical Incidence 

1,090 1 Adenoma, NOS 

(a)Data as of March 16,1983, for studies of a t  least 104weeks 
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TABLE F15. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma o r  

Carcinoma 

-~ 

Historical Incidence a t  Battelle Columbus Laboratories 

Chlorobenzene 2/50 1/50 2/50
o-Dichlorobenzene 2/48 2/48 4/48 

TOTAL 4/98(4.1%) 3/98(3.1%) 6/98 (6.1%) 


Overall Historical Incidence 

TOTAL 4711,176 (4.0%) 34/1,176 (2.9%) 80/1,176 (6.8%) 

SD (b) 2.55% 2.18% 3.37% 


Range ( c )  
High 5/50 4/50 7/50
Low 0150 0150 1/50 

(a)Data as of March 16,1983,for studies of a t  least 104weeks 
(b)Standard deviation 
( c ) Range and SD are presented for groups of 35 or more animals. 

TABLE F16. HISTORICAL INCIDENCE OF MAMMARY GLAND TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence of Carcinoma or Adenocarcinoma in Vehicle Controls 

Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 1/50 
o-Dichlorobenzene 0/49 

TOTAL 1/99(1.0%) 


Overall Historical Incidence 

TOTAL (b)15/1,187(1.3%) 

SD ( c )  1.55% 


Range (c) 
High 2/50
Low 0197 

(a)Data as  of March 16,1983,for studies ofat  least 104weeks 

(b)Includes one carcinoma, NOS and one adenosquamous carcinoma, All other tumors are adenocarcinoma, NOS. 

( c  )Standard deviation 

(d)Range and SD are presented for groups of 35or more animals. 
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TABLE F17. HISTORICAL INCIDENCE OF OVARIAN TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

No. of Animals No. of Tumors in 
Examined Vehicle Controls Diagnosis 

Historical Incidence a t  Battelle Columbus Laboratories 

No ovarian tumors observed in 100animals 

Overall Historical Incidence 

1,028 1 
1 
1 
1 

Adenoma, NOS 
Papillary adenoma 
Cystadenoma,NOS 
Luteoma 

1 Sertoli cell tumor 
1 
2 

Teratoma, benign 
Granulosa cell tumor 

1 Granulosa cell carcinoma 
1 Teratoma, NOS 
1 Adenocarcinoma, NOS 
1 Teratoma, malignant 

(a)Data as of March 16,1983,for studies ofat least 104weeks. No more than two ovarian tumors were present in any single 
control group. 

TABLE Fl8. HISTORICAL INCIDENCE OF HARDERIAN GLAND TUMORS IN B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 

Male Female 


Adenoma Adenoma 


Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 1/50 0150 
o-Dichlorobenzene 0150 0149 

TOTAL M O O  (1.0%) 0199(0.0%) 

Overall Historical Incidence 

TOTAL (b)32/1,090 (2.9%) (c)11/1,187(0.9%) 
SD (d) 2.88% 1.33% 

Range (e) 
High (b)4/50 (c)2/50
Low 0150 0197 

(a)Data as  ofMarch 16,1983,for studies of at least 104weeks 

(b)One cystadenoma and two carcinomas were also observed. Greatest combined incidence observed is 5/50.

(c ) One cystadenoma and one carcinoma were also observed. Greatest combined incidence observed is 3/50.

(d)Standard deviation 

(e)Range and SD are presented for groups of 35or more animals. 
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TABLE F19. HISTORICAL INCIDENCE O F  ADRENAL GLAND PHEOCHROMOCYTOMAS IN B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in  Vehicle Controls 
Male Female 

Historical Incidence at Battelle Columbus Laboratories 

Chlorobenzene 2/50 0149 
o-Dichlorobenzene 4150 1/48 

TOTAL 	 61100 (6.0%) 1/97 (1.0%) 

Overall Historical Incidence 

TOTAL (b)2411,037 (2.3%) 1111,056 (1.0%) 
SD (c) 2.57% 1.74% 

Range (d) 
High (b)4/49 2/36 
Low 0150 0150 

(a)Data as of March 16,1983, for studiesof a t  least 104 weeks 
(b)One pheochromocytoma, malignant was also observed. The greatest observed combined incidence is 5/49. 
(c )Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 

TABLE F20. HISTORICAL INCIDENCE 	OF STOMACH TUMORS IN B6C3F1 MICE ADMINISTERED 
CORN OIL BY GAVAGE (a) 

~~ 

No.of Animals No. of Tumors in 
Examined Vehicle Controls Site/Diagnosis 

Historical Incidence a t  Battelle Columbus Laboratories 

No tumors observed in 100 males or 99 females 

Overall Historical Incidence 

MALE 1.055 
Forestomach 

4 
3 

Squamous cell papilloma 
Squamous cell carcinoma 

FEMALE 1,077 
Forestomach 

4 Squamous cell papilloma 

Glandular Stomach 

1 
1 

Adenomatous polyp 
Adenoma 

1 Adenocarcinoma 
-~ ~ 

(a) Data asof March 16,1983, for studies of a t  least 104 weeks 
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TABLE F21. HISTORICAL INCIDENCE O F  ZYMBAL GLAND TUMORS IN F344/N RATS AND B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

No.of Animals No. of Tumors in Diagnosis 
Examined Vehicle Controls 

Historical Incidence a t  Battelle Columbus Laboratories 

MALE RATS 

No tumors were observed in 100 animals. 

FEMALE RATS 

Chlorobenzene 50 0 
o-Dichlorobenzene 50 1 Adenocarcinoma, NOS 

MALE MICE 

No tumors were observed in 100 animals. 

FEMALE MICE 

No tumors were observed in 99 animals. 

Overall Historical Incidence 

MALE RATS 

1,146 	 1 Carcinoma, NOS 
3 Squamous cell carcinoma 

FEMALE RATS 

1,147 	 1 Carcinoma, NOS 
2 Squamous cell carcinoma 
1 Basal cell carcinoma 
1 Adenocarcinoma, NOS 

MALE MICE 

1,090 	 0 

FEMALE MICE 

1,187 	 1 Adenoma, NOS 

(a)Data as  of March 16,1983, for studiesofa t  least 104 weeks 
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APPENDIX G 

GENETIC TOXICOLOGY OF BENZENE, 


CATECHOL, AND HYDROQUINONE 
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TABLE G1. INDUCTION OF MICRONUCLEI IN PERIPHERAL NORMOCHROMATIC ERYTHROCYTES 
(NCE’s) O F  B6C3F1 MICE BY BENZENE 

Micronucleated NCE/1,000 NCE (a)

120 Days 54 Weeks 103 Weeks 


Dose Scorer  Male Female Male Female Male Female 


0 1 1.60 f 0.73 1.00 f 0.28 1.40 k 0.25 1.30 f 0.35 1.50 f 0.43 1.40 f 0.35 
2 0.80 f 0.52 1.20 f 0.44 0.70 k 0.25 1.10 k 0.41 1.40 f 0.43 0.30 f 0.15 

Pooled 1.20 f 0.46 1.10 f 0.26 1.05 f 0.19 1.20 -+ 0.27 1.45 f 0.30 0.85 & 0.23 

25 1 2.60 f 0.87 (b)0.60 f 0.22 1.40 f 0.38 1.10 k 0.26 1.60 f 0.32 0.80 k 0.30 
2 (b)2.40 f 0.60 1.80 f 0.33 1.00 k 0.25 1.30 k 0.40 1.80 f 0.40 (c) 1.40 f 0.45 

Pooled (b)2.50 f 0.54 1.20 k 0.28 1.20 f 0.23 1.20 k 0.24 1.70 k 0.25 1.10 f 0.28 

50 1 (c)5.00f 1.10 2.00 f 0.40 2.20 f 0.46 1.20 f 0.34 tb,d)2.80 f 0.77 1.40 f 0.05 
2 (b)3.20 f 0.66 1.60 f 0.67 1.50 f 0.29 0.90 f 0.39 tb,d)2.70 f 0.49 (c) 1.70 f 0.07 

Pooled (c)4.10 f 0.70 1.80 f 0.40 (b) 1.85 f 0.29 1.05 f 0.26 tb,d)2.75 f 0.46 tb) 1.55 f 0.45 

100 1 (c)4.60 f 1.15 1.00 f 0.28 (c)4.80 f 0.78 2.00 f 0.53 2.30 k 0.44 2.00 f 0.37 
2 (c)7.00 f 0.40 1.00 f 0.28 (c)4.70 f 0.58 1.80 f 0.51 (c)3.10f 0.78 (d1.80 f 0.34 

Pooled (c)5.80 f 0.72 1.00 f 0.20 tc)4.75 f 0.48 (b) 1.90 f 0.37 tb) 2.70 f 0.46 (b) 1.90 k 0.25 

200 1 (c)5.80 f 0.82 2.00 f 0.63 

2 (c)7.20 f 1.58 3.00 f 0.49 


Pooled (c)6.50 f 0.92 2.00 f 0.40 


400 1 (c)8.00 f 1.41 (b)2.60 f 0.22 

2 (c)9.00 f 1.20 (b)3.60 f 1.04 


Pooled (d8.50 f 1.10 td3.10 f 0.56 


600 1 (c) 10.60 f 1.56 (c)3.80 f 0.66 

2 (c)8.00 f 2.04 (b)3.60 f 0.36 


Pooled (c) 9.30 f 1.35 (c) 3.70 f 0.72 


(a)Values are mean k standard error of the mean. One thousand normochromatic cells were scored per animal by each scorer 
accordingto MacGregor et  al. (1983). Five animals per seddosed group were scored by each scorer from the 120-day exposures 
and 10 by each scorer from the 54- and 103-week exposures. Dosed groups were compared with the concurrent undosed 
sex/dose/time group by the binomial comparison of Kastenbaum and Bowman (1 970). 
(b)P 5 0.05 
(c)P s 0.01 
(d)One outlier was excluded from this group. The values excluded were 12 and 14 per 1,000NCE by scorers 1and 2, 
respectively. 
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TABLE G2. MUTAGENICITY OF CATECHOL IN SALMONELLA 

Strain Dose -s9 
Wplate) 

TA 100 0 124 f 9.9 
33 126 f 1.5 

100 142 f 12.2 
333 124 f 6.6 

1,000 83 f 8.0 
3,333 Toxic 

TA1535 0 25 f 6.0 
33 22 f 1.3 

100 20 f 3.5 
333 18 f 0.3 

1,000 5 k 1.3 
3,333 Toxic 

TA1537 0 11 f 2.7 
33 12 f 1.0 

100 12 f 1.8 
333 12 f 1.5 

1,000 12 f 1.8 
3,333 Toxic 

TA98 0 25 f 2.4 
33 18 2 4.1 

100 18 f 1.5 
333 17 f 0.7 

1,000 25 -+ 2.3 
3,333 Toxic 

Revertantdplate (a) 
tS9(rat)  

138 f 7.0 

132 f 12.8 

129 k 2.8 

140 It 10.9 

154 f 19.4 

155 k 15.7 


12 f 2.9 

15 f 0.9 

10 f 1.7 

16 f 0.3 

23 f 4.0 

20 +_ 2.0 


20 rt 0.3 

20 k 3.2 

27 k 1.9 

23 f 3.5 

23 rt 1.9 

16 f 3.7 


22 f 5.0 

35 -+ 4.7 

31 f 6.5 

28 2 1.8 

24 f 1.9 

36 f 1.9 


tS9 (hamster) 

131 f 7.3 

125 f 8.7 

141 f 6.9 

148 f 9.0 

161 f 15.3 

167 f 8.1 


14 2 0.9 
13 f 2.9 
14 f 2.5 
13 f 2.1 
16 f 1.9 
20 f 3.2 

26 f 3.5 
21 f 2.8 
24 f 1.3 
22 f 3.5 
23 f 4.0 
20 f 4.3 

35 f 3.4 
37 f 4.1 
30 f 2.8 
28 f 2.3 
34 k 2.5 
36 f 2.4 

(a)  The S9 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and test compound or solvent (water) were incubated for 20 min a t  37" C in the presence of either S9 or buffer 
(Yahagi e t  al., 1975). After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the 
plates were incubated a t  37°C for 48 h (Ames et  al., 1975). The experiment was performed twice, each in triplicate; because the 
results were similar, data from only one experiment are shown. 
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TABLE G3. MUTAGENICITY OF HYDROQUINONE IN SALMONELLA 

Strain Dose -s9 
(pg/plate) 

TA100 0 100 f 3.0 
10 97 f 1.5 
33 107 f 6.7 

100 108 f 3.9 
333 Toxic 
666 

TA1535 0 15 f 1.2 
10 15 f 2.7 
33 9 f 1.2 

100 8 f 1.2 
333 Toxic 
666 

TA1537 0 8 k 0.3 
10 7 f 0.7 
33 6 f 0.9 

100 5 f 1.8 
333 Toxic 
666 -_  

TA98 0 20 f 1.5 
10 19 k 1.7 
33 22 f 3.7 

100 18 f 0.5 
333 Toxic 
666 

Revertantslplate (a) 
t 59 (rat) 

121 f 9.7 

122 f 4.0 

127 f 7.8 

92 f 2.6 

80 f 5.5 


115 k 13.3 


7 f 2.0 
11 f 2.5 
11 k 1.3 
7 f 0.6 
8 k 1.3 
9 f 1.2 

7 f 1.5 
6 f 2.0 
7 k 1.2 
7 k 1.2 
6 f 1.2 
8 k 0.7 

23 f 1.7 

25 -+ 5.5 

26 k 3.0 

21 f 5.9 

25 f 2.2 

17 k 2.6 


t S9 (hamster) 

90 f 0.0 

122 f 16.7 

108 f 15.7 

107 f 10.1 

112 f 13.7 

123 f 16.0 


7 f 0.3 
9 f 1.8 
8 f 0.9 

11 f 2.3 
11 f 0.3 
8 f 2.1 

8 f 2.2 
7 f 2.0 
8 k 0.7 

10 f 2.7 
6 k 1.5 
8 f 0.9 

30 f 0.9 
30 f 1.0 
29 f 0.6 
25 f 0.9 
26 f 4.1 
29 k 1.2 

(a) The S9 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and test compound or solvent (water) were incubated for 20 min a t  37' C in the presence of either S9 or buffer 
(Yahagi e t  al., 1975). After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the 
plates were incubated at 37" C for 48 h (Ames et  al., 1975). The experiment was performed twice, each in triplicate; because the 
results were similar, data from only one experiment are shown. 
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TABLE G4. CYTOGENETIC EFFECTS O F  HYDROQUINONE IN CHINESE HAMSTER OVARY (CHO) CELLS 

Sister-Chromatid Exahanges (a) 

-99 
Dose 

(pdml) 

DMSO (10 pl) 

0.50 
1.67 
5.00 

Mitomycin C (0.005) 

Chromosomal Aberrations (c) 

-99 
Dose 

(pdml)  

DMSO (10 pl) 

5.0 

7.5 


10.0 

20.0 


Mitomycin C (1) 


SCE/Cell 

7.7 

11.2 
17.7 
20.8 

33.3 

Abs/100 Cells 
(percent cells w/abs) 

3 (3) 

2 (2) 
2 (2)

>4(4)  
5(8)

20 (20) 

tS9 (b)
Dose 

(pdml)  

DMSO (10 pl) 

600 
700 
800 

Cyclophosphamide(1.5) 

tS9 (b)
Dose 

(pdml)  

DMSO (10 pl) 

150 

450 

600 


Cyclophosphamide (25) 

SCE/Cell 

9.3 

15.4 
18.5 
17.6 

25.1 

AbsllOO Cells 
(percent cells w/abs) 

1(1) 

5 (4)

22 (17) 


>29 (19) 


20 (18) 

(a)In the absence of S9,CHO cells were incubated with test compound or solvent for 2 hours a t  37" C. BrdU then was added, and 
incubation continued for 2 hours. Cells were washed, fresh medium containing BrdU (0.10 pM)and colcemid (0.1 pg/ml) was 
added, and incubation was continued for 2-3 hours. Cells then were collected by mitotic shake-off, treated for 3 minutes with 
KCl(75 mM), washed twice with fixative, and dropped onto slides and air-dried. Staining was by a modified technique (after 
Perry and Wolff, 1974; Goto et  al., 1978). In the presence of S9, cells were incubated with test compound or solvent for 2 hours at 
37' C. Then cells were washed, and medium containing 10 mM BrdU was added. Cells were incubated for another 26 hours, 
with colcemid (0.1 pg/ml) present for the final 2-3 hours. 
(b)S9from the livers ofAroclor 1254-induced male Sprague-Dawley rats 
(c) In the absence of S9,CHO cells were incubated with test compound or solvent for 8-10 hours a t  37" C. Cells were then 
washed, and fresh medium containing colcemid (0.1 pg/ml) was added. After another 2-3 hours of incubation, cells were 
harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. In the presence of S9,cells were incubated with test compound 
or solvent for 2 hours a t  37" C. Cells then were washed, medium was added, and incubation continued for 8-10 hours. Colcemid 
(0.1 pg/ml) was added for the last 2-3 hours of incubation; then cells were harvested and fixed as above. 
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APPENDIX N. CHEMICAL CHARACTERIZATION 

I. 	 Identity and Purity Determinations of Lot No. AB223 Performed by the Analytical 
Chemistry Laboratory 

A. Physical Properties 

1. Boiling Point: 

2. Density: 

3. Appearance: 

B. Spectral Data 

1. Infrared 

a. Instrument: 

b. Cell: 

c. Results: 

2. UltravioletNisible 

a. Instrument: 

b. Solvent: 

c. Results: 

Determined 

80.0"-80.5"C 
(visual micro- 
boiling point) 

Determined 

d!:: 0.8719 k 0.0018 

Clear, colorless liquid 

Determined 

Beckman IR- 12 

Thin film between 
silver chloride plates 

See Figure 9 

Determined 

Cary 118 
There were no 
absorbances from 
800-350 nm 
(visible region) 

Cyclohexane 

Amax (nm) Emax 

268 8.6f 0.6 
261 116.1 f 9.6 
254 167.0k 18.8 
248 139.0C 11.8 
243 87.6f 7.9 

Literature Values 

80.1"C (Merck Index, 1976) 

Literature Values 

d15 : 0.8787(Merck Index, 1976)
4 


Literature Values 

Consistent with spectrum 
(Sadtler Standard Spectra) 

Literature Values 

Cyclohexane 

Amax (nm) Emax 

268 
260 
254 
250 
243 
239 
234 

13.54 
149.00 
212.21 
168.56 
99.33 
52.68* 
31.60* 

* Broad and poorly resolved 
(Calculated from literature 
spectrum: Sadtler Standard Spectra) 
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FIGURE 9. INFRARED ABSORPTION SPECTRUM OF BENZENE (LOT NO: AB223) 




	

	

	

	

	

APPENDIX H. CHEMICAL CHARACTERIZATION 

3. 	 Nuclear Magnetic Resonance 

Deter mined Literature Values 

a. Instrument: Varian EM-360-A 

b. Solvent: Neat, with tetramethylsilane 
internal standard 

c. Assignments: See Figure 10 Consistent with spectrum 
(Sadtler Standard Spectra) 

d. Chemical Shift (6): s, 7.17ppm 

e. Integration Ratios: 6.00 

C. Elemental Analysis 

Element 	 C H 

Theory 	 92.26 7.74 

Determined 	 92.44 7.72 
92.48 7.65 

D. Chromatographic Analyses 

1. Gas Chromatography 

a. System 1 

Instrument: Varian 3700 
Detector: Flame ionization 
Column: 10% Carbowax 2OM-TPA on 80/100 Chromasorb W(AW), 
1.8m X 4 mm ID, glass 
Inlet temperature: 200" C 
Detector temperature: 250"C 
Carrier gas: Nitrogen 
Carrier flow rate: 70 ml/min 
Oven temperature program: 5 min a t  50"C, 50"-200°C a t  lO"/min 
Sample injected: Neat liquid (6 pl) and 1.0% and 0.4% in hexanes to 
quantitate the major peak and check for detector overload. 

Results: Major peak and four impurities. The combined area of all four impurities was 
0.2% of the major peak area. All impurities eluted before the major peak. 
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FIGURE 10. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF BENZENE (LOT NO. AB223) 
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APPENDIX H. CHEMICAL CHARACTERIZATION 


Lot No. AB223 

Retention Time Area 
Retention Relative (percent of 

Peak No. Time (min) to Benzene benzene) 

1 0.55 	 0.18 0.03 
2 0.74 	 0.23 0.05 
3 0.94 	 0.30 0.08 
4 1.17 	 0.37 0.04 
5 3.16 	 1.oo 100.00 

Lot No. AB490 

Retention Time Area 
Retention Relative (percent of 

Peak No. Time (min) to Benzene benzene) 

1 0.63 0.20 0.02 
2 0.79 0.28 0.09 
3 1-00 0.32 0.14 
4 1.26 0.40 0.04 
5 3.16 1.00 100.00 

b. System 2 

Instrument: Varian 3700 
Detector: Flame ionization 
Column: GP 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 
1.8m X 4mm ID, glass
Inlet temperature: 200" C 
Detector temperature: 250" C 
Carrier gas: Nitrogen
Carrierflow rate: 70 ml/min 
Oven temperature program: 5 min at 50"C, 50"-170" C a t  lO"/min 
Sample injected: Neat liquid (7 pl) and 1.0% and 0.5% in methanol to 
quantitate the major peak and check for detector overload. 

Results: Major peak and five impurities. The combined area of all five impurities was 
<0.09% of the major peak area. One impurity eluted before the major peak. The other 
four impurities eluted after the major peak. 

Retention Time Area 
Retention Relative (percent of 

Peak No. Time (min) to Benzene benzene1 

1 5.0 	 0.77 0.01 
2 6.5 	 1.oo 100.00 
3 8.2 	 1.26 0.01 
4 9.1 	 1.40 0.02 
5 10.8 	 1.65 0.04 
6 12.8 	 1.97 0.01 

F. 	 Conclusions: The elemental analyses for carbon and hydrogen were in agreement with the 
theoretical values. Gas chromatography by one system indicated four impurities with total 
combined areas of 0.2% of the major peak area. A second gas chromatographic system indi- 
cated five impurities that totaled <0.09% of the major peak area. The infrared, ultra- 
violet/visible, and nuclear magnetic resonance spectra were consistent with the structure. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

II. 	Test Chemical Stability Study of Lot No. AB223 Performed by the Analytical Chemistry 
La bora tory 

A. Sample Storage: Samples of benzene were stored for 2 weeks a t  -20", 5", 25",or 60"C in 
glass tubes with Teflon@-lined lids. 

B. 	 Analytical Method: Samples stored at each of the above temperatures were analyzed by 
making 1.0% solutions of the samples in hexane containing 1.0%n-decane internal standard 
and comparing by the following gas chromatographic system. 

1. 	 Instrument: Varian 3700 
2. 	 Detector: Flame ionization 
3. 	 Column: 10%Carbowax 2OM-TPA on 80/100 Chromasorb W(AW1, 


1.8m X 4mmID,glass 

4. 	 Inlet temperature: 200"C 
5. 	 Detector temperature: 250"C 
6. 	 Carrier gas: Nitrogen 
7. 	 Carrierflow rate: 70 mumin 
8. 	 Oven temperature program: 50"C, isothermal 

C. 	 Results: Retention times were 3.2 minutes for benzene and 5.3 minutes for n-decane. The 
areas of benzene peaks were compared with the area of the n-decane peak in the same 
injection. These areas, adjusted for the weight of the sample, were then compared with the 
area of the benzene peak of the sample stored at -20°C. 

Storage Temljerature Percent Benzene 

-20"c 	 100.0 k 1.3+ 	5°C 100.4 k 1.3+25"C 	 100.0 k 1.3+60" C 	 100.0 k 1.3 

D. 	Conclusion: Benzene is stable as the bulk chemical for 2 weeks at temperatures of up to 
60" C. 

235 	 Benzene, NTP TR 289 



	

	


















	

APPENDIX H. CHEMICAL CHARACTERIZATION 

III. Test Chemical Stability Study of Lot No. AB223 Performed by the Testing Laboratory 

A. 	 Storage Conditions: Reference samples of benzene were stored in screwcap glass vials at 
room temperature. The bulk chemical was also stored a t  room temperature. 

B. 	 Analytical Methods 

1. Gas Chromatography 

a. Instrument: Varian 2100 Gas Chromatograph with CDS l l l L  Data System 
b. Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport 
c. Detector temperature: 230" C 
d. Injector temperature: 150°C 
e. Temperature program: 50°C for 3 min, then 5Oo-170"C at @/min 
f. Carrier gas: Nitrogen 
g. Carrierflowrate: 20 mumin 
h. Sample size: 1p1 
i. Concentrations: Neat liquid and 1.0% benzene in methanol 

2. Infrared: Digilab FTS-10 (Fourier Transform IR System); samples run as a liquid 
betwesn plates. 

C. Results 

1. Gas Chromatography 

Date Percent Impurities Percent Purity (a) 

11/07/79 <0.09 99.94 

12/10/79 <0.09 99.94 

5/09/80 <0.09 99.94 

7/24/80 <0.07 99.94 

12/29/80 <0.07 99.93 

5/01/81 <0.08 99.92 

8/10/81 <0.07 99.94 

8/08/82 <0.08 99.93 


(a)Relative to total peak area 

2. Infrared: All spectra were similar to those prepared by the analytical chemistry 
laboratory and were identical to those of the reference sample. 

D. Conclusion: No measurable degradation of the bulk chemical was observed over the course 
of the 2-year studies. 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 

I. 	 Studies Conducted at the Analytical Chemistry Laboratory 

A. 	 Sample and Storage: A stock solution was prepared by pipetting 2 ml (1.75 f 0.01 g) of 
benzene into a 60-ml septum vial and adding 43.9407 f 0.0001 g of corn oil. The vial was 
sealed, shaken on a vortex mixer for 1minute, and placed in an  ultrasonic vibratory bath for 1 
minute. The final benzene concentration was 3.83% k 0.02% (w/w). As soon as  the solution 
had been prepared, 10 accurately weighed 2.0-g aliquots were removed and sealed in separate 
60-ml septum vials (Microsep F-138 gas chromatography septa with Teflon@ film facing, from 
Canton Bio-medical Products, Inc.). Duplicate aliquots were used as initial, or zero-time, 
samples and for storage a t  room temperature (25°C) for 1 ,4 ,5 ,  and 7 days, respectively. 

B. 	 Sample Extraction and Analysis: Extracting solvent containing an internal reference 
standard was prepared by pipetting 3 ml (2.60 * 0.01 g) of toluene into a l-liter volumetric 
flask and filling to the mark with absolute methanol. Concentration of reference standard: 
2.60 f 0.01 mg/ml. 

To extract each sample aliquot, the septum vial was opened, 40 ml of the extracting solvent 
was added by volumetric pipette, and the vial was immediately resealed. The corn 
oiVmethano1 mixture was manually shaken for 1 minute, agitated on a vortex mixer for 1 
minute, and placed in an ultrasonic bath for 2 minutes. After the bulk of the two phases had 
separated, the methanol layer was centrifuged for 5 minutes to clarify it, and a 5-ml aliquot 
was transferred to an 8.5-ml septum vial. This aliquot of the methanol solution was analyzed 
by the gas chromatographic system outlined below: 

1. 	 Instrument: Bendix 2500 with Hewlett-Packard@ 3380A Automatic Integrator 
2. 	 Column: 20 SP2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport, 


1.8m X 4mmID,glass. 

3. 	 Detection: Flame ionization 
4. 	 Temperatures: 

a. Inlet, 150°C 
b. Oven, 70"C, isothermal 
c. Detector, 225°C 

5. 	 Carrier gas: Nitrogen 
6. 	 Flow rate: 40 ml/min 
7. 	 Retention times: 

a. Test chemical, 2.6 min 
b. Reference standard, 5.6 min 

C. Quality Control Protocols: 	 Analyses were performed in duplicate with toluene as an  
internal reference standard. Recovery studies (zero-time samples) were performed in dupli- 
cate a t  the same concentration as the test samples, both a t  the start and at  the end of the 7- 
day period. Gas chromatographic linearity was determined with standard solutions in 
methanol a t  1.97, 2.81, and 3.51 mg/ml concentrations from the benzene and 1.94, 2.77, and 
3.46 mg/ml for the toluene internal reference. The least-squares plot correlation coefficients 
were 0.998 for the test chemical and 0.996 for the internal reference (effectively 1.0, linear). 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 

D. 	Results: 
Average Percent 

Chemical Found in 
Storage Time (days) ChemicaWehicle Mixture(a) (b) 

1 	 (d3.78 f 0.04 
4 	 3.80 f 0.04 
5 	 3.83 k 0.04 
7 	 3.82 f.0.04 

(a)Zero-time recovery yield, 100.0% f0.9%. 

(b)Target concentration of chemical in corn oil, 3.83% f0.02%. 

(c)Mean f standard deviation 


E. 	 Conclusion: Benzene mixed with corn oil a t  a concentration of 4% is stable when stored at  
room temperature (25' C)for 7days. 

II. 	 Studies Conducted at the Testing Laboratory 

Preparation Procedure: A weighed quantity of benzene was added to the appropriate volume 
of corn oil and mixed in a graduated mixing cylinder by stoppering the cylinder and inverting 21 
times. The total quantity of solution mixed weekly for each concentration varied according to the 
growth stage of the animals. As an example, the highest dose concentration for the mice was 
prepared first by weighing out and mixing 5.0 g of the chemical with sufficient corn oil to make a 
volume of 250 ml (20 mg/ml). When mixed, 125 ml was withdrawn, added to 125 ml of corn oil, 
and mixed to give a second dose concentration of 10 mg/ml. One hundred twenty-five milliliters 
was removed from this solution and combined with 125 ml corn oil to yield a third dose with a 
concentration of 5 mg/ml. 

Each week, separate batches were mixed for each concentration. After they were mixed, five 
daily aliquots were dispensed to glass containers (one for each sex and each concentration) and 
stored at  room temperature until the day of first use. Dose mixtures were routinely prepared no 
more than 7 days before the first day of use and were routinely used within 2 weeks of 
preparation. 
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APPENDIX J. METHODS OF ANALYSIS 

I. Testing Laboratory 

Procedure: Standards were prepared by serial dilution of 40.0, 20.0, 10.0, and 5.0 mg benzene 
per 1.0 ml corn oil. One-ml aliquots of standards and samples were extracted with 9.0 ml of 
extracting solvent (a). The mixtures were vortexed and centrifuged, and a 5.0-ml portion of the 
clear extracted solvent was removed and analyzed by gas chromatography. Concentrations were 
determined by the internal standard calculation method, and analyses were done in duplicate. 

Instrument: Varian Aerograph 2100-Gas Chromatograph with CDS 111L Data System 
Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport 
Detector temperature: 230" C 
Injector temperature: 150°C 
Temperature program: 70"C isothermal 
Carrier gas: Nitrogen 
Flow rate: 40 ml/min 
Sample size: 2 p1 

t(a) Methanol containing toluene as an internal standard at a concentration of 2.6 mg/ml 

II. Analytical Chemistry Laboratory 

Procedure 

A. 	 Preparation of Standard Spiked Corn Oil: Two standard solutions of benzene were 
prepared independently. These solutions were further diluted with methanol to span the 
range of the sample. Aliquots (20 ml) of the six standard solutions were pipetted into 
individual 35-ml septum vials containing 2 g of undosed corn oil to make spiked corn oil 
standards bracketing the specified dose range of the referee sample. One 35-ml septum vial 
containing 2 g of undosed corn oil was treated with 20 ml of methanol for use as a blank. The 
spiked corn oil and the corn oil blank were extracted immediately and were analyzed 
according to the procedure below. 

B. 	 Preparation of the Referee Sample: Triplicate weights of the dosed referee corn oil 
sample (approximately 2 g each) were transferred to individual 35-ml septum vials and were 
weighed to the nearest 0,001g. Methanol (20 ml) was pipetted into each vial; then the 
samples were extracted immediately and were analyzed according to the procedure below. 

C. 	 Analysis: The vials were sealed, vigorously agitated for 10 seconds on a vortex mixer, and 
then shaken for 15 minutes on a Burrell Model 75 Wrist-Action@ shaker. After the extrac- 
tion mixtures were centrifuged for 3 minutes, a 5-ml aliquot of the upper methanol layer 
from each vial was combined with 5 ml of internal standard solution (as above) in individual 
35-ml septum vials. The vials were sealed, and the solutions were thoroughly mixed; then 
the benzene content of each solution was determined by gas chromatography. 
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APPENDIX J. METHODS OF ANALYSIS 


1. 	 Instrument: Varian 3700 Gas Chromatograph with CDS 111-C integrator 
2. 	 Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 


1.8m X 4 mm ID, glass 

3. 	 Detection: Flame ionization 
4. 	 Detector temperature: 220" C 
5. 	 Inlet temperature: 150°C 
6. 	 Temperature program: 70"C, isothermal 
7. 	 Carrier gas: Nitrogen 
8. 	 Flow rate: 30 mumin 
9. 	 Volume of solution injected: 3 pl 

10. Retention times: Benzene--2.4 min; toluene internal standard--4.8 min 

D. 	 Quality Assurance Measures: The dosed referee corn oil sample was analyzed in 
triplicate, and the corn oil blank sample was analyzed once. Individually spiked portions of 
undosed corn oil (six concentrations) prepared from two independently weighed standards 
were used for obtaining standard curve data. The dosed referee corn oil sample, spiked corn 
oil standards, and corn oil blank samples were all extracted and analyzed according to the 
same procedure. Triplicate injections of each standard and sample were made into the gas 
chromatograph in a randomized order. 

Results were computed from the linear regression equation obtained by plotting the ratio of 
the peak area of each spiked corn oil sample to the peak area of the internal standard versus 
the milligrams of chemical in the respective spiked corn oil sample. The linearity of the 
standard curve data was evaluated by the regression equation. 
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TABLE K1. RESULTS O F  ANALYSIS OF DOSE MIXTURES IN THE SEVENTEEN-WEEK 
GAVAGE STUDIES O F  BENZENE 

Concentration (a)of Benzene in  Corn  Oil 
Date Mixed for Target Concentration (120 mg/ml) 

1/24/79 128mg/ml 

~~ 

(a)Results of duplicate analysis 

TABLE K2. ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
BENZENE 

Concentration (a)of Benzene 
Date Mixed in Corn  Oil for Target Concentration (mdml) 

5 10 20 40 

12/4/79 5.4 9.5 19.1 38.2 

1/24/80 4.8 10.9 21.6 39.3 

3/19/80 5.1 10.1 20.2 38.0 

6/5/80 5.0 10.9 20.6 40.5 

7/14/80 5.4 11.0 21.4 41.7 

911 1/80 4.7 9.8 20.4 40.9 

11/6/80 5.1 10.6 20.1 37.1 

118181 5.2 10.3 20.7 41.3 

2126181 5.5 10.3 21.4 37.5 

4/23/81 5.4 10.7 21.1 37.2 

6/4/81 5.4 10.9 19.8 38.9 

811 318 1 5.2 10.7 21.2 41.5 
10115/81 5.2 10.0 20.2 41.0 
12/17/81 4.6 9.4 20.4 -_  

Mean (mg/ml) 5.1 10.4 20.6 39.5 
Standard deviation 0.28 0.54 0.70 1.75 
Coefficientofvariation (percent) 5.5 5.2 3.4 4.4 
Range (mg/ml) 4.6-5.5 9.4-11.0 19.1-21.6 37.1-41.7 

(a)Results of duplicate analysis 

TABLE K3. RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR GAVAGE STUDIES 
OF BENZENE 

Target Concentration Determined Concentration 
Date Mixed (mg/ml) Testing Laboratory Referee Laboratory (a) 

3/19/80 10.0 10.1 10.1 
7/14/80 40.0 41.7 37.1 
2126181 20.0 21.4 (b)16.0 
811 318 1 5.0 5.2 5.4 

(a)Results of triplicate analysis 

(b)Analyzed 19days after mixing; low value may be due to evaporation. 
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APPENDIX L. SENTINEL ANIMAL PROGRAM 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect test results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the test rooms. These animals are 
untreated, and these animals and the test animals are both subject to identical environmental 
conditions. The sentinel animals come from the same production source and weanling groups as the 
animals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex are selected a t  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12,and 18 months on study. Data from animals surviving 24 months are collected 
from 6/50 randomly selected vehicle control animals of each sex and species. The blood from each 
animal is collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to 
Microbiological Associates’ Comprehensive Animal Diagnostic Service for deter-mination of the viral 
antibody titers. The following tests are performed: 

Hemagglutination 
Inhi bi tion 

Complement 
Fixation -Elisa 

Mice 
PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
GDVII (Theiler’s encephalomyelitis 

M.Ad. (mouse adenovirus) 
LCM (lymphocytic chorio- 

meningitis virus) 

MHV (mouse 
hepatitis virus) 

virus) 
Poly (polyoma .virus) 
MVM (minute virus of mice) 
Ectro (ectromelia virus) 
Sendai 

Rats 
PVM RCV (rat coronavirus) 
Sendai 
KRV (Kilham rat virus) 
H-1 (Toolan’s H-1 virus) 

II. Results 

See Table L1. 
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TABLE L1. MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF BENZENE (a) 

Interval (months) 
No. of 

Animals 
Positive Serologic 

Reaction for 

RATS 

6 9110 KRV 

12 7/10 KRV 

18 7110 KRV 

24 7110 KRV 

MICE 

6 0110 None positive 

12 018 None positive 

18 1/10 
1/10 

PVM 
RE03 

24 1/10 MVM 

(a)Blood samples were taken from sentinel animals at 6,12, and 18months after the start of dosing and from the vehicle control 
animals just before they were killed; samples were sent to Microbiological Associates, Inc. (Bethesda, MD) for the Animal 
Disease Screening Program. 
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TABLE M l .  HEMATOLOGIC DETERMINATIONS IN RATS IN THE SEVENTEEN-WERK GAVAGE 
STUDIES OF BENZENE (a) 

Doses (mn/kn)
0 25 50 100 aoo 400 600 

MALE 

Day 60 

WBC mean 6.4 (b)2.5 (b)1.7 

SEM 1.2 0.1 0.2 


LYM mean 5.8 (b)2.0 (b)1.3 

SEM 1.1 0.1 0.2 

Day 120 

WBC mean 5.0 (4) (b)7.0 5.7 6.0 5.2 3.5 (4) 3.1 (1)
SEM 0.5 0.3 0.3 0.8 0.5 0.5 

LYMmean 4.1 (4) 5.1 3.9 3.9 3.4 (b)2.3 (4) 2.4 (1)
SEM 0.5 0.3 0.2 0.5 0.4 0.3 

FEMALE 

Day 60 

WBC mean 4.3 (b)2.3 (b)1.7 

SEM 0.9 0.4 0.1 


LYM mean 3.8 (b)1.9 (b)1.5 

SEM 0.8 0.3 0.1 


Day 120 


WBC mean 8.1 (4) (b)6.2 (b)4.9 (b)5.0 (b)4.8 (b)3.4 (b)3.8 

SEM 0.6 0.6 0.3 0.3 0.3 0.2 0.3 


LYM mean 6.6 (4) (b)4.7 (b)3.9 (b) 3.6 (b)3.7 (b)2.7 (b)2.8 

SEM 0.5 0.4 0.3 0.3 0.2 0.2 0.3 

(a)Means are /mm3 x 10s for white blood cells (WBC)and lymphocytes (LYM) f standard error of the mean (SEM).
N = 5 for all determinations except as noted in parentheses. 

(b)Pe0.06for dosed vs vehicle control by Dunnett’s test (Miller, 1981) 

Benzene,NTP TR 289 252 





































TABLE ~ a .HEMATOLO~ICDETERMINATIONS IN MICE IN THE SEVENTEENWEEK GAVAGE 
STUDIES OF BENZENE (a) 

Doses (mnflcn)
0 26 50 100 200 400 600 

~~ ~ 

MALE 

Day 60 

WBC mean 14.4 11.8 13.6 

SEM 2.1 2.5 2.8 


LYM mean 11.4 8.8 10.7 

SEM 1.7 1.7 2.O 

Day 120 

WBC mean 6.7 5.4 (b) 4.4 (4) (b)3.3 (b)3.8 (b)2.9 (b)3.0 

SEM 0.1 0.6 0.3 0.1 0.2 0.3 0.4 


LYM mean 5.2 4.2 (b)3.1 (4) (b)2.2 (b)2.3 (b) 1.6 (b) 1.6 

SEM 0.1 0.6 0.4 0.2 0.2 0.04 0.3 

FEMALE 

Day 60 

WBC mean 8.2 (4) 8.1 11.5 

SEM 2.5 2.0 2.9 


LYM mean 6.5 (4) 6.7 9.6 

SEM 1.8 1.6 2.6 


Day 120 

WBC mean 6.0 4.2 4.6 3.7 4.6 3.8 (b)2.7 

SEM 1.6 0.2 0.2 0.4 0.4 0.4 0.3 


LYM mean 4.7 3.0 3.6 2.8 3.2 (b) 2.6 (b)1.8 

SEM 1.2 0.2 0.3 0.3 0.3 0.2 0.2 

(a)Means are /mm3 X lO3for white blood cells (WBC)and lymphocytes (LYM) f.standard error ofthe mean (SEM). 
N = 5 for all detetminations except as  noted in parentheses. 

(b)P<0.05 for dosed vs vehicle control by Dunnett’e test (Miller, 1981) 
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APPENDIX N. HEMATOLOGIC DETERMINATIONS 

I. SUMMARY OF RESULTS 

A. White Blood Cells--Rats 

For males, significant dose and interaction terms (P<O.O2) in the analyses of variance 
(Table N11 suggest a strong but temporally variable dose effect. The plot of the dose group 
means (Figure 11)over time gives evidence of a compound-induced depression of white blood 
cell (WBC) counts over the first 18 months of study (Table N2). Although there is a dif
ference in vehicle control group means for groups B and C a t  12 months, there is reasonable 
consistency in the relationship of vehicle control and dosed group means a t  this time. Dosed 
females also exhibited lowered WBC counts relative to those of vehicle controls for the first 
year of study, but this result is questionable because of evidence of a dose-related predosing 
(time 0)depression in WBC count. An inconsistent pattern of response in the last half of the 
study gives little suppport for systematic dose-related differences in WBC’s for females 
during this period. Analysis specific to lymphocytes is presented in Tables N3 and N4. 

TABLE N1. WHITE BLOOD CELLS IN RATS: ANALYSES OF VARIANCE 

MALE FEMALE 
SOURCE DF(a) MS(b) F PROB>F DF(a) MS(b) F PROB>F 

0-3 MONTHS (CROUP C) 
DOSE 3 13.31 10.12 <0.001 3 14.22 9.50 <0.001 
ANIMAL (DOSE) 
TIME 

36 
1 

1.32 
7.75 3.79 0.060 

36 
1 

1.50 
65.50 57.89 <0.001 

DOSETIME 3 15.45 7.56 <0.001 3 5.39 4.76 0.007 
ERROR 35 2.04 35 1.13 

6-9 MONTHS (CROUP C) 
DOSE 3 24.63 31.64 <0.001 3 3.56 5.50 0.003 
ANIMAL (DOSE) 
TIME 

32 
1 

0.78 
12.30 25.27 <0.001 

35 
1 

0.65 
23.38 54.44 <0.001 

DOSETIME 3 2.05 4.20 0.019 3 0.20 0.46 0.715 
ERROR 19 0.49 27 0.43 

12 MONTHS (GROUPC) 
DOSE 3 10.93 9.74 <0.001 3 1.74 8.33 <0.001 
ERROR 21 1.12 27 0.21 

12-21MONTHS (GROUP B) 
DOSE 3 33.70 17.45 <0.001 3 3.03 1.19 0.329 
ANIMAL (DOSE) 
TIME 

30 
3 

1.93 
9.38 15.74 <0.001 

35 
3 

2.56 
0.93 1.09 0.357 

DOSETIME 9 3.29 5.52 <0.001 9 1.29 1.51 0.155 
ERROR 57 0.60 94 0.85 

24 MONTHS (GROUP B) 
DOSE 3 0.52 0.39 0.762 3 2.37 0.86 0.477 
ERROR 10 1.32 23 2.76 

24 MONTHS (GROUP A) 
DOSE 3 30.71 1.10 0.353 3 36.09 2.71 0.049 
ERROR 76 27.82 98 13.33 

(a)DF = degrees of freedom 
(b)MS = mean square 
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TABLE N% WHITE BLOOD CELLS IN RATS DESCRIPTIVE STATISTICS 

DOSE 
(WvW 

MALE 
MEAN STANDARD 

ERROR 
N DOSE 

(mgflrg) 

FEMALE 
MEAN STANDARD 

ERROR 
N 

0 MONTHS (GROUP C) 

0 
50 
100 
200 

8.05 
(a) 6.03 

8.53 
7.59 

0.54 
0.34 
0.63 
0.48 

10 
10 
10 
10 

0 
25 
50 
100 

8.74 
(a) 6.25 

7.97 
7.70 

0.55 
0.32 
0.48 
0.39 

10 
10 
10 
10 

3 MONTHS (GROUP C) 

0 
50 
100 
200 

8.77 
(b)7.04 
(a)5.77 
(a) 6.15 

0.29 
0.36 
0.19 
0.24 

10 
9 
10 
10 

0 
25 
50 
100 

7.17 
(b)5.79 
(a) 5.35 
(a) 5.01 

0.37 
0.22 
0.17 
0.20 

10 
10 
10 
9 

6 MONTHS (GROUP C) 

0 
50 
100 
200 

7.30 
(a) 5.40 
(a) 4.40 
(a) 3.42 

0.43 
0.38 
0.14 
0.14 

0 
25 
50 
100 

5.34 
(b)4.53 
(b)4.57 
(b)4.46 

0.27 
0.24 
0.17 
0.35 

10 
10 
10 
9 

9 MONTHS (GROUP C) 

0 6.00 
50 (a) 3.76 
100 (a) 2.86 
200 (a) 3.63 

0.36 
0.15 
0.22 
0.41 

0 
25 
50 
100 

4.37 
(b)3.42 
(a)3.29 
(a)2.67 

0.36 
0.28 
0.13 
0.18 

7 
6 
10 
8 

12 MONTHS (GROUP C) 

0 
50 
100 
200 

5.30 
(a) 2.70 
(a) 2.56 
(a) 2.62 

0.67 
0.26 
0.37 
0.28 

6 
6 
7 
6 

0 
25 
50 
100 

2.29 
(b)1.53 
(a) 1.26 
(a)1.39 

0.28 
0.08 
0.09 
0.08 

8 
6 
9 
8 

12 MONTHS (GROUP B) 

0 8.12 
50 (a)5.01 
100 (a)4.20 
200 (a) 2.97 

0.90 
0.29 
0.31 
0.10 

0 
25 
50 
100 

3.44 
3.56 
3.09 
2.71 

0.25 
0.33 
0.17 
0.24 

9 
9 
8 
8 
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TABLE N2. WHITE BLOOD CELLS IN RATS: DESCRIPTIVE STATISTICS (Continued) 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 

( m g w  ERROR (mg/kg) ERROR 

15 MONTHS (GROUP B) 

18 MONTHS (GROUP B) 

21 MONTHS (GROUP B) 

0 5.76 
 
50 (a)3.56 
 
100 (b)4.30 
 
200 5.80 
 

24 MONTHS (GROUP B) 

24 MONTHS (GROUP A) 

(a) = Significantly different from control group mean iP=0.01)
(b) = Significantly different from control group mean (P=0.05) 
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FIGURE 11. RESULTS OF WHITE BLOOD CELL COUNTS IN RATS IN THE 
TWELVE- AND TWENTY-FOUR-MONTH GAVAGE STUDIES OF BENZENE 
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TABLE N3. LYMPHOCYTES IN RATS: ANALYSES OF VARIANCE 

SOURCE DF(a) 
MALE 

MS(b) F PROB>F DF(a) 
FEMALE 

MS(b) F PROB>F 

0-3 MONTHS (GROUP C) 

DOSE 
ANIMAL (DOSE) 
TIME 
DOSETIME 
ERROR 

3 
36 
1 
3 

35 

12.74 

26.71 
11.26 

1.55 

2.11 

8.21 

12.64 
5.33 

CO.001 

0.001 
0.004 

3 

1 
3 

36 

35 

11.38 

64.87 
5.26 

0.97 

0.88 

11.70 

73.70 
5.97 

<0.001 

CO.001 
0.002 

6-9 MONTHS (GROUP C) 

DOSE 
ANIMAL (DOSE) 
TIME 
DOSETIME 
ERROR 

3 
32 

1 
3 

19 

16.83 
0.41 

18.26 
1.42 
0.28 

41.40 

64.34 
5.01 

CO.001 

CO.001 
0.010 

3 

1 
3. 

35 

27 

2.64 

20.01 
0.16 

0.56 

0.30 

4.69 

66.75 
0.52 

0.007 

CO.001 
0.674 

12 MONTHS (GROUP C) 

DOSE 
ERROR 

3 
21 

7.03 
0.37 

19.23 CO.001 3 
27 

1.17 
0.12 

9.92 CO.001 

12-21 MONTHS (GROUP B) 

DOSE 
ANIMAL (DOSE) 
TIME 
DOSETIME 
ERROR 

3 
30 
3 
9 

57 

28.31 
0.33 

11.57 
1.94 
0.24 

85.09 

47.29 
7.93 

CO.001 

CO.001 
<0.001 

3 

3 
9 

35 

94 

4.40 

3.39 
0.56 

0.38 

0.24 

11.58 

14.03 
2.34 

CO.001 

<0.001 
0.020 

24 MONTHS (GROUP B) 

DOSE 
ERROR 

3 
10 

0.99 
0.13 

7.81 0.006 3 
23 

0.25 
0.30 

0.82 0.494 

24 MONTHS (GROUP A) 

DOSE 
ERROR 

3 
76 

6.34 
6.93 

0.77 0.517 3 
97 

2.81 
2.26 

1.24 0.298 

(a) DF = degrees of freedom 
tb) MS = mean square 
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TABLE N4. LYMPHOCYTES IN RATS DESCRIPTIVE STATISTICS 

MALE FEMALE 
N DOSE MEAN STANDARD N 

(mS/kg) ERROR 

10 0 7.44 0.39 10 
10 
10 

25 
50 

(b) 5.29 
6.96 

0.27 
0.43 

10 
10 

10 100 6.49 0.28 10 

10 0 5.99 0.38 10 
9 
10 
10 

25 
50 
100 

(a) 4.76 
(b)4.19
(b)3.96 

0.23 
0.14 
0.17 

10 
10 
9 

6 0 4.23 0.29 10 
4 25 3.64 0.20 10 
9 50 3.70 0.18 10 
8 100 (b)3.17 0.24 9 

9 0 3.30 0.38 1 
7 
7 
9 

25 
50 
100 

(a) 2.47 
(b)2.41 
(b)2.04 

0.21 
0.10 
0.14 

6 
10 
8 

6 0 1.56 0.20 8 
6 
7 
6 

25 
50 
100 

(a)0.99 
(b)0.77 
(b)0.76 

0.08 
0.07 
0.09 

6 
9 
B 

DOSE MEAN
(wvw 

0 MONTHS (GROUP C) 

0 6.71 

50 5.13 

100 7.28 

200 6.46 


3 MONTHS (GROUP C) 

0 7.08 

50 (a) 5.05 
100 (b)4.60 
200 (b)4.23 

6 MONTHS (GROUPC) 

0 5.68 

50 (b)4.15

100 (b)3.31 

200 (b)2.43 


9 MONTHS (GROUP C) 

0 4.14 

50 (b)2.29 
100 (b)1.70 
200 (b)2.08 

12 MONTHS (GROUP C) 

0 3.29 

50 (b) 1.26 
100 (b)1.08 
200 (b)1.10 

STANDARD 
ERROR 

0.47 

0.29 

0.58 

0.35 


0.37 

0.67 

0.17 

0.41 


0.34 

0.25 

0.12 

0.12 


0.29 

0.13 

0.13 

0.27 


0.43 

0.15 

0.14 

0.13 
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TABLE N4. LYMPHOCYTES IN RATS: DESCRIPTIVE STATISTICS (Continued) 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 
(me@ ERROR (mg/kg) ERROR 

12 MONTHS (GROUP B) 

0 6.12 0.62 5 0 2.76 0.24 9 
50 

100 
200 

(b)3.18
(b) 2.43 
(b)1.44 

0.22 
0.24 
0.08 

8 
7 
8 

25 
50 

100 

(a)2.19 
(a)2.17 
(b)1.94 

0.24 
0.14 
0.19 

9 
8 
8 

15 MONTHS (GROUP B) 

0 4.48 0.15 5 0 2.29 0.13 10 
50 

100 
200 

(b)2.46 
(b)2.09 
(b)1.66 

0.16 
0.16 
0.22 

8 
9 
7 

25 
50 

100 

(a) 1.73 
2.03 
2.32 

0.18 
0.16 
0.20 

10 
9 
9 

18 MONTHS (GROUP B) 

0 2.71 0.26 6 0 2.35 0.11 10 
50 

100 
200 

(b)1.68 
(b)1.58 
(b)1.07 

0.10 
0.10 
0.1 1 

7 
8 
7 

25 
50 

100 

(b)1.44 
(b)1.45 
(b)1.29 

0.08 
0.23 
0.08 

9 
9 
9 

21 MONTHS (GROUP B) 

0 2.99 0.19 5 0 2.36 0.22 10 
50 

100 
200 

(b)1.68 
(b)1.68 
(b)1.29 

0.10 
0.10 
0.22 

5 
4 
4 

25 
50 

100 

(b)1.46 
(b) 1.59 
(b)1.23 

0.05 
0.26 
0.08 

8 
9 
9 

24 MONTHS (GROUP B) 

0 2.34 0.25 4 0 1.27 0.11 9 
50 2.06 0.10 6 25 1.68 0.23 8 

100 1.52 0.21 2 50 1.41 0.25 6 
200 (b)0.96 0.24 2 100 1.40 0.33 4 

24 MONTHS (GROUP A) 

0 2.93 0.63 28 0 1 .83 0.17 32 
50 1.82 0.25 21 25 1.22 0.15 27 

100 2.26 0.66 21 50 1.35 0.23 24 
200 2.11 0.38 10 100 1.88 0.69 18 

(a) = Significantly different from control group mean (P=O.O5) 
(b) = Significantly different from control group mean (P=O.Ol) 
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B. White Blood Cells--Mice 

For the first 9 months of study, the analyses of variance (Table N5) suggest systematic dose- 
related variation in WBC’s (dose effect, P<O.OOl). Table N6 and Figure 12give evidence of the 
compound-induced depression in WBC’s in males during this period. The analysis of variance 
for Group B males in months 12-21 (Table N5) suggests strong dose effects that vary across time 
(dose effect, P<0.001; interaction, PCO.001). The significant dose X time interaction 
( P < O . O O l )  reflects the shift in the relationship of high dose and vehicle control group means 
between months 18and 21. With the exception of month 12,however, Group C high dose males 
exhibit depressed levels of WBC’s from month 3 through month 18,giving strong evidence of 
compound-related reductions in numbers of WBC’s. The data for females are more inconsistent 
than those of males and give less evidence of the compound-related response because of 
extremely variable patterns of response in adjacent measurement periods. Analysis specific to 
lymphocytes is presented in Tables N7 and N8. 

TABLE N5. WHITE BLOOD CELLS IN MICE: ANALYSES OF VARIANCE 

MALE FEMALE 
SOURCE DF(a) MS(b) F PROB>F DF(a) MS(b) F PROB>F 

0-3 MONTHS (GROUPC) 
DOSE 3 8.66 5.47 0.003 3 4.42 2.09 0.119 
ANIMAL (DOSE) 
TIME 

36 
1 

1.58 
0.39 0.31 0.581 

36 
1 

2.12 
31.13 12.32 0.oo1 

DOSETIME 3 0.89 0.71 0.557 3 13.81 5.46 0.003 
ERROR 26 1.27 36 2.53 

6-9 MONTHS (GROUP C) 
DOSE 3 56.58 10.90 <0.001 3 5.35 1.10 0.364 
ANIMAL (DOSE) 
TIME 

34 
1 

5.19 
3.62 1.08 0.308 

35 
1 

4.88 
3.12 0.55 0.466 

DOSETIME 3 0.99 0.30 0.829 3 8.41 1.47 0.243 
ERROR 29 3.36 28 5.71 

12 MONTHS (GROUP C) 
DOSE 3 2.11 1.14 0.347 3 1.59 0.34 0.799 
ERROR 34 1.85 32 4.72 

12-21 MONTHS (GROUP B) 
DOSE 3 44.16 6.75 0.001 3 18.41 9.24 <0.001 
ANIMAL (DOSE)
TIME 

36 
3 

6.55 
99.34 17.05 <0.001 

36 
3 

1.99 
0.54 0.46 0.717 

DOSETIME 9 37.59 6.45 <0.001 9 5.41 4.54 <0.001 
ERROR 92 5.82 96 1.19 

a4 MONTHS (GROUP B)
DOSE 2 17.30 2.35 0.141 3 4.75 2.23 0.120 
ERROR 11 7.36 18 2.13 

24 MONTHS (GROUP A) 
DOSE 3 189.93 3.75 0.016 3 6.31 0.66 0.585 
ERROR 51 50.65 67 9.61 

(a) DF = degrees of freedom 
(b) MS = mean square 

263 Benzene, NTP TR 289 



TABLE N6. WHITE BLOOD CELLS IN MICE: DESCRIPTIVE STATISTICS 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 

(mg/kg) ERROR (mgfltg) ERROR 

0 MONTHS (GROUP C) 

0 6.02 0.19 10 0 4.91 0.34 10 
25 5.74 0.63 10 25 6.30 0.79 10 
50 
100 

(a) 4.66 
5.31 

0.31 
0.43 

10 
10 

50 
100 

4.67 
(a) 7.00 

0.31 
0.68 

10 
10 

3 MONTHS (GROUP C) 

0 6.22 0.25 6 0 5.25 0.50 10 
25 5.93 0.39 9 25 4.87 0.19 10 
50 
100 

(b)3.96 
(a)4.62 

0.18 
0.45 

7 
8 

50 
100 

4.26 
3.51 

0.40 
0.34 

10 
10 

6 MONTHS (GROUP C) 

0 10.33 1.16 9 0 4.96 0.36 10 
25 
50 
100 

(b)7.62 
(b)5.82 
(b)6.72 

0.38 
0.56 
0.49 

10 
8 
10 

25 
50 
100 

6.34 
(a) 7.96 

5.38 

0.79 
1.56 
0.46 

10 
9 
10 

9 MONTHS (GROUP C) 

0 9.75 1.15 8 0 5.69 0.40 9 
25 7.68 0.52 10 25 6.20 0.52 7 
50 
100 

(b)5.54 
(b)5.89 

0.46 
0.49 

7 
9 

50 
100 

5.89 
5.93 

0.35 
0.76 

7 
9 

12 MONTHS (GROUP C) 

0 5.13 0.41 9 0 5.40 0.42 10 
25 5.10 0.61 10 25 5.66 0.84 10 
50 4.17 0.25 10 50 5.00 0.77 6 
100 4.53 0.41 9 100 4.75 0.77 10 
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TABLE N6. WHITE BLOOD CELLS IN MICE: DESCRIPTIVE STATISTICS (Continued) 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 
(W&?) ERROR (mgflrg) ERROR 

12 MONTHS (GROUP B) 

0 7.08 0.51 10 0 6.48 0.34 10 
25 
50 
100 

4.74 
5.56 

(a) 4.00 

0.33 
0.38 
0.31 

10 
10 
10 

25 
50 
100 

(b) 4.12 
(b)3.20 
(b)2.94 

0.32 
0.23 
0.14 

10 
10 
10 

15 MONTHS (GROUP B) 

0 7.65 0.54 10 0 4.46 0.34 10 
25 6.16 0.79 10 25 4.22 0.28 10 
50 6.70 0.50 9 50 3.34 0.24 10 
100 (a)5.02 0.65 10 100 4.10 0.33 10 

18 MONTHS (GROUP B) 

0 9.76 0.52 10 0 5.51 0.36 10 
25 
50 
100 

7.91 
(b)5.63 
(b)5.76 

0.79 
0.52 
1.20 

10 
6 
10 

25 
50 
100 

(b)3.73 
(b)3.98 
(b) 3.81 

0.42 
0.36 
0.80 

9 
9 
9 

21 MONTHS (GROUP B) 

0 10.00 1.05 9 0 4.38 0.22 9 
25 
50 
100 

(a)6.51 
(a)6.67 
(bl14.49 

0.63 
0.75 
2.42 

7 
6 
7 

25 
50 
100 

4.17 
3.67 
4.57 

0.46 
0.31 
0.84 

7 
8 
7 

24 MONTHS (GROUP B) 

0 4.52 1.07 5 0 4.40 0.61 8 
25 8.03 1.39 6 25 4.53 0.54 6 
50
100 

7.07-_ 0.13 _ _  3 
0 

50 
100 

2.52 
3.57 

0.30 
1.07 

5 
3 

24 MONTHS (GROUPA) 

0 7.93 1.27 22 0 3.87 0.55 22 
25 8.41 1.46 15 25 4.64 0.56 19 
50 
100 

(b)15.60
12.64 

2.30 
5.32 

13 
5 

50 
100 

4.22 
5.40 

0.76 
1.35 

19 
11 

(a)  = Significantly different from control group mean (P=0.05)
(b)= Significantly different from control group mean (P-0.01) 
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FIGURE 12. RESULTS OF WHITE BLOOD CELL COUNTS IN MICE IN THE 

TWELVE- AND TWENTY-FOUR-MONTH GAVAGE STUDIES OF BENZENE 
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TABLE N?. LYMPHOCYTES IN MICE: ANALYSES OF VARIANCE 

SOURCE 

0-3 MONTHS (GROUPC) 

DOSE 3 
ANIMAL (DOSE) 36 
TIME 1 
DOSETIME 3 
ERROR 26 

6-9 MONTHS (GROUP C) 

DOSE 3 
ANIMAL (DOSE) 34 
TIME 1 
DOSETIME 3 
ERROR 29 

12 MONTHS (GROUP Cl 

DOSE 3 
ERROR 34 

12-21 MONTHS (GROUP B) 

DOSE 3 
ANIMAL (DOSE) 36 
TIME 3 
DOSETIME 9 
ERROR 92 

24 MONTHS (GROUP B) 

DOSE 2 
ERROR 11 

24 MONTHS (GROUP A) 

DOSE 3 
ERROR 51 

(a)DF = degreesof freedom 

(b)MS = mean square 


FEMALE 
DF(a) MS(b) F PROB>F 

7.88 5.68 0.003 3 3.75 2.54 0.071 
1.39 36 1.48 
5.95 6.46 0.017 1 71.69 43.46 <0.001 
1.27 1.38 0.271 3 11.12 6.74 0.001 
0.92 36 1.65 

33.93 14.52 <0.001 3 4.62 1.54 0.220 
2.34 35 2.99 
4.77 2.04 0.164 1 4.16 1.19 0.204 
0.20 0.08 0.968 3 5.63 1.62 0.207 
2.34 28 3.48 

0.76 0.50 0.683 3 2.40 0.58 0.633 
1.50 32 4.15 

72.38 26.34 <0.001 3 20.90 20.11 <0.001 
2.75 36 1.04 
2.45 I .70 0.170 3 2.32 3.12 0.029 
3.92 2.72 0.007 9 3.77 5.07 <0.001 
1.44 96 0.74 

2.50 1.18 0.343 3 3.32 2.39 0.103 
2.12 18 1.39 

6.17 2.67 0.056 3 4.21 1.29 0.285 
2.31 67 3.3 1 
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TABLE N& LYMPHOCYTES IN MICE: DESCRIPTIVE STATISTICS 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 

(mg/kg) ERROR (mgfltg) ERROR 

0 MONTHS (GROUP C) 

0 5.08 0.22 10 0 4.36 0.37 10 
25 4.25 0.58 10 25 5.64 0.71 10 
50 
100 

(a) 3.95 
(b)3.53 

0.31 
0.33 

10 
10 

50 
100 

4.16 
(b) 6.27 

0.28 
0.57 

10 
10 

3 MONTHS (GROUP C) 

0 4.35 0.32 6 0 3.93 0.34 10 
25 4.53 0.43 9 25 3.57 0.15 10 
50 
100 

(b)2.50 
(a)2.71 

0.16 
0.25 

7 
8 

50 
100 

2.99 
(a) 2.38 

0.12 
0.22 

10 
10 

6 MONTHS (GROUP C) 

0 6.67 0.59 9 0 3.89 0.28 10 
25 5.77 0.38 10 25 5.19 0.76 10 
50 
100 

(b)3.89 
(b)3.85 

0.48 
0.28 

8 
10 

50 
100 

(a) 6.27 
3.95 

1.12 
0.36 

9 
10 

9 MONTHS (GROUP C) 

0 6.58 0.95 8 0 4.46 0.31 9 
25 5.03 0.55 10 25 4.75 0.47 7 
50 
100 

(b)3.59 
(b)3.14 

0.15 
0.39 

7 
9 

50 
100 

4.47 
4.25 

0.31 
0.54 

7 
9 

12 MONTHS (GROUP Cl 

0 3.07 0.35 9 0 3.16 0.39 10 
25 3.38 0.62 10 25 3.50 0.76 10 
50 3.02 0.21 10 50 3.92 0.70 6 
100 2.69 0.22 9 100 4.30 0.76 10 
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TABLE N8. LYMPHOCYTES IN MICE: DESCRIPTIVE STATISTICS (Continued) 

MALE FEMALE 
DOSE MEAN STANDARD N DOSE MEAN STANDARD N 

(mgflrg) ERROR (mg/kg) ERROR 

12 MONTHS (GROUP B) 

0 5.17 0.40 10 0 4.82 0.52 10 
25 
50 
100 

(b)3.00 
(b)3.21 
(b)2.44 

0.23 
0.23 
0.25 

10 
10 
10 

25 
50 
100 

(b)3.00 
(b)2.00 
(b)1.51 

0.25 
0.15 
0.08 

10 
10 
10 

15 MONTHS (GROUP B) 

0 5.11 0.21 10 0 3.79 0.31 10 
25 4.35 0.68 10 25 2.92 0.22 10 
50 
100 

(a)3.68 
(b)2.41 

0.53 
0.33 

9 
10 

50 
100 

(b)2.06 
3.41 

0.20 
0.30 

10 
10 

18 MONTHS (GROUP B) 

0 6.27 0.36 10 0 3.71 0.35 10 
25 
50 
100 

5.47 
(b)2.93 
(b)2.00 

0.81 
0.31 
0.29 

10 
6 
10 

25 
50 
110 

(b)2.51 
(a)2.61 
(b)1.79 

0.36 
0.26 
0.23 

9 
9 
9 

21 MONTHS (GROUP B) 

0 5.51 0.59 9 0 2.98 0.24 9 
25 4.47 0.57 7 25 2.27 0.29 7 
50 
100 

(b)3.03 
(b)2.55 

0.29 
0.27 

6 
7 

50 
100 

2.29 
2.25 

0.28 
0.48 

8 
7 

24 MONTHS (GROUP B) 

0 2.65 0.59 5 0 3.03 0.39 8 
25 3.80 0.71 6 25 3.10 0.54 6 
50
100 

2.50 _ _  0.45 
.. 3 

0 
50 
100 

1.44 
2.34 

0.12 
1.14 

5 
3 

24 MONTHS (GROUPA) 

0 3.31 0.29 22 0 2.60 0.51 22 
25 3.73 0.44 15 25 3.19 0.41 19 
50 3.69 0.48 13 50 2.24 0.29 19 
100 1.63 0.31 5 100 2.01 0.38 11 

(a) = Significantly different from control group mean (P=0.05) 
(b)= Significantly different from control group mean (P=O.Ol) 
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APPENDIX N. HEMATOLOGIC DETERMINATIONS 


II. Pathology Working Group Review of Benzene Hematology Data 

A. Introduction 

A Pathology Working Group review of the 2-year rat and mouse benzene hematology data 
took place on May 2, 1984, from 8:30 a.m. to 3:OO p.m. at NIEHS, Research Triangle Park, 
North Carolina. Statistically analyzed data as well as  selected individual animal data were 
reviewed by the group. Consensus opinions on the quality and interpretation of the data 
were reached. Attention was focused on the total leukocyte count and lymphocyte count 
data and on erythroid parameters. No attention was given to percent differential or percent 
reticulocyte counts, since these are intermediary values used to calculate absolute counts. 
RBC count, hemoglobin, and MCV data were closely examined; hematocrit was given less 
attention, since it is a calculated value (not directly measured by the instrumentation used). 

Three groups of rats and mice were designated for hematologic assessment in the study: 

GroupA: 	 Forty animals of each species, sex, and dose group terminally bled at the 24- 
month kill 

Group B: 	 Ten animals of each species, sex, and dose group bled orbitally a t  12, 15, 18,and 
21 months and bled terminally a t  24 months 

GroupC: 	 Ten animals of each species, sex, and dose group bled orbitally a t  0 (before 
dosing), 3,6,and 9 months and bled terminally a t  12 months 

Orbital bleeding was without anesthesia, and terminal bleeding was by cardiac puncture 
under pentobarbital anesthesia. 

B. Data Groupings 

Since a number of important elements were not constant throughout the study, it was the 
opinion of the review group that looking at data trends over time was not justifiable except 
for short specific time intervals. In some instances, when two or three successive bleeding 
intervals did have most variables constant, the vehicle control animal hematology values for 
one or more intervals were unreasonable, making biologic interpretations difficult, if not im- 
possible. Study elements (variables) that directly affected the quality and interpretability of 
the hematology data were: 

1. Different method of bleeding at interim and final kill time points 

Terminal bleedings were by cardiac puncture under barbiturate anesthesia, and interim 
bleedings were retro-orbital without anesthesia. 

2. Different instrumentation for hematologic measurements 

A Coulter Counter Model FN was used for the 0- and 3-month time point, and an Ortho 
ELT-8 was used for all remaining bleeding intervals. There is no documentation indicat- 
ing that these instruments were calibrated such that results over time could be compared. 
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3. Different intervals between cessation of dosing and drawing of blood samples for 
hematologic analysis 

Interim bleedings were obtained within 24 hours of the last dosing, and terminal 
bleedings obtained at kill did not follow this pattern in most instances. The 24-month 
terminal bleeding was at least 1 week after dosing ended. The 12-month terminal 
bleeding was 3 days after final dosing for male rats and 24 hours after final dosing for 
female rats and for mice of both sexes. 

C. Comments on Specific Bleeding Intervals 

0-Month (Group C): Measurements made with Coulter Counter Model FN 

Significant differences between groups for some of the measurements raise concern 
regarding the method of sampling or analysis. The 0-month data were inconsistent and 
could not be evaluated. 

3-Month (Group C): Measurements made with Coulter Counter Model FN 

This grouping should be considered separately. It should not be used with subsequent 
data, since all subsequent data were obtained with a different instrument. 

6- and 9-Month (Group C): Measurements made with ELT-8 

Animals bled 24 hours after previous dose. 

These groupings can be considered together in assessing time course effects of dosing. 

12-Month (Group C): Measurements made with ELT-8 

This was a terminal bleed with samples collected by cardiac puncture under barbiturate 
anesthesia. The bleeding occurred 3 days after last dose for male rats and 24 hours after 
last dose for female rats and mice of either sex. 

This grouping must be considered as a unique data set. 

12-Month (Group B): Measurements made with ELT-8 

This was an  orbital bleed 24 hours after last dose. 

This data set may be considered along with the 15-, 18-,and 21-month data for deter- 
mining time course effects. 

15-, M-,and 21-Month (Group B): Measurements made with ELT-8 

Some of these data may be used in assessing time course effects. Atypically high control 
values for RBC counts were recorded for mice. 

24-Month (Group B and Group C): Measurements made with ELT-8 

Cardiac bleeding under barbiturate anesthesia. Bleeding occurred 1week after last dose. 
Although these groups could be considered together, data variability, possibly related to 
intercurrent spontaneous disease, will preclude many potential conclusions. 
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D. Leukocyte Count 

There is an  apparent leukopenia in male rats in the early part of the 2-year study with a 
swing back toward control values at the 21-month bleeding interval. In female rats, there 
was a compound-related leukopenia evident between the 3rd and 12th months of dosing. 

During examination of mouse WBC data, it was noted that the male vehicle control group 
means at  6 and 9 months were high, giving a possible false impression of a compound-related 
leukopenia at these intervals. Similarly, high vehicle control group values were noted in 
males a t  18 and 21 months. The compound-associated leukopenia in females a t  12 and 18 
months seems real and lends support to the possibility that something similar is happening in 
males at the same intervals. 

The presence of potential outlier WBC values at 21 months in males was discussed. Some 
statistical editing is in order. 

E. Lymphocyte Count  

The peer review group consensus was that dose-related lymphocytopenia in male rats was 
evident from 3 to 21 months. A similar but less dramatic effect is present in females. Because 
there are potential problems with how data were obtained (see previous concerns), it was 
stated that these data are in part believable because they support an  already existing body of 
literature that is sound. 

A question was raised regarding the male control rat sample size starting a t  12 months 
(Group B). There are only 5 or 6 rat  samples instead of the anticipated 10. Some explanation 
for this shortage in number of vehicle control animals should be provided. 

Since the 24-month bleeding interval followed cessation of dosing by 1week, it was the group 
consensus that the effects of benzene on leukocyte counts could not be assessed at this 
interval. This consensus is predicated on the short resident time of leukocytes in the 
peripheral circulation. 

In male mice, lymphocytopenia was evident at 3 through 9 months in Group C and 12 through 
21 months in Group B. In female mice, lymphocytopenia was evident between 12 and 18 
months. 

F. RBC Count, Hemoglobin, and MCV 

No compound-associated changes in RBC count were evident in male or female rats at any 
sampling interval during the study. Mouse RBC and related data cannot be interpreted 
because of the unusually high vehicle control group values a t  several sampling intervals. 
Some of the individual mouse RBC values a t  these intervals are nonphysiologic. 

Findings for hemoglobin determinations are essentially similar to those for RBC counts with 
no apparent compound-associated changes in rats and with data that cannot be interpreted in 
mice. 

MCV data show too much variability to permit interpretation for either rats or mice. 
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III. Conclusions 

Any interpretation of the benzene hematology data should be made with a great deal of caution, 
since several parameters changed during the course of the studies and in several instances 
atypical vehicle control group values were obtained. Although study of individual hematology 
ticket data from the analyzer indicates that the ELT-8was functioning properly, there is a high 
suspicion that sample collection and possibly sample handling were less than optimal. Because 
of the above reservations, little could be definitely concluded with respect to the large amount of 
hematology data that were generated. Reliably identifiable hematologic effects were limited to 
lymphocytopenia and associated leukocytopenia in rats and mice administered benzene. 
Attempts to correlate hematologic changes with anatomic pathology changes would be 
inappropriate, since the technical quality of the hematology data was questionable. 
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The available records, experimental data, pathology materials, and the draft Technical Report of 
these studies were examined for overall correspondence and for Good Laboratory Practice compliance 
and scientific procedures. The audit was conducted during the period August 29 through September 
2,1983. The following persons were involved in the audit: National Toxicology Program--Dr. M. 
Wolfe, pathologist; Dr. B. Gupta, pathologist; Dr. C. Lingeman, pathologist; Ms. A. Grant, 
histotechnician; Dr. J.Huff, chemical manager, toxicologist; Ms. C. Davies, chemist; Dr. C. Whitmire, 
quality assurance; Dr. R. Maronpot, clinical pathologist; and Dr. B. Schwetz, toxicologist, audit team 
leader; Experimental Pathology Laboratories--Dr. W. Busey, pathologist; and Ms. H. Cooke, 
histotechnician; Tracor Jitco, 1nc.--Ms. P. Errico, data specialist. 

The full report of the NTP audit of the benzene data file and the report of a site visit to the Battelle 
Columbus Laboratories are on file at the National Toxicology Program, NIEHS. The following were 
the main findings and their resolutions: 

1. 	 Preparation of dosing solutions-The daily administration of benzene to the animals was 
documented, but no data were found that identified the procedures for the weekly preparation 
of dosing solutions. The data indicated which dose volumes were used for each group of rats or 
mice at various intervals but not how the dosing solutions were prepared. Because daily nota- 
tions were made regarding dose and dose response, however, the fact that data on dose prep- 
aration procedures were missing is not considered to be a significant deficiency in these 
studies. 

2. 	 Determination of cause of death--Some animal deaths that were identified as gavage-related 
based on histologic findings were not coded as accidental deaths. These discrepancies were 
distributed among groups of mice and rats in such a way as to not significantly influence the 
interpretation of data. This discrepancy was corrected in the data, and the final interpre- 
tation of the study takes into account the corrections. 

3. Hematology data--Hematology data were not positively identified by individual animal or 
study. Blood count data were printed out on “tickets” from an automated analyzer without 
unique animal or study identification, one ticket per animal. The data then were transcribed 
to data sheets and identified by unique animal numbers. Communication with personnel 
from the laboratory subsequent to the audit confirmed that laboratory numbers (ticket 
numbers) were never repeated on a given day’s run. Since the final decision regarding 
benzene’s carcinogenic potential is not dependent on these data and since there is no 
indication in the data set that there was any mixup of these hematologic values, the fact that 
individual animal identification is not available is not considered to be a major limitation in 
the use of these data. 

4. 	 Animal identification--Carcasses and wet tissues in formalin were not positively identified by 
dose level of benzene and, in some cases, were not identified by individual animal number. 
During the studies, ear punches were used to identify animals by benzene dose and toe clips 
were used to provide individual animal identification. At the time these studies was 
conducted, the NTP did not require that either the ears or the feet of animals be included with 
the wet tissues in formalin. During the audit, animal identification was checked against the 
label on the wet tissue bag. Eighty-six percent of the animals checked (79192)were correctly 
identified, 13% 02/92) could not be identified because there were no feet in the bag of tissues, 
and one animal was incorrectly identified. In the absence of any indication elsewhere in the 
data that animals were misidentified or mixed up, animal identification was not considered to 
be a significant problem. 
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These findings and comments are based on the NTP audit of the raw data and communications with 
personnel from Battelle Columbus Laboratory, including a site visit after the audit was performed. 
Any discrepancies that might have significantly influenced the final interpretation of these studies in 
F344/N rats and B6C3F1 mice were resolved. Minor problems not mentioned here which were not 
considered to affect the outcome of the studies were not necessarily pursued to final resolution but are 
identified in the NTP audit report, In conclusion, the data examined in this audit are considered 
adequate to meet the objectives and support the findings of these studies. 

*U.S .  GOVERNMENT PRINTING OFFICE: 1986-491-292141053 
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