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NOTE TO THE READER 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, 
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats 
and mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primarily on 
the bases of human exposure, level of production, and chemical structure. Selection per se is not an 
indicator of a chemical's carcinogenic potential. Negative results, in which the test animals do not 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. 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to identify any mistakes so that corrective action may be taken. 
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is 
encouraged to make this information known to the NTP. Comments and questions about the National 
Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed 
to Dr. J.E. Huff, National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 

These NTP Technical Reports are available for sale from the National Technical Information 
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487- 
4650). Single copies of this Technical Report are available without charge (and while supplies last) 
from the NTP Public Information Office, National Toxicology Program, P.O. Box 12233, Research 
Triangle Park, NC 27709. 

(9 19-541-3780). 

Special Nore: This Technical Report was peer reviewed in public session and 
approved by the NTP Board of Scientific Counselors' Technical Reports Review 
Subcommittee on February 28, 1983 [see pages 9 and 101. Thereafter, the NTP 
adopted the policy that the experimental data and laboratory records from all NTP 
Toxicology and Carcinogenesis Studies not yet printed and distributed would be 
audited. [A summary of the data audit is presented in Appendix P.] Consequently, 
printing and distribution of this Technical Report have been delayed and the format 
differs from that of Technical Reports peer reviewed more recently. The categories of 
evidence of carcinogenicity adopted by the NTP in June 1983 were not used to 
evaluate these data. 

Chlorobenzene 2 



TABLE OF CONTENTS 

Abstract .......................................................................... 7 
Contributors 8 
Reviewers 9 
Summary of Peer Review Comments 10 

I . Introduction ................................................................. 1 1  
II . Materials and Methods ........................................................ 17 

Chemical Analyses ............................................................ 18 
Dose Preparation ............................................................. 18 
Single-Dose Studies ........................................................... 18 
Fourteen-Day Studies ......................................................... 18 
Thirteen-Week Studies ........................................................ 19 
Two-year Studies ............................................................. 20 

Study Design .............................................................. 20 
Source and Specifications of Test Animals ..................................... 20 
SentinelAnimals ........................................................... 20 
Animal Maintenance ........................................................ 21 
Clinical Examinations and Pathology ......................................... 21 
Data Recording and Statistical Methods ....................................... 22 

I11 . Results ...................................................................... 27 
Rats ........................................................................ 28 

Single-Dose Studies ......................................................... 28 
Fourteen-Day Studies ....................................................... 28 
Thirteen-Week Studies ...................................................... 28 
Two-year Studies ........................................................... 31 

Body Weights and Clinical Signs ........................................... 31 
Antibody Titers .......................................................... 31 
Survival ................................................................. 33 
Pathology and Statistical Analyses of Results ................................ 33 

Mice ........................................................................ 39 

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

Single-Dose Studies ......................................................... 39 
Fourteen-Day Studies ....................................................... 39 
Thirteen-Week Studies ...................................................... 39 
Two-year Studies ........................................................... 43 

Body Weights and Clinical Signs ........................................... 43 
Antibody Titers .......................................................... 43 
Survival ................................................................. 43 
Pathology and Statistical Analyses of Results ................................ 46 

1V . Discussion and Conclusions .................................................... 47 
V . References. .................................................................. 53 

TABLES 
Table 1 

Table 2 
Table 3 

Table 4 

Table 5 

Toxic Effects from Long-Term Exposure to Chlorobenzene ................ 14 
Experimental Design and Materials and Methods ......................... 24 
Survival of Rats Administered a Single Dose of Chlorobenzene 
in Corn Oil by Gavage ................................................ 29 
Survival and Mean Body Weights of Rats Administered Chlorobenzene 
by Gavage for 14 Days ................................................ 29 
Survival and Mean Body Weights of Rats Administered Chlorobenzene 
by Gavage for 13 Weeks ............................................... 30 

3 Chlorobenzene 

. . . .  



Table 6 

Table 7 
Table 8 

Table 9 

Table 10 
Table 11 

Table 12 

Table 13 

Table 14 

Table 15 

Table 16 

Figure 1 
Figure 2 
Figure 3 

Figure 4 
Figure 5 

Figure 6 
Figure 7 

Incidence of Histopathologic Lesions in Rats Administered 
Chlorobenzene in the 13-Week Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

35 
Analysis of Liver Tumors in Male Rats: Statistical Comparisons 
of Treated to Vehicle Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
Comparative Incidences of Lung Lesions in Male and Female Rats . . . . . . . . . 37 
Analysis of Pituitary Tumors in Rats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 
Analysis of Endometrial Stromal Polyps of the Uterus in 
Female Rats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Survival of Mice Administered a Single Dose of Chlorobenzene 
in Corn Oil by Gavage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
Survival and Mean Body Weights of Mice Administered Chlorobenzene 
by Gavage for 14 Days.. . , , , , . , . . . . . . . . . . . . . . . . . . , , . . . . . . . . . . . . . . . . . . . 40 
Survival and Mean Body Weights of Mice Administered Chlorobenzene 
by Gavage for 13 Weeks.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Incidence of Histopathologic Lesions in M ice Administered 
Chlorobenzene in the 13-Week Study . . . . . . . . . . . . . . . . . . . . . . . , , . . . . . . . . . . 42 
Analysis of Liver Tumors in Male Rats: Statistical Comparisons of 
Treated Groups and Combined (Vehicle and Untreated) Controls.. . . . . . . . . . 51 

Numbers of Rats with Nonneoplastic Liver Lesions , , . . . . . . . . . . . . . . . . . . . . . 

FIGURES 

Metabolism of Chlorobenzene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 15 
Growth Curves for Rats Administered Chlorobenzene by Gavage . . . . . . . . . . , 32 
Kaplan-Meier Survival Curves for Rats Administered Chlorobenzene 
by Gavage.. . . . , . , . . . . . . , . . . , . . . . . , . . . . , , . . . , , . . . . . . . . , . . , . . , . . . . . . . 34 
Growth Curves for Mice Administered Chlorobenzene by Gavage. . . . . . . . . . . 44 
Kaplan-Meier Survival Curves for Mice Administered Chlorobenzene 
by Gavage,. . . . , . . . . . . . . , . , , , , . . . . . , . , . , . . . . . . . . . , . . . . . . . . . . . . . . . . . . . 45 
Infrared Absorption Spectrum of Chlorobenzene (Lot No. 77022). , . . . . . . . . .211 
Nuclear Magnetic Resonance Spectrum of Chlorobenzene (Lot No. 77022). . .212 

APPENDIXES 

Appendix A Summary of the Incidence of Neoplasms in Rats Administered 
Chlorobenzene in Corn Oil by Gavage , . . . . . , , . , . . . . , , . , . . . . . . . . . . . . . . . . 57 

Table Al Summary of the Incidence of Neoplasms in Male Rats Administered 
Chlorobenzene in Corn Oil by Gavage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 

Table A2 Summary of the Incidence of Neoplasms in Female Rats 
Administered Chlorobenzene in Corn Oil by Gavage . . . . . . . . . . . . . . . . . . . . . . 64 

Table A3 Individual Animal Tumor Pathology of Male Rats in the 
Two-year Study of Chlorobenzene . . . . . . , . . , , . . . . . , , . . . . . . , . . . . . . . . . . . .70  

Table A4 Individual Animal Tumor Pathology of Female Rats in the 
Two-year Study of Chlorobenzene . , , , , . . . . . . , . . , . . . . . , . , . , . . , . . . . . . . . .78 

Chlorobenzene 4 



Appendix B Summary of the Incidence of Neoplasms in Mice Administered
Chlorobenzene in Corn Oil by Gavage 87

Table Bl Summary of the Incidence of Neoplasms in Male Mice Administered
Chlorobenzene in Corn Oil by Gavage 88

Table B2 Summary of the Incidence of Neoplasms in Female Mice
Administered Chlorobenzene in Corn Oil by Gavage 93

Table B3 Individual Animal Tumor Pathology of Male Mice in the
Two-Year Study of Chlorobenzene 98

Table B4 Individual Animal Tumor Pathology of Female Mice in the
Two-Year Study of Chlorobenzene 106

Appendix C Summary of the Incidence of Nonneoplastic Lesions in Rats
Administered Chlorobenzene in Corn Oil by Gavage 115

Table Cl Summary of the Incidence of Nonneoplastic Lesions in Male Rats
Administered Chlorobenzene in Corn Oil by Gavage 116

Table C2 Summary of the Incidence of Nonneoplastic Lesions in Female Rats
Administered Chlorobenzene in Corn Oil by Gavage 126

Appendix D Summary of the Incidence of Nonneoplastic Lesions in Mice
Administered Chlorobenzene in Corn Oil by Gavage 135

Table Dl Summary of the Incidence of Nonneoplastic Lesions in Male Mice
Administered Chlorobenzene in Corn Oil by Gavage , 136

Table D2 Summary of the Incidence of Nonneoplastic Lesions in Female Mice
Administered Chlorobenzene in Corn Oil by Gavage , 146

Appendix E Methods Used in Hematologic Analyses 155

Appendix F Hematology, Clinical Chemistry, and Organ Weights for
Rats and Mice in the 13-Week Studies , 157

Table Fl Hematology Data for Rats Administered Chlorobenzene in
the 13-Week Study 158

Table F2 Clinical Chemistry Data for Rats Administered Chlorobenzene in
the 13-Week Study , 159

Table F3 Porphyrin Analysis for Rats Administered Chlorobenzene
in the 13-Week Study 160

Table F4 Organ Weight Analysis for Male Rats Administered Chlorobenzene
in the 13-Week Study 161

Table F5 Organ Weight Analysis for Female Rats Administered
Chlorobenzene in the 13-Week Study 162

Table F6 Hematology Data for Mice Administered Chlorobenzene in
the 13-Week Study 163

Table F7 Clinical Chemistry Data for Mice Administered Chlorobenzene
in the 13-Week Study 164

Table F8 Porphyrin Analysis for Mice Administered Chlorobenzene in
the 13-Week Study 165

Table F9 Organ Weight Analysis for Male Mice Administered Chlorobenzene
in the 13-Week Study „ 166

Table F10 Organ Weight Analysis for Female Mice Administered Chlorobenzene
in the 13-Week Study 167

Appendix G Mean Body Weights of Rats and Mice Administered Chlorobenzene
by Gavage for Two Years 169

Chlorobenzene



Table GI 

Table G2 

Appendix H 
Table HI 

Appendix I 
Table I I  
Table I2 
Table 13 
Table I4 

Appendix J 

Table J1 
Appendix K 

Table K1 

Table K2 

Table K3 

Table K4 

Table K5 

Table K6 

Table K7 

Table K8 

Table K9 
Appendix L 

Appendix M 

Appendix N 

Table N1 
Appendix 0 

Appendix P 

Mean Body Weights (Relative to Controls) of Rats Administered 
Chlorobenzene by Gavage for Two Years ................................ 170 

Mean Body Weights (Relative to Controls) of Mice Administered 
Chlorobenzene by Gavage for Two Years ................................ 171 

Historical Incidence of Liver Tumors in Male F344/N Rats 
Receiving Corn Oil by Gavage ......................................... 174 
Analysis of Primary Tumors in Rats and Mice ........................... 175 
Analysis of Primary Tumors in Male Rats ............................... 176 
Analysis of Primary Tumors in Female Rats ............................. 180 
Analysis of Primary Tumors in Male Mice ............................... 183 
Analysis of Primary Tumors in Female Mice ............................. 187 
Sentinel Animal Serology Data for the Chlorobenzene 
Bioassay ............................................................ 191 
Summary of Viral Antibody Titers ...................................... 193 
Mutagenicity Testing of Chlorobenzene ................................. 195 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA100 at Case Western Reserve University 
Testing Facility ...................................................... 197 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA1535 at Case Western Reserve University Testing Facility . . 198 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA1537 at Case Western Reserve University Testing Facility . . 199 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA98 at Case Western Reserve University Testing Facility .... 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA100 at Stanford Research lnstitute Testing Facility ........ #)I 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA1535 at  Stanford Research Institute Testing Facility ........ 202 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA1537 at Stanford Research Institute Testing Facility ....... 203 
Results of Mutagenicity Tests of Chlorobenzene in Salmonella 
Typhimurium TA98 at Stanford Research Institute Testing Facility ......... 204 
Salmonella Positive Controls ........................................... B5 
Chemical Analysis of Chlorobenzene .................................... 207 
Analysis of Chlorobenzene in Corn Oil for Stability 
of Chlorobenzene ..................................................... 213 
Analysis of Chlorobenzene in Corn Oil for Concentrations 
of Chlorobenzene ..................................................... 215 
Analysis of Chlorobenzene in Corn Oil .................................. 216 
Separation and Quantitation of Coproporphyrin and 
Uroporphyrin in Urine ................................................ 217 
Data Audit Summary ................................................. 219 

Historical Incidence of Tumors in Corn Oil Control F344/N Rats .......... 173 

Chlorobenzene 6 



TOXICOLOGY AND 
CARCINOGENESIS 

STUDIES OF 
CHLOROBENZENE 

Cl 

C H L O R O B E N Z E N E  

CAS NO. 108-90-7 

CgHgCI Mol. Wt. 112.56 

ABSTRACT 

Toxicology and carcinogenesis studies of chlorobenzene (monochlorobenzene, > 99% pure) were 
conducted by administering the test chemical in corn oil by gavage to groups of 50 male and 50 female 
F344/N rats and 50 female B6C3F1 mice at doses of60 or 120 mg/ kg. Groups of 50 male B6C3F1 mice 
received 30 or 60 mg/ kg. Chlorobenzene was administered five times per week for 103 weeks. Groups 
of 50 rats and 50 mice of each sex received corn oil by gavage on the same schedule and served as vehicle 
controls, and additional groups of 50 rats and 50 mice of each sex served as untreated controls. The 
chlorobenzene doses were chosen on the basis of 90-day studies, in which doses 2-fold or greater in 
excess of the doses used in the 2-year study caused death, hepatocellular necrosis, renal tubular injury, 
thymic necrosis, or lymphoid or myeloid depletion of bone marrow, spleen or thymus. 

Mean body weights of dosed rats and mice were essentially the same or greater than those of the 
controls during the 2-year studies. Survivals of low dose male rats, dosed female rats, dosed male mice, 
and dosed female mice were not adversely affected by administration of chlorobenzene. Survival of 
high dose male rats in the 2-year study was significantly (P=0.033) lower than that of the vehicle 
controls, No chlorobenzene-induced toxic lesions responsible for this reduction in survival were 
observed. Based on the prechronic results and on the above data, the doses used in the 2-year study 
were considered to  be adequate for carcinogenicity testing. 

Male rats dosed with chlorobenzene exhibited a significant (P<0.05) increase in the incidence of 
animals with neoplastic nodules of the liver (overall incidences: untreated control, 4/50 (8%); vehicle 
control, 2/50 (4%); low dose, 4/49 (8%); high dose, 8/49 (16%)). Increased incidences of hepatocellular 
carcinomas in male rats or of neoplastic nodules or hepatocellular carcinomas in female rats were not 
observed. No increased tumor incidences were observed in female rats or in male or female mice, 

Under the conditions of these studies, chlorobenzene administration increased the occurrence of 
neoplastic nodules of the liver in high dose (120 mg/ kg/ day) male F344/N rats, providing some but not 
clear evidence of carcinogenicity of chlorobenzene in male rats. Carcinogenic effects of chlorobenzene 
were not observed in female F344/N rats or in male or female B6C3F1 mice. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS 

STUDIES OF CHLOROBENZENE 

On 28 February 1983, the draft Technical Report on the toxicology and carcinogenesis studies of 
chlorobenzene received peer review by the National Toxicology Program Board of Scientific Counse- 
lors’ 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. 

Dr. Scala, a principal reviewer of the technical report on the carcinogenesis studies of chloroben- 
zene, agreed with the conclusion that chlorobenzene administration increased the occurrence of 
neoplastic nodules of the liver in male F344/N rats. He stated that the extrapolation to humans of the 
effects of chlorobenzene as comparable to benzene, based on structure and rodent toxicity, was 
speculation, and suggested that the comments in the discussion section be designated as such. Dr. W. 
Kluwe said that in view of the NTP findings, together with other reports indicating that some of the 
prechronic toxicology of chlorobenzene is similar to that of benzene, the statements as included should 
remain in the report. Dr. Scala agreed as long as the discussion is labeled as speculation. 

As a second principal reviewer, Dr. Vore agreed with the conclusions. She found the rationale for 
dose selection for the long term studies both informative and well written, and thought the discussion 
on the metabolism of chlorobenzene was nicely done. 

As a third principal reviewer, Dr. Van Ryyin agreed in general with the conclusions. He said the 
evidence for carcinogenic activity was not strong, being based on significant increases in neoplastic 
nodules in male rats at the high dose only. He stressed the decrease observed in carcinomas in male rats 
as well as the equivocally significant results when neoplastic nodules and carcinomas were combined. 
In response, Dr. Kluwe, NTP, said the final conclusion already indicates that neoplastic nodules of the 
liver were increased in high dose male rats only. 

Dr. Van Ryzin questioned whether the maximum tolerated doses were achieved. He suggested that 
the finding of a renal tubular cell adenocarcinoma in a high dose female rat and transitional cell 
papillomas of the urinary bladder in a low and high dose male rat might be emphasized because of their 
rarity and low historical control incidence [see pages 36 and 501. 

In discussion from the floor, Dr. C. R. Stack, Chlorobenzenes Program Panel of the Chemical 
Manufacturers Association, said her group questioned the analogy drawn between chlorobenzene 
toxicity and benzene toxicity. She asked that the Chlorobenzenes Program Panel have the opportunity 
to provide written comments on the report subsequent to the meeting. Dr. Moore said that comments 
would be welcomed and requested that these be received within 30 days. [None were received.] 

Dr. Scala moved that the technical report on chlorobenzene be accepted with revisions discussed. 
Dr. Elashoff seconded the motion and the report was approved unanimously by the Peer Review 
Panel. 
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I, INTRODUCTION 

Cl 

C H L O R O B E N Z E N E  

CAS NO. 108-90-7 

CgHgCI Mol. Wt. 112.56 

General 
Chlorobenzene (synonyms: monochloroben- 

zene, chlorobenzol, phenyl chloride, benzene 
monochloride) is a '  colorless, volatile liquid 
under standard environmental conditions (vapor 
pressure = 11 -8 mm Hg at 25OC, 760 mm Hg). It 
is used primarily as a solvent (e.g., resins, dyes, 
pesticides, and perfumes), a degreasing agent, 
and a chemical intermediate, particularly in the 
synthesis of nitrochlorobenzenes (Fishbein, 
1979; Kirk-Othmer, 1964; NIOSH, 1981). 
Although still considerable, estimates of the 
yearly production volume of chlorobenzene in 
the United States indicate declining use in recent 
years, due to the reduced demand for organo- 
chlorine pesticides utilizing chlorobenzene as an 
intermediate (NIOSH, 1981; USITC, 1981). 

Year - Volume of Production (Kg) 

1976 170. 106 
1977 148 x 106 
1978 134x 106 
1980 128 x 106 (about 142,000 tons) 

The American Conference of Governmental 
Industrial Hygienists (ACGIH) has adopted a 
threshold limit value-time weighted average 
(TLV-TWA) of 75 ppm(350 mg/m3; 1 ppm=4.6 
mg/ m3) for chlorobenzene in air, and the Occu- 
pational Safety and Health Administration 
(OSHA) has similarly set the permissible expo- 
sure limit (PEL) at 75 ppm (Deichmann, 1981). 
Maximum recommended concentrations of 
chlorobenzene in air are 43 ppm in Czechoslova- 
kia and 10 ppm in the Soviet Union (ACGIH, 
1979). 

A cute Effects 
Oral LD5o values in mice, rats, rabbits, and 

guinea pigs were reported to be 1.44, 2.29,2.25, 
and 5.06 g/ kg, respectively, while an intraperito- 
neal LD50 value of 0.515 ml/ kg(approximate1y 
570 mg/ kg) was reported in rats (Deichmann, 
1981). Single intraperitoneal injections of 
chlorobenzene caused hepatocellular and renal 
tubular necrosis or degeneration in rats and mice 
(Cameron et al., 1933; Reid, 1973). 

Rirnington and Ziegler (1963) reported that 
1140 mg/ kg/ day of chlorobenzene by gavage 
(duration of treatment unspecified) increased 
urinary uroporphyrin, coproporphyrin and por- 
phobilinogen concentrations, and caused en- 
largement, severe necrosis and fatty degenera- 
tion of the liver. Consistent with a speculated 
disruption of liver heme metabolism, Ariyoshi et 
al. (1975) found that chlorobenzene at doses 
ranging from 125-1000 mg/ kg/day(per os) for3 
days increased hepatic ALA-synthetase activity 
in rats, although hepatic microsomal protein 
and cytochrome P-450 concentrations were 
reduced. 

The failure of (mono)chlorobenzene to induce 
hepatic microsomal drug metabolism contrasted 
sharply with the effects of a series of polychlori- 
nated benzenes @-dichlorobenzene, 1,3,5-tri- 
chlorobenzene, 1,2,4,5-tetrachlorobenzene, pen- 
tachlorobenzene, and hexachlorobenzene) in the 
studies of Ariyoshi et al. (1975). Carlson and 
Tardiff (1976) similarly found no increase in 
hepatic cytochrome P-450 concentration and no 
reduction in hexobarbital sleeping time in male 
rats receiving up to 800 mg/ kg/ day of chloro- 
benzene for 14 days, again in sharp contrast to 
the hepatic effects of the di-, tri- and hexachloro- 
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I. INTRODUCTION 

benzenes. Liver weight and hepatic UDP- 
glucuronyl transferase activity were increased, 
but hepatic glucose-6-phosphatase activity and 
cytochrome P-450 concentrations were decreased 
by the 800 mg/ kg/ day dose (Carlson and Tar- 
diff, 1976). These two reports indicate major 
differences in biological response to the mono- 
and polychlorinated benzenes, specifically that 
monochlorobenzene is not a general inducer of 
hepatic microsomal drug metabolism. 

Subchronic Effects 
Several animal studies have shown that pro- 

longed oral or inhalation exposures to chloro- 
benzene produce injury to the liver, kidney, and 
hematopoietic system (see Table 1). Inhalation 
exposures to chlorobenzene, benzene, or 1,2,4- 
trichlorobenzene all produced leukopenia in the 
study of Zub (1978), and the hematologic effects 
were confirmed histologically by a reported 
decrease in’erythro-leuko-thromboblastic cells” 
in the marrow of the long bones. 

Another study reported “inhibitions” of eryth- 
ropoiesis, thrombocytosis, and mitotic activity 
in bone marrow in male rats given 0.01 or 0.1 
mg/ kg/ day chlorobenzene by gavage for 9 
months (Varshavskaya, 1967). A dose of 0.001 
mg/ kg/ day was reportedly without toxic effects. 

In an unpublished study, chlorobenzene 
administered during organogenesis to pregnant 
F344 rats (days 6-15 of gestation) or New Zea- 
land white rabbits (days 6-18 of gestation) by 
inhalation at 0 (control), 75, 210, or 590 ppm 
reportedly caused no increase in congenital mal- 
formations (Hayes et al., 1982). Because of 
higher than expected occurrences of unusual 
malformations in both control and chloroben- 
zene-treated litters of rabbits, an additional 
study was performed in this species at 0, 10,30, 
75, or 590 ppm; teratogenic effects were not 
observed (Hayes et al., 1982). 

Metabolism 
The classic studies of R.T. Williams and col- 

leagues (Azouz et al., 1950; Parke and Williams, 
1955; Smith et al., 1950) have indicated that 
approximately 30% of an oral dose of chloro- 
benzene is excreted by the lungs as unchanged 
compound in rabbits, and that the urinary 
metabolites of chlorobenzene consist of syn- 
thetic conjugates (approximately 25% glucuron- 
ides, 27% ethereal sulfates, 20% mercapturic 
acids), catechols (27%), and phenols (3%). The 
major urinary products are p-chlorophenyl- 
mercapturic acid and the monoglucuronide and 

ethereal sulfate conjugates of 4-chlorocatechol. 
p-Chlorophenol and 3,4dihydro-3,4-dihydroxy- 
chlorobenzene were minor metabolites. p-Chlo- 
rophenylmercapturic acid and phenolic metabo- 
lites of chlorobenzene have been detected in the 
urine of rats as well(Gil1ham and Young, 1968). 

Using “T-chlorobenzene, Smith et al. (1972) 
reported that rabbits excreted 20% of the admin- 
istered dose in urine, 2.5% in feces, and retained 
1% in the carcass (the animals were treated twice 
daily with 500 mg “C-chlorobenzene for 4 days, 
and excreta were collected during dosing and for 
3 days thereafter). These authors speculated that 
the radioactivity not accounted for in urine, 
feces, and carcass, approximately 77% of the 
administered dose, was excreted via the lungs. 
The distributions of urinary metabolites in the 
study of Smith et al. (1972) were similar to those 
described in the preceding paragraph. Smith et 
al. (1972) speculated that the metabolites arose 
from the initial formation of an arene oxide 
intermediate, as indicated in Figure 1. 

Biochemical and Subcellular Effects 
Brodie and colleagues have postulated that a 

chemically reactive metabolite is formed in vivo 
from several aromatic organohalide com- 
pounds, including chlorobenzene, and that such 
a reactive intermediate could be the cause of the 
commonly observed liver necrosis (Brodie et al., 
1971). Further studies by this group demon- 
strated in both rats and mice that a metabolite of 
chlorobenzene, possibly the arene oxide inter- 
mediate, bound irreversibly to macromolecules 
(e.g., proteins) in the kidney, liver, and lung 
(Reid, 1973; Reid et al., 1973). Since the micro- 
somal enzyme inducer phenobarbital enhanced 
both binding and toxicity, while the microsomal 
enzyme inhibitor piperonyl butoxide reduced 
both of these effects, chlorobenzene appeared to 
be oxidized by liver enzymes to a toxic, 
chemically reactive product, ostensibly an arene 
oxide. More definitive studies have been con- 
ducted with the structurally similar chemical 
bromobenzene, for which it has been demon- 
strated that conjugation of a reactive metabolite 
(an arene oxide) with glutathione is a detoxifica- 
tion reaction (Jollow and Smith, 1977). The 
reactive bromobenzene metabolite appears to 
interact with endogenous, cellular reduced glu- 
tathione in preference to other cell macromole- 
cules; irreversible binding to cell structures and 
acute liver toxicity occur only when glutathione 
has been substantially depleted (Jollow and 
Smith, 1977). Although similarities in the 
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TABLE 1. TOXIC EFFECTS FROM LONGTERM EXPOSURETO CHLOROBENZENE 

Species Dose Duration Effects Reference 

Rats 

Dogs 

250 mg/ kgld 
(oral) 

212.5 mg/kg/d 
(capsule) 

Rats 75 or 250 ppm 
and (inhalation) 
Rabbits 

Rats, 475 ppm 
Rabbits, (inhalation) 
Guinea 
Pigs ~,OOO ppm 

(inhalation) 

M ice 2.5 mg/liter 
( 5 4  Ppm) 
(inhalation); 
0.1 mg/liter 
(22 ppm) 
(inhalation) 

Sd/wk x 192 d 

5d/ wk x 192 d 

93-99 d 

up to 92 d 

lhr ld ,  Sd/wk 
x 24 wks 

lhr /d ,  Sdlwk 
x 4 4 d  

7hrld, Sdlwk 
x 4 4 d  

7hrld x 3wk 

lhr ld  x 3mO 

Increased liver and kid- 
ney wts; "pathologic" 
liver effects 
Increased liver and 
kidney wts; hepatic cirr- 
hosis, focal liver necro- 
sis, decreased spleen wt 

Increased liver and kid- 
ney wts, no histopath- 
ological changes 

Death in 418 treated dogs 
in 3 wks; histopatho- 
logical changes in liver, 
kidney, gastrointestinal 
tract, and hematopoietic 
system; increase in 
immature circulating 
leukocytes 

No deaths or changes in 
body wt gains, increased 
liver and kidney wts at 
250 ppm; renal tubular 
regeneration in rats; 
transient hematologic 
changes in rats 

Liver, kidney, lung 
lesions, increased liver 
wt in guinea pigs. 
Liver, kidney, and lung 
lesions in all species 

Mortality, wt loss, 
fatty degeneration of the 
liver, and leukopenia. 
Leukopenia 

Deichmann, 
1981 

Knapp et al., 
1971 
(abstract) 

Knapp et al., 
1971 
(abstract) 

NIOSH, 1977 

Deichmann, 
1981 

Zub, 1978 

Chlorobenzene 14 



I. INTRODUCTION 

Cl Cl 

I 

REARRANGEMENT 

CHLOROBENZENE 

OH 

Figure 1. Metabolism of Chlorobenzene 

metabolism and acute toxic effects of chloro- 
and bromobenzene suggest a similar relation- 
ship for chlorobenzene and hepatic glutathione, 
confirming studies with chlorobenzene have not 
been reported. 

Genetic Toxicity 
Additions of 0.05 or 0.1 ml of chlorobenzene 

to liquid suspension cultures of Actinomycetes 
antibioticus-400 were reported to cause concen- 
trationdependent increases in the number of 
revertants (back-mutations; Keskinova, 1968). 
The chlorobenzene was identified as "pure". 
Lawlor et al. (1979) reported in abstract form 
that chlorobenzene was not mutagenic in Salmo- 
nella typhimurium strains TA98, TA100, 
TA1535, TA1537, or TAl538, with or without 
the addition of an S9 fraction from the liver of 
Aroclor 1254Q-treated rats, and did not produce 
DNA damage in E. coli strains WP2 uvr A+ 
rec A+ or WPl00 uvr A- rec A-, or S. typhi- 
murium strains TA1978 uvr B+ or TA1538 uvr 

' B-, Doses and response rates were not pro- 
vided. There was also no evidence of chloroben- 
zene mutagenicity in S. typhimurium strains 
TA98, TA100, TA1535, or TA1537, with or 
without metabolic activation as reported by a 

OH 

second group (NTP, 1982; see Appendix K). 
Because of the conflicting reports of mutagenic 
potential in bacterial systems and the lack of 
study in non-bacterial systems, no firm conclu- 
sion can currently be made regarding the geno- 
toxic potential of chlorobenzene*. 
Rationale for Testing 

Chlorobenzene was selected for testing in the 
Bioassay Program because of its relatively large 
volume of production, the lack of prior chronic 
(more than 1 year of exposure in rodents) toxic- 
ity testing, and because of its detection in drink- 
ing water supplies (Dowty et al., 1975). 

*The National Toxicology Program (NTP) is 
aware that the Chlorobenzene Producers 
Association, under the auspices of the Chemi- 
cal Manufacturers Association, has proposed 
to the U.S. Environmental Protection Agency 
a Voluntary Health Eflects Test Program for 
Chlorobenzenes. As a part of this program 
monochlorobenzene will be tested for poten- 
tial to induce DNA repair(unschedu1ed DNA 
synthesis) and neoplastic transformation in 
rat liver cells in vitro (personal communica- 
tion, Dr. C. Stack, Chemical Manufacturers 
Association). 
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II. MATERIALS AND METHODS: CHEMICAL ANALYSES 

CHEMICAL ANALYSES 

Chlorobenzene was obtained in a single lot 
(No. 77022) from Textile Chemical Company 
(Baltimore, MD). Purity and identity analyses 
were conducted at Midwest Research Institute 
(Appendix L). The test chemical was determined 
to be >99% pure based on the following: fifteen 
impurities with a combined area of less than 
0.1% of the major peak were detected by vapor- 
phase chromatography, and the infrared, ultra- 
violet/ visible, and nuclear magnetic resonance 

spectra were consistent with those in the litera- 
ture for chlorobenzene. 

Chlorobenzene was stored in the dark at room 
temperature at the performing laboratory (Bat- 
telle Columbus). The bulk chemical was reana- 
lyzed periodically at Battelle Columbus Labora- 
tories by gas chromatography and infrared 
spectroscopy. These analyses indicated that the 
test material remained stable throughout the 
period of storage at the laboratory. 

DOSE PREPARATION 

Appropriate amounts of chlorobenzene and oil mixtures were periodically analyzed at Bat- 
corn oil were mixed with a stirring bar for 15 telle Columbus Laboratories (Appendix N). 
minutes in a graduated cylinder (Table 2). Results of these analyses and of referee analyses 
Chlorobenzene at a concentration of 2% (w/v) at Midwest Research Institute indicated that the 
was found to be stable at 25OC for 7 days analyzed mixtures were properly formulated. 
(Appendix M). Samples of chlorobenzene/ corn 

SINGLE-DOSE STUDIES 

Weanling male and female F344/N rats and 2,000, or 4,000 mg/kg. All animals were 
hybrid B6C3F1 (C57BL/6N x C3H/HeN observed twice daily for mortality for the suc- 
MTV-) mice were obtained from Harlan Indus- ceeding 14 days. 
tries and held in quarantine for 16 days before Animals were housed five per cage and 
the test began. Chlorobenzene in corn oil was received water and feed ad libitum. Details of 
administered to groups of five rats and mice of animal maintenance are presented in Table 2. 
each sex by gavage at doses of 250, 500, 1,000, Necropsies were not performed in this study. 

FOURTEEN-DAY STUDIES 

Weanling male and female F344/N rats and 
B6C3F1 mice were obtained from Harlan Indus- 
tries and held inquarantine for 14-15 days before 
the study began. The animals were 6-7 weeks old 
when placed on study. 

Groups of five rats of each sex were adminis- 
tered chlorobenzene in corn oil by gavage at 
doses of 0, 125,250,500, 1 ,OOO, or 2,000 mg/ kg 
for 14 consecutive days. Groups of five mice of 
each sex were administered doses of 0, 30, 60, 

125,250, or 500 mg/ kg in corn oil by gavage on 
the same schedule. 

Animals were housed five per cage and 
received water and feed ad libitum. Details of 
animal maintenance are presented in Table 2. 
The rats and mice were observed twice daily for 
mortality and were weighed weekly. Necropsies 
were performed on all animals. No microscopic 
analyses were performed in this study. 
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II. MATERIALS AND METHODS: THIRTEEN WEEK-STUDIES 

THIRTEEN-WEEK STUDIES 

Four-week-old male and female F344/N rats 
and 5- to 6-week-old B6C3F1 mice were 
obtained from Harlan Industries, observed for 2 
weeks in quarantine, and then were assigned to 
cages according to a table of random numbers. 
The cages were assigned to dosed and vehicle 
control groups according to a second table of 
random numbers. 

Rats and mice were housed five per cage and 
received water and feed ad libitum (Table 2). 
Groups of 10 rats and 10 mice of each sex were 
administered chlorobenzene in corn oil by ga- 
vage, 5 days per week for 13 weeks, at  doses ofO, 
60, 125, 250, 500, or 750 mg/ kg. Animals were 
checked twice daily for mortality and signs of 
moribundity. Clinical signs were recorded daily. 
Individual body weight data were collected 
weekly. Final body weights were recorded after 
13 weeks of treatment. 

A 24-hour sample of urine was collected from 
survivors in the control and two highest dose 
groups during week 13 of the study. The animals 
were placed in polycarbonate metabolism cages 
(Maryland Plastics, New York) designed for 
separate collection of urine and feces. Food and 
water were provided adlibiturn. Rats were caged 
singly; mice were caged in groups of 3-6. The 
urine was analyzed for pH, protein, glucose, 
ketones, bilirubin and occult blood with reagent 
strips (Bililabstix, Ames Corp., Elkhart, 1N). 
Urinary specific gravity was measured with a 
refractometer and creatinine concentration by 
spectrophotometric methods. Uroporphyrins 
and coproporphyrins in the urine were measured 
by the procedure described in Appendix 0. 

All animals were killed during a 2-day period 
following the 13 weeks of treatment. Blood sam- 
ples were collected from the orbital venous 
plexus the day before death, and analyzed for 
hemoglobin content, packed cell volume, total 
and differential white blood cell count, red blood 

cell count, mean corpuscular volume, platelet 
count and reticulocyte count. Another sample of 
blood was collected by cardiac puncture at sacri- 
fice and analyzed for alkaline phosphatase, glu- 
tamic pyruvic transaminase and gamma- 
glutamyl transpeptidase activities, and for 
bilirubin, cholesterol, triglyceride, urea nitrogen 
(BUN), total protein and globulin contents. Ter- 
minal body weights were recorded at sacrifice, 
after exsanguination. Lung, liver, heart, spleen, 
thymus, brain, kidney (right), and testis (right), 
or ovary (right) and uterus were removed and 
weighed. Organ weight to terminal body weight 
ratios were calculated. 

Total porphyrin contents in liver samples col- 
lected at necropsy were measured according to 
the methods described in Appendix 0. 

The following tissues were examined histolog- 
ically from control, 500, and 750 mg/ kg groups 
of rats and from control, 250, 500, and 750 
mg/ kg groups of mice: gross lesions, skin, man- 
dibular or mesenteric lymph nodes, mammary 
gland, salivary gland, vertebrae with marrow, 
femur, thymus, trachea, lungs and bronchi, 
heart, thyroid, parathyroid, esophagus, stom- 
ach, small intestine, colon, liver, gallbladder 
(mice), pancreas, spleen, kidneys, adrenals, uri- 
nary bladder, prostate/ testes or ovaries/uterus, 
brain, and pituitary. Tissues were preserved in 
10% neutral buffered formalin, embedded in 
paraffin, sectioned, and stained with hematox- 
ylin and eosin. 

Other histologic examinations were limited to 
the kidneys, bone marrow, and liver for male 
and female rats administered 250 mg/kg; the 
liver and kidneys of rats administered 125 
mg/ kg; the liver, kidneys, spleen, thymus, and 
bone marrow of mice administered 125 mg/ kg; 
and the liver of mice administered 60 mg/ kg. For 
lipid content analysis, sections of frozen liver 
were prepared and stained with Oil Red 0. 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 

TWO-YEAR STUDIES 

Study Design 
Groups of 50 male and 50 female rats and 

groups of 50 female mice were administered 
chlorobenzene in corn oil by gavage, 5 days per 
week for 103 weeks, at  doses of 0 (vehicle con- 
trol), 60, or 120 mg/ kg. Groups of 50 male mice 
received doses of 0,30, or 60 mg/ kg on the same 
schedule. Untreated controls consisted of 50 
male and 50 female rats and mice. 

Source and Specifications of 
Test Animals 

Four-week-old F344/ N rats and hybrid 
B6C3F1 (C57BL/6N X C3H/HeN MTV-) mice 
were obtained from Charles River Breeding 
Laboratories, observed for approximately 2 
weeks in quarantine, and assigned to cages 
according to a table of random numbers. The 
cages were also assigned to dosed and vehicle 
control groups according to a table of random 
numbers. 

A quality control skin grafting program has 
been in effect since early 1968 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 incompat- 
ibility between the NIH C3H reference colony 
and the C3H colony from a Bioassay Program 
supplier. In August 1981, inbred parental lines of 
mice were further tested for genetic homogeneity 
via isozyme and protein electrophoregrams 
which demonstrate phenotype expressions of 
known genetic loci. 

The C57BL/6 mice were homogeneous at all 
loci tested. Eighty-five percent of C3H mice 
monitored were variant at  one to three loci, indi- 
cating some heterogeneity in the C3H line from 
this supplier. Nevertheless, the genome of this 
line is more homogeneous than those 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 studies. The influence of the potential 
genetic non-uniformity in the hybrid mice on the 
test results is not known, but should not affect 

the validity of the studies since matched concur- 
rent controls were included. 

Sentinel Animals* 
Rodents used in the Bioassay Program of the 

National Toxicology Program are produced in 
optimally clean facilities to eliminate potential 
pathogens that may have an  impact on  the 
testing data. The sentinel animal program is a 
key aspect of periodic disease monitoring of the 
animals. Under this program, the disease state of 
the rodents is monitored via viral serology from 
extra (sentinel) animals in the test rooms. These 
animals are untreated, but are exposed to the 
same environment as are the test animals. The 
sentinel animals originate from the same pro- 
duction source and weanling groups as the ani- 
mals used for the bioassay, 

Fifteen B6C3F1 mice of both sexes and fifteen 
F344/N rats of both sexes were selected at the 
time of randomization and allocation of animals 
to the various study groups. These animals were 
designated as sentinel animals, housed in the 
same animal room as were the test animals, and 
subjected to the same experimental conditions 
(with the exception that neither the test material 
nor the vehicle was administered). These animals 
were sacrificed and bled according to the follow- 
ing schedule. Five animals of each group were 
killed at 6,12, and 18 months ofstudy. For the24 
month data points, 51 50 control animals of each 
sex and species were randomly selected for 
bleeding. The blood from each animal was col- 
lected, allowed to clot and the serum was sepa- 
rated, The serum was diluted 1 5  with buffered 
saline and shipped to the Murine Virus Diagnos- 
tic Laboratory of Microbiological Associates for 
determination of the viral titers. 

~~ 

* Since the precise significance of elevated viral 
antibody titers to rodent response to chemical 
toxicants is unknown at present, attempts to 
interpret the possible effect of elevated titers 
on the findings of this study will not be made. 
The data are listed in Appendix J, however, 
for future reference. 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 

The following screens were performed: 

M ice 

Rats 

Hemagglutination Complement 
Inhibition Fixation Elisa* 

PVM (Pneumonia virus of M.  Ad. (Mouse MHV (Mouse hepati- 

Reo 3 (Reovirus 3) 
GDVll (Theiler's encephalo- choriomeningitis 

Poly (Polyoma virus) 
Sendai (Sendai virus) 
MVM (Minute virus of mice) 
Ectro (Ectromelia virus) 

PVM (Pneumonia virus of 

Sendai (Sendai virus) 
KRV (Kilham rat virus) 
H-1 (Toolan's H-1 virus) 

mice) adenovirus) tis virus) 
LCM (Lymphocytic 

myelitis virus) virus) 

RCV (Rat corona 
mice) virus) 

*Elisa = Enzyme-linked immunosorbent assay 

The viral antibody titers in serum from sen- 
tinel animals in this study are summarized in 
Appendix J. 
Animal Maintenance 

Rats and mice were housed five per cage in 
polycarbonate cages covered with polyester fil- 
ter sheets (Table 2). Cages and bedding were 
replaced twice per week. Feed and water were 
available ad libitum. 

The temperature in the animal room was 20°- 
26OC and the humidity was 40%-70%. Fifteen 
changes of room air per hour were provided. 
Fluorescent lighting was provided 12 hours per 
day. 

Clinical Examinations and Pathology 
All animals were observed twice daily for mor- 

tality and moribundity. Clinical signs were 
recorded daily. Individual body weights were 
recorded once per week for the first 13 weeks and 
then monthly thereafter. The mean body weight 
of each group was calculated by dividing the 
total weight of all animals in the group by the 
number of surviving animals in thegroup. Mori- 
bund animals and animals that survived to the 
end of the study were killed and necropsied. 

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 2. 

Necropsies were performed on all animals 
found dead and on those killed at the end of the 
study, unless precluded in whole or in part by 
autolysis or cannibalization. Thus, the number 
of animals from which particular organs or 
tissues were examined microscopically varies 
and is not necessarily equal to the number of 
animals that were placed on study in each group. 
The classification of proliferative lesions of the 
liver in rats was performed according to the 
recommendations of Squire and Levitt (1975) 
and the National Academy of Sciences (1980). 

When the pathology examination was com- 
pleted, the slides, individual animal data 
records, and summary tables were sent to an 
indepmdent quality assurance laboratory. Indi- 
vidual animal records and tables were compared 
for accuracy, slides and tissue counts were veri- 
fied, and histotechniques were evaluated. All 
tumor diagnoses, target tissues for neoplastic 
change, and tissues from a randomly selected 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 

10% of the animals were evaluated by an expe- 
rienced rodent pathologist. Slides of all neoplas- 
tic target tissues and those on which the original 
and quality assurance pathologists disagreed 
were submitted to the Chairperson of the 
Pathology Working Group (PWG) for evalua- 
tion. Representative slides selected by the PWG 
Chairperson were reviewed in a blind fashion by 
the PWG% pathologists, who reached a consen- 
sus and compared their findings with the original 
diagnoses. When conflicts arose, the PWG sent 
the appropriate slides and their comments to the 
original pathologist for review. (This procedure 
has been described, in part, by Ward et al., 1978; 
and Maronpot and Boorman, 1982). The final 
diagnosis represents a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. 

Sections of livers from all male and female rats 
were reread in a blind fashion by an independent 
pathologist due to the equivocal nature of the 
nonneoplastic liver changes. The diagnoses of 
both pathologists (original and second) are 
illustrated. 

Data Recording and Statistical 
Methods 

All clinical chemistry, hematologic, and organ 
weight data were analyzed using Dunnett's mul- 
tiplecomparison test (Miller, 1981). Data onthe 
2-year experiment were recorded in the Carcino- 
genesis Bioassay Data System (Linhart et al., 
1974). The data elements include descriptive 
information on the chemicals, animals, experi- 
mental design, clinical observations, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Probabilities of survival were estimated by the 
product-limit procedure of Kaplan and Meier 
(1958) and are presented in this report in the 
form of graphs. All animals dying from acciden- 
tal causes were statistically censored at the time 
of death. 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) extensions of Cox's methods for 
testing for a dose-related trend. All reported P 
values for the survival analysis are two-sided. 

The incidence of neoplastic or nonneoplastic 
lesions has been given as the ratio of the number 
of animals bearing such lesions at  a specific ana- 
tomic site to the number of animals in which that 

site was examined. In most instances, the 
denominators include only those animals for 
which that site was examined histologically. 
H owever, when macroscopic examinat ion was 
required to detect lesions (e.g., skin or mammary 
tumors) prior to histologic sampling, or when 
lesions could have appeared at multiple sites 
(e.g., lymphomas), the denominators consist of 
the numbers of animals necropsied. 

For the statistical analysis of tumor incidence 
data, two different methods of adjusting for 
intercurrent mortality were employed. Each 
used the classical methods for combining contin- 
gency tables developed by Mantel and Haenszel 
(1959). Tests of significance included pairwise 
comparisons of high and low dose groups with 
controls and tests for overall dose-response 
trends. 

The first method of analysis assumed that all 
tumors of a given type observed inanimalsdying 
before the end of the study were"fata1"; i.e., they 
either directly or indirectly caused the death of 
the animal. According to this approach, the pro- 
portions of tumor-bearing animals in the dosed 
and control groups were compared at each point 
in time at which an 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 at the end of the study, were then 
combined by the Mantel-Haenszel methods to 
obtain an overall P value. This method of 
adjusting for intercurrent mortality is the life 
table method of Cox (1972) and of Tarone 
(1975). 

The second method of analysis assumed that 
all tumors of a given type observed in animals 
dying before the end of the study were "inciden- 
tal"; i.e., they were merely observed at autopsy in 
animals dying of an unrelated cause. According 
to this approach, the proportions of animals 
found to have tumors in dosed and control 
groups were compared in each of five time inter- 
vals: 0-52 weeks, 53-78 weeks, 79-92 weeks, week 
93 to the week before the terminal kill, and the 
terminal kill period. The denominators of these 
proportions were the number of animals actually 
autopsied during the time interval. The individ- 
ual time interval comparisons were then com- 
bined by the previously described methods to 
obtain a single overall result. (See Pet0 et al., 
1980, for the computational details of both 
met hods.) 
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II. MATERIALS AND METHODS: TWO-YEAR STUDIES 

In addition to these tests, one other set of 
statistical analyses was carried out and reported 
in the tables analyzing primary tumors: the 
Fisher exact test for pairwise comparisons and 
the Cochran-Armitage linear trend test for dose- 
response trends (Armitage, 1971; Gart et al., 
1979). These tests were based on the overall pro- 
portion of tumor-bearing animals. All reported 
P values for the tumor incidence analyses are 
one-sided. 

For studies in which there is little effect of 
compound administration on survival, the 
results of the three alternate analyses will gener- 
ally be similar. When differing results are 
obtained by the three methods, the final inter- 
pretation of the data will depend on the extent to 
which the tumor under consideration is regarded 
as being the cause of death. 

Statistical analyses employed only the vehicle 
controls, unless specified otherwise. 
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TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS 
B 
i SinglcDosc Studies 14-Day Studka 13-Week Studies 2-Year Studies 

Experimental Design 

Size of Test Groups 

Doses 250,500, 1,000, 2,000, or 

5 males and 5 females 
of each species 

4,000 mg/ kg in corn oil by 
gavage; dose vol., 5 ml/ kg 

Duration of Dosing 

Type and Frequency 
of Observation 

Necropsy and Hist- 
ologic Examination 

Single dose 

Observed twice daily for 
clinical signs of toxicity 

N o  necropsies performed 

5 males and 5 females 
of each species 

Rats: 0, 125, 250, 500, I,OOO, 
or 2,000 mg/ kg in corn oil by 
gavage; dose vol., 5 ml/ kg 
Mice: 0, 30, 60, 125, 250, or 
500 mg/ kg in corn oil by 
gavage; dose vol., 5 ml/ kg 

Fourteen consecutive days 

Observed twice daily for 
clinical signs of toxicity 

Necropsies performed on all 
animals 

10 males and 10 females 
of each species 

0, 60, 125, 250, 500, or 750 
mg/ kg in corn oil by gavage; 
dose vol., 5 ml/ kg 

Five days per week for 
13 weeks 

Observed twice daily for 
mortality and morbidity; 
individual animal weights 
measured weekly 

Necropsies performed on all 
animals; control, 500, and 
750 mg/ kg rats and control, 
250, 500, and 750 mg/ kg mice 
examined histopathologically 
(selected tissues). 

50 males and 50 females 
of each species 

Rats: 0, 60, or 120 mg/kg 
in corn oil by gavage; 
dose vol.. 5 ml/ kg 
Mice: Females, 0, 60, or 
120 mg/ kg; dose vol., 5 
ml/ kg. Males: 0, 30, or 
60 mg/ kg; dose vol., 5 

Five days pcr week for 
103 weeks 

Observed twice daily for 
mortality and moribundity; 
weighed weekly for 13 
weeks then monthly 

Necropsies and histo- 
pathological examinations 
performed on all animals, 
including: gross lesions, 
tissue masses. mandibular 
lymph nodes. salivary 
gland, sternebrae (includ- 
ing marrow). thyroid, para- 
thyroid. small intestine, 
colon. liver, gallbladder 
(mice), seminal vesicles/ 
prostate testes or ovaries/ 
uterus, lungs and mainstem 
bronchi, mammary gland, 
heart. esophagus, stomach, 
skin. brain, thymus, 
trachea. pancreas, spleen, 
kidneys. adrenals, urinary 
bladder, and pituitary. 

ml/ kg 



TABLE 2. EXPERIMENTAL ,DESIGN AND MATERIALS AND METHODS (Continued) 

Single-Dose Studies 14-Day Studies 13-Week Studies 2-Year Studies 

FLYd 

Bedding 

Water 

Cages 

Cage Filters 
8 

1 I 

Animals and Animal Maintenance 

Species F344: N rats; 
B6C3F1 mice 

Animal Source Harlan Industries 
(Indianapolis. IN) 

Time Held Before I h  days 
Start of Test 

Age When Placed 
on Study Mice: 5-6 weeks 

Age When Killed Rats: 8 weeks 
Mice: 7-8 weeks 

Method ot Animal Assigned by species and 
sex to cages according to 
table of random numbers; 
cages assigned to control 
and dosed groups according 
to another table of random 
numbers 

PurinaQ Laboratory 
Chow (pellets), Ralston 
Purina Co. (St. Louis, MO) 

Ab-sorb-dri@ hardwood 
chips, Lab Products, Inc. 
(Garfield. NJ) 

Edstrom automatic watering 
system (Waterford, W1) 

Polycarbonate 
Lab Products, Inc. 
(Garfield. NJ)  

Spun-bonded polyester 
(Dupont 2024) 

Rats: 6 weeks 

Distribution 

F344/N rats; 
B6C3F1 mice 

Same as single-dose study 

Rats: 14 days 
Mice: 15 days 

Rats: 6 weeks 
Mice: 7 weeks 

Rats: 8 weeks 
Mice: 9 weeks 

Same as single-dose study 

F344/N rats; 
B6C3F1 mice 

Same as single-dose study 

14 days 

Rats: 6 weeks 
Mice: 7 weeks 

Rats: 19 weeks 
Mice: 20 weeks 

Same as singledose study 

F344/N rats; 
B6C3F1 mice 

Charles River Breeding 
Laboratories (Portage, M I) 

Rats: 17 days 
Mice: 14 days 

7 weeks 

I I I weeks 

Same as singledose study 

Same as single-dose study Same as single-dose study Same as single-dose study 

Same as single-dose study Same as single-dose study Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

Same as single-dose study 

Same as singledose study 

Same as single-dose study Same as single-dose study Same as single-dose study 



TABLE 2. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS (Continued) 
c1 

f Single-Dose Studies l4-Day Studies 13-Week Studies %Year Studies 

I Animals Per Cage Five Five Five 
I 

Animal Room 
Environment 

Other Chemicals on 
Test in Same Room 

ChemicaI/Vehicle 
Mixture 

Preparation 

Maximum Storage 

Storage Conditions 

Time 

2l0-23OC; 40%60% ml- 
ative humidity; 12 hrs 
fluorescent light per day; 
15 room air changes per hr 

Weighed quantity of 
chloro benzene adjusted to 
highest dose level by mix- 
ing with corn oil in 
volumetric flask. Lower 
dose levels prepared by 
dilution of measured vol- 
ume of high dose formu- 
lation with corn oil 
- 

Same as singledose study Same as single-dose study 

- None 

Same as single-dose study Chlorobenzene mixed with corn 
oil (w/v) to prepare highest 
dose; mixture stirred for I5 
minutes. Lower dose levels 
prepared by sequential di- 
lution of measured volume of 
high dose formulation with 
corn oil 

Prepared weekly Prepared weekly 

Five 

relative humidity; 15 
room air changes per hr; 
12 hrs fluorescent light 
per day 

None 

20' to  26°C; 409&70% 

Same as 13-week study 

12 days 

4OC until day of use 



III. RESULTS 

RATS 

SINGLE-DOSE STUDIES 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Antibody Titers 
Survival 
Pathology and Statistical Analyses of Results 

MICE 

SINGLE-DOSE STUDIES 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Antibody Titers 
Survival 
Pathology and Statistical Analyses of Results 
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III. RESULTS: RATS-SINGLE-DOSE STUDIES 

SINGLE-DOSE S'rUDIES 

Three of five males and 4/ 5 females adminis- 
tered 4,000 mg/ kg chlorobenzene died on day 2 
(Table 3). Another male rat in each of the 2,000 
and 500 mg/ kg groups died on day 2, as did two 
females in the 1000 mg/kg group on day 3. 
Hunched back, ataxia, labored breathing, and 

prostration were observed for 6 hours after the 
rats received the 4,000 mg/ kg dose; these effects 
were present to a lesser extent in animals admin- 
istered 2,000 mg/ kg, but not in lower dose ani- 
mals. Necropsies were not performed in this 
study. 

FOURTEEN-DAY STUDIES 

All rats receiving 1,000 or 2,000 mg/ kg died 
by the end of the study, many during the first few 
days of treatment (Table 4). The rats receiving 
2,000 mg/ kg often became prostrate and failed 
to respond to external stimuli after chemical 

administration. These effects reversed partially 
within 6 hours and were absent within 24 hours 
post-dosing. Similar, but much milder, effects 
were observed in the rats at 1,000 mg/ kg. 

THIRTEEN-WEEK STUDIES 

Nine of ten males and 8/10 females that 
received 750 mg/ kg, and 4/ 10 males and 3/  10 
females that received 500 mg/ kg died before the 
end of the study. Most of the deaths occurred 
during the latter half of the study(Tab1e 5). Final 
mean body weights were depressed by 10% or 
more relative to controls for males that received 
250 mg/kg or more, and for females that 
received 500 mg/ kg or more. 

Compound-related changes in hematological 
parameters were not observed, except for a 
decreased white blood cell count in the two sur- 
viving female rats at 750 mg/ kg and an increased 
reticulocyte percentage in the surviving male rat 
at this dose (Appendix F, Table FI).  Gamma- 
glutamyl transpeptidase (GGTP) and alkaline 
phosphatase activities were increased slightly in 
females receiving 500 or 750 mg/ kg but no con- 
sistent effects were observed on the other serum 
chemistries (Appendix F, Table F2). 

Due to early deaths, the numbers of individual 
urine samples obtained were 9, 7 and 4 for male 
rats in the control, 500 and 750 mg/ kg groups, 
and 10,7 and 2 for female rats in the control, 500 
and 750 mg/kg groups. Twenty-four hour urine 
output was increased more than twofold in male 
rats at 750 mg/kg (Appendix F, Table F3). 

Urinary uroporphyrin excretion was increased 
in male rats at 750 mg/ kg, and urinary copro- 
porphyrin excretion was increased in male rats 
at 500 and 750 mg/ kg and in female rats at 500 
mg/ kg (Appendix F, Table F3). (The lack of a 
statistically significant increase in copropor- 
phyrin excretion in female rats at 750 mg/ kg 
may have been related to the small sample size). 
Changes were not observed in hepatic total por- 
phyrin concentrations in the rats (Appendix F, 
Table F3). 

At terminal sacrifice, liver- and kidney-to- 
body weight ratios were increased in male and 
female rats treated with the higher chloroben- 
zene doses (liver, 125 (females, only), 250, 500 
and 750 mg/kg; kidney, 500 and 750 mg/kg) 
(Appendix F, Tables F4 and F5). In male rats, 
absolute liver and kidney weights were not 
increased, and the relative organ weights were 
increased only in those groups where body 
weight was depressed. In female rats, absolute 
kidney weight was increased only in the surviv- 
ing animal at 750 mg/kg, but absolute liver 
weights were increased at all chlorobenzene 
doses except 60 mg/ kg. Absolute and relative 
splenic weights were decreased inall chlorobenzene- 
treated groups of male rats (Appendix F, Table: 
F4). 
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TABLE 3. SURVIVAL OF RATS ADMINISTERED A SINGLE DOSE O F  CHLOROBENZENE IN CORN 
011, BY GAVAGE 

Survival (Day of Death) 

Males Females 

250 
500 

I .000 
2.OOo 
4.0(-)() 

5 /  5 
5 5  
3 5 (3 .3)  
51 5 
I 5 (2.2.2.2) 

TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS ADMINISTERED CHLOROBENZENE 
BY GAVAGE FOR 14 DAYS 

Final Body Weight 
Relative to 

Dose Survival (a) Controls (b) 
Mean Body Weight (grams) 

(mg/kg) (day of death) Initial Final Change (Percent) 

MALES 

0 
I25 
250 
500 

I.000 
2,000 

5 j 5  
515 
515 
515 
o/ 5 (3,4, IO, 14, 15) 
Oi5 (3,3,3,3,4) 

126 
1 I7 
I I I  
I IS 
IO8 
I09 

FEMALES 

0 
I25 
250 
500 

I ,Ooo 
2,000 

106 
I03 
99 
96 
98 
95 

138 
149 
I44 
I43 
- 

124 
I22 
1 I8 
110 

+I2 
+32 
+33 
+28 

- 
+ 8  
+ 4  
+ 4  

- 
- 2  
- 5  
-1  1 
- 

(a) Number surviving/ number per group. 
(b) Weight of the Dosed Group Relative to Controls 

Weight (Dosed Group) - Weight (Control Group) 
Weight (Control Group) * loo 
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TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS OF RATS ADMINISTERED CHLOROBENZENE 
BY GAVAGE FOR 13 WEEKS 

Final Body Weight 
Relative to 

Dose Survival Controls (c) 
Mean Body Weight (grams) 

(mg/kg) (4 Initial Final Change (b) (Percent) 

MALES 

0 
60 
I25 
250 
500 
750 

FEMALES 

0 
60 
I25 
250 
500 
750 

IO/ IO 
101 IO 
IO/ IO 
IO/ IO 
71 IO (e) 
21 IO (e) 

116 2 4  
1 1 7 ~ 3  
118i2 
l l 8 i 3  
I26 f 2 
120 

105 k 2 
101 f I 
101 i 1 
103 f 2 
100 i 2 
I l O I t 8  

294 i 2 
286f 7 
281 i 5 
258 i 5 
257 i 13 
257 

174i 4 
l75i 4 
l78f 4 
l78i 3 
l53i 8 
140 i 20 

1 7 8 i  4 
169i 7 
163& 4 
14oi 5 
I32 i 12 
137 

69i 3 
74i 4 
77i 4 
75i 3 
53i 8 
30 i 28 

- 
- 3  
- 4  
-12 
-I3 
-13 

- 
+ I  
+ 2  
+ 2  
-12 
-19 

(a) Number surviving, number initially in the group. All calculations are based on those animals surviving to 

(b) Mean weight change of the survivors of the group i standard error of the mean. 
(c) Weight of the Dosed Group Relative to the Controls = 

Weight (Dosed Group) - Weight (Control Group) 
Weight (Control Group) 

the end of the study. 

x 100 

(d) The weeks of the +tudy during which the individual male rats died were: 750 mg/ kg - I .  4. 8. IO. I I ,  I I ,  13. 

(e) The weeks ofthe study during which the individual female rats died were: 750 mg/kg- 8,8.8.8,8.8,  IO, 12; 
13. 13; 500 mg kg - 4. 8. I I. 13: 0 mg kg - 4. 

500mgikg-6,  IO, I I .  

Histologic examinations revealed chemically 
related changes in the liver, kidney, bone mar- 
row, spleen, and thymus. These changes were 
most apparent in the 500 and 750 mg/ kg groups 
(Table 6). Histopathologic lesions were graded 
according to perceived severity on a scale of 
minimal, mild, moderate, and severe. The liver 
lesions consisted primarily of centrilobular 
hepatocellular necrosis. (Increased staining with 
Oil Red 0 indicated that the lipid content of the 
liver was increased in this area.) The severities of 
the liver lesions were diagnosed as moderate at 
750 mg/ kg, minimal to moderate at 500 mg/ kg, 
and minimal at 250 mg/ kg, for both sexes of 
rats. 

Nephropathy was observed in both male and 
female rats at 750 mg/ kg and in male rats at  500 

mg/kg. The lesion was judged to be mild to 
moderate in severity. This “nephrosis” was char- 
acterized by proximal tubular degeneration and 
necrosis. The degeneration consisted of vacuo- 
lated tubular epithelial cells with indistinct cellu- 
lar borders. Fragments of these epithelial cells 
often appeared to protrude into the lumenofthe 
tubule. The distribution of degenerated cells 
within the kidney was diffuse. A number of gran- 
ular and proteinaceous casts were present in dis- 
tal tubules. Coagulative necrosis of tubular 
epithelial cells occurred in foci, generally in- 
volving 6-1 2 adjacent tubules. The severity oft he 
necrosis varied considerably from animal to 
animal. Tubular regeneration was observed in 
two female rats at 750 mg/ kg. 
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TABLE 6. INCIDENCE OF HISTOPATHOLOGIC LESIONS IN RATS ADMINISTERED 
CHLOROBENZENE IN THE 13-WEEK STUDY 

Lesion 
Bone Marrow- Spleen- Thymus- 

Dose Hepatic Hepatic Myeloid Lymphoid Lymphoid 
(mg/kg) Sex Necrosis Degeneration Depletion Depletion Depletion Nephropathy 

VEHICLE M 
CONTROL F 

I25 M 
F 

250 M 
F 

500 M 
F 

750 M 
F 

01 IO 
o/ IO 
01 IO 
01 IO 
21 IO 
I /  IO 
31 IO 
I /  IO 
7 /  IO 
61 IO 

o/ IO 
01 IO 
o/ IO 
01 IO 
o/ IO 
o/ IO 
21 IO 
01 IO 
I /  IO 
4 /  IO 

o/ IO 
o/ IO 
(a) 
(a) 

01 IO 
o/ IO 

2/ IO 
71 IO 

3/ IO 

91 IO 

o/ IO 
o/ 10 

(a) 
(a) 

01 IO 
01 IO 
o/ I O  
o/ IO 
4/ IO 
4/ I O  

01 IO 01 IO 
o/ 10 01 IO 
(0) 01 IO 
(a) 01 IO 

o/ IO I /  IO 
01 IO o/ IO 
o/ IO 2/ IO 
1/10 o/ IO 
21 IO 21 IO 
1/10 7 /  IO 

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

(a) Tissue not examined due to the lack of effect at the next higher dose. 

Lymphoid depletions of the thymus (mild to 
moderate) and spleen (minimal to mild) were 
observed in both sexes of rats at 750 mg/ kg, and 
myeloid depletion of the bone marrow (minimal 
to moderate) was observed in both sexes at 500 
and 750 mg/ kg. 

Doses of 60 and 120 mg/ kg chlorobenzene 
were selected for rats in the 2-year studies based 
on the following results from the short-term 
testing: 

1. Decreased survival at 500 and 750 mg/ kg/ 
day. 

2. Marginal to moderate depressions in body 
weight gains at 500 and 750 mg/ kg/ day. 

3. Dose-dependent hepatocellular necrosis at 
250, 500 and 750 mg/ kg/ day. 

4. Nephrotoxicity, and lymphoid or myeloid 
depletion of the spleen, bone marrow, and 
thymus at 500 and 750 mg/ kg/ day. 

5. Scattered changes in urinary and clinical 
chemistry, hematology, organ weight, and 
porphyrin metabolism parameters at 500 
and 750 mg/ kg/ day. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
Throughout the studies, mean body weights of Viral antibody titers are shownin Appendix J. 

dosed and vehicle control male rats were Positive titers of KRV (Kilham Rat Virus) were 
comparable (Figure 2, and Appendix G, Table 
GI). During the second year ofthestudies, mean 
body weights of dosed female rats were greater 
than those of the vehicle controls. No *The significance of elevated viral antibody titers 
compound-related clinical signs of toxicity were to the evaluation of animal response to chemical 
observed at any time during the studies. exposure is unknown at this time. 

Antibody Titers 

detected at 24 months*. 
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III. RESULTS: RATS-TWO-YEAR STUDIES 

Survival 
Estimates of the probabilities of survival of 

male and female rats administered chloroben- 
zene in corn oil at the doses of this bioassay, and 
those of the vehicle controls, are shown in Figure 
3. The survival of high dose male rats was signifi- 
cantly less than that observed for the vehicle 
controls (PzO.033). No other significant differ- 
ences in survival were observed. 

In male rats, 48/50 (96%) of the untreated 
controls, 49/ 50 (98%) of the vehicle controls, 
45/50(90%) of the low dose, and 41/50(82%)of 
the high dose animals were alive at  78 weeks. In 
female rats, 48/50 (96%) of the untreated con- 
trols, 39/50 (78%) of the vehicle controls, 37/50 
(74%) of the low dose, and 40/50 (80%) of the 
high dose animals were alive at  78 weeks. 

In male rats, 34/50 (68%) of the untreated 
controls, 39/50 (78%) of the vehicle controls, 
32/50 (64%) of the low dose, and 26/50 (52%) of 
the high dose group lived to the end of the study 
at 104 weeks. In female rats, 37/50 (74%) of the 
untreated controls, 29/50 (58%) of the vehicle 
controls, 30/ 50 (60%) of the low dose, and 3 1 / 50 
(62%) of the high dose group lived to the end of 
the study. 

There were 0, 2, 6 and 9 accidental deaths 
diagnosed in male rats in the untreated, vehicle 
control, low dose and high dose groups, respec- 
tively, and 0, 8, 9 and 7 accidental deaths diag- 
nosed in female rats in the untreated, vehicle 
control, low dose and high dose groups, respec- 
tively. All of these deaths were considered to  be 
related to gavage technique. One of the 17 acci- 
dental deaths in male rats and 11 of the 24 acci- 
dental deaths in female rats occurred during 
week 29 of the study. They were all attributed to 
replacement of the 3-inch feeding needles nor- 
mally used for gavage administration with 4-inch 
needles. Return to the use of 3-inch needles 
greatly reduced the frequency of accidental 
deaths. 

One low dose male rat, one highdose male rat, 
one low dose female rat, and two high dose 
female rats were suspected of dying from gavage- 
related trauma, although the observations were 
not definitive. Also the carcasses of two high 
dose male rats that died early were too autolyzed 
to determine a likely cause of death. For statisti- 
cal purposes, all of these animals were consid- 
ered nonaccidental deaths. 

Pathology and Statistical Analyses 
of Results 

Histopathologic findings on neoplasms in rats 
are summarized in Appendix A, Tables Al and 
A2; Appendix A, Tables A3 and A4 give the 
survival and tumor status for individual male 
and female rats. Findings on nonneoplastic 
lesions are summarized in Appendix C, Tables 
C l  and C2. Historical incidences of tumors in 
control animals are listed in Appendix H. 
Appendix 1, Tables I I  and 12, contain the statis- 
tical analyses of those primary tumors that 
occurred with an incidence of at least 5% in one 
of the three groups. The statistical analyses are 
discussed in chapter II  (Data Recording and 
Statistical Methods) and Appendix I (footnotes). 

Liver: An apparent increase in the occurrence 
of hepatocellular necrosis, and decreases in the 
occurrences of hepatocellular basophilic cyto- 
plasmic change and granulomatous inflamma- 
tion, were observed in chlorobenzene-treated 
male and female rats (Table 7). Upon a blind 
review of all liver sections by an independent 
pathologist, however, the occurrence of hepato- 
cellular necrosis in chlorobenzene-treated rats 
was found to be similar to that in controls (Table 
7). Both diagnosticians generally graded the 
necrotic lesions as minimal to mild in severity in 
all groups. Therefore, the evidence for mild 
chlorobenzene-induced hepatocellular necrosis 
in these studies is considered equivocal. 

According to the review of the liver sections, 
the number of sections with multiple basophilic 
foci (basophilic cytoplasmic change) was greater 
in the untreated and vehicle controls than in the 
chlorobenzene-treated male and female rats, and 
the number of foci per section in those sections 
with multiple foci was also greater in the control 
than in the treated groups (data not shown). 

Neoplastic nodules occurred in male rats with 
a significant positive trend, and the incidence of 
animals with neoplastic nodules was signifi- 
cantly higher in the high dose group than in the 
vehicle controls by all tests(Tab1e 8). Hepatocel- 
lular carcinomas were not observed in chloro- 
benzenedosed male rats; the combined inci- 
dence of neoplastic nodules or carcinomas was 
increased by life table analyses (trend test, and 
pairwise comparison of vehicle control and high 
dose groups). Increases in neoplastic nodules, 
hepatocellular carcinomas, or combined neo- 
plastic nodules or hepatocellular carcinomas 
were not observed in female rats. 
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'l';tBl.b: 7. S l 'b lRERS OF RATS WITH NONNEOPLASTIC LIVER LESIONS 

MALES FEMALES 
tintreated Vehicle 60 120 Untreated Vehicle 60 120 

Livers Control Control mg/kg mg/kg Control Control mg/kg mg/kg 
Examined: 50 50 49 49 49 50 50 50 

First Diagnosis (Original) 

Lesions 

Hepatocellular 

Cytoplasmic 

Necrosis (a) 2 I 4 5 0 0 I 7 

(Basophilic) 

Inflammation 

Change 25 27 6 3 38 27 18 IO 

(Focal. 
Granulomatous) 9 9 3 0 23 21 I I  I I  

Second Diagnosis (Independent Review) 

Hepatocellular 

Cytoplasmic 

Necrosis (a) 3 2 5 I I I 2 I 

(Basophilic) 
Change 28 40 12 12 43 34 26 18 

(a) Considered to be minimal to mild in severity. 
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TABLE 8. ANALYSIS OF LIVER TUMORS IN MALE RATS: STATISTICAL COMPARISONS OF 
TREATED TO VEHICLE CONTROLS 

Vehicle 60 120 Untreated 
Control Control mg/kg mg/kg 

Neoplastic Nodule 
Tumor Rates 

Overall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Carcinoma 
Tumor Rates 

Overall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Neoplastic Nodule or Carcinoma 
Tumor Rates 

Overall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

4 50(8%) 
10.4% 
2 34(6%) 

O i  50 (0%) 
0.0% 
0 34 (OR) 

4 50 (8%) 
10.4% 
2 34 (6%) 

2/50 (4%) 
4.55% 
0139 (0%) 

P.0.005 
P.0.01 I 
P-0.027 

2/50 (4%) 
5.1% 
2/39 (5%) 

P=O. I39N 
P.O. I39N 
P-0.098N 

4/50 (8%) 
9.4% 
2 39 ( 5 % )  

P-0.033 
P=0.054 
P=O. 12 I 

4/49 (8%) 
12.5% 
4/32 (13%) 

P=0.255 
P=0.290 

P-0.329 

0149 (0%) 
0.0%) 
0132 (0%) 

P=0.283N 
P=0.283N 

P=0.253N 

4/49 (8%J 
12.5% 
4/32 (13%) 

P=0.532 
P-0.570 

P=0.63 1 

8/49 (16%) 
29.3% 
7/26 (27%) 

P=O.OlO 
P-0.021 

P.0.043 

0149 (0%) 
0.0% 
0126 (0%) 

P=0.33 I N 
P=0.331N 

P=0.253N 

8,49 (16%) 
29.3% 
7/26 (27%) 

P-0.048 
P=0.083 

P=O. I68 

Lung: The aspiration of foreign bodies into 
the lung in both sexes of rats, and acute/chronic 
inflammation of the lung in female rats, were 
diagnosed at increased occurrences in the 
chlorobenzene-treated animals (Table 9). One of 
the 2 vehicle control male rats, 5 of the 15 low 
dose male rats, 7 of the 10 high dose male rats, 4 
of the 5 low dose female rats, and 5 of the 9 high 
dose female rats with foreign materials in the 
lung were considered to have died from gavage- 
related trauma, In contrast, the diagnosed 
Occurrences of focal granulomatous inflamma- 
tion of the lung were reduced by chlorobenzene 
administration in both sexes of rats (Table 9). 
Diagnoses of foreign body aspiration and focal 
granulomatous inflammation were not made for 
untreated control rats flable 9). 

Testis: Interstitial cell tumors were observed 
with a significant positive trend by the life table 
test, and the incidence in the high dose group was 
significantly higher than that in the vehicle con- 
trols by the life table test (Appendix I, Table 11). 
Statistical significance was not indicated by 

either the incidental tumor or Fisher exact 
tests. One of the interstitial cell tumors in a 
vehicle control rat was malignant; none of the 
tumors in the dosed groups were malignant. 

Urinary Bladder: A transitional cell papilloma 
was found in 1 /46 (2%) low dose and 1 /45 (2%) 
high dose male rats. This tumor type was not 
observed in untreated or vehicle controls. 

Kidney: A tubular cell adenocarcinoma was 
observed in one high dose female rat. This tumor 
type was not observed in untreated controls, 
vehicle controls, or low dose female rats. 

Pituitary: Adenomas in female rats, and ade- 
nomas, adenocarcinomas, or carcinomas (com- 
bined) in male rats occurred with significant 
negative trends (Table 10). The incidences in the 
high dose groups were significantly lower than 
those in the controls. 

Uterus: Endometrial stromal polyps were 
observed with a significantly lower incidence in 
the low dose group than in the controls 
(Table I I ) .  
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TABLE 9. COMPARATIVE INCIDENCES OF LUNG LESIONS IN MALE AND FEMALE RATS 

MALES (a) FEMALES (a) 

Untreated Vehicle 60 120 Untreated Vehicle 60 120 
Group: Control Control mg/kg mg/kg Control Control mg/kg mg/kg 

No. of lungs 
Examined 50 50 50 50 47 49 49 49 

LESION 

Aspiration. 

Inflammation. 

Inflammation. 

foreign body 0 (0) (b) 4 (3) 15 (IO) IO (3) 0 (0) O W )  5 (1) 9 (4) 

acuteichronic 7 2 9 4 2 I 7 I I  

focal granulo- 
matous 0 I I  4 I 0 14 8 2 

(a) Number of animals with the specified lesion. 
(b) The numbers in parentheses include only those animals that were not diagnosed as having died from gavage 

accidents. 

TABLE in. ANALYSIS OF PITUITARY TUMORS I N  RATS 

Untreated Vehicle 60 120 
Control Control mg/kg mg/kg 

MALES 

Adenoma 
Tumor Rates 

Overall 20149 (41%) 
Adjusted 47.55, 
Terminal 12/33 (36%) 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Adenoma, Adenocarcinoma or Carcinoma 
Tumor Rates 

Overall 20149 (41%) 
Adjusted 47.5% 
Terminal 12/33 (36%) 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

FEMALES 
Adenoma 
Tumor Rates 

Overall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

10!50 (20%) 
24.2% 
8/39 (21%)) 

P.O. I72N 
P.O. 109N 
P-0.047N 

I2/ 50 (24%) 
28.3% 
9/39 (23%) 

P-0.084N 
P=0.044N 
P=0.016N 

9/42 (21%) 
27.4% 
7/30 (23%) 

Ps0.477 
P.0.532 

P-0.534 

9/42 (21%) 
27.4% 
7/30 (23%) 

P=0.541N 
P=0.462N 

P-0.484N 

P.O. 162N 
P.O. 101 N 

P=0.046N 

3/47 (6%) 
10.6% 
2/25 (8%) 

P-0.015N 

23/46 (50%) 18/46 (39%) 13/43 (30% 27/48 (56%) 
63.6% 67.0% 56.1% 41.6% 
20135 (57%) 16/27 (59%) 15/29 (52%) 9/26 (35%) 

P-0.027N P.O. 146N P-0.039N 
P=O.O 16N P-0.252N P-0.02 1 N 
P=O.O36N 

P=0.201 N P=0.046N 
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TABLE 11. ANALYSIS OF ENDOMETRIAL STROMAL POLYPS OF THE UTERUS IN FEMALE RATS 

Tumor Rates 
Overall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Untreated Vehicle 60 120 
Control Control mg/ kg mg/kg 

9149 (18%) 16/50 (32%) 4/49 (8%) lOj50 (20%) 
23.2% 51.3% 13.3% 29.3% 
7/36 (19%) 14/29 (48%) 4/30 (13%) 8/31 (26%) 

P=0.060N P=0.002N P=0.090N 
P 0.0 5 9 N P=0.002N P=0.088N 
P=O.OSSN 

P=0.003N P=O. I27N 
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III. RESULTS: MICE-SINGLE-DOSE STUDIES 

SINGLE-DOSE STUDIES 

All male and female mice administered 2,000 
or 4,000 mg/ kg and all male mice administered 
1,000 mg/ kg died within 3 days (Table 12). At 
least one death occurred in all dosed groups 
except for female mice receiving 500 mg/kg. 

Hyperpnea was observed in nearly all of the 
dosed mice shortly after treatment. This effect 
had reversed within 24 hours. Necropsies or his- 
tological analyses were not performed. The 
cause of death in these studies are unknown. 

FOURTEEN-DAY STUDIES 

Although several deaths occurred during the observed at any time during the studies. 
Chemical-related effects were not observed at 
necropsy of the study survivors. Histological 
analyses of the tissues were not performed. 

repeated-dose studies (Table 13), none were con- 
sidered to be clearly compound related due to 
the lack of chemical-related gross pathologic 
effects. Clinical signs of toxicity were not 

THIRTEEN-WEEK STUDIES 

All males that received 500 or 750 mg/ kg died 
during the first week of the study, while all 
females that received 750 mg/ kg were dead by 
week 9 (Table 14). These data suggest that male 
mice might be more susceptible to the lethal 
effects of chlorobenzene than are female mice. 
Deaths also occurred in males at250 mg/ kg, and 
in females at 250 and 500 mg/ kg. Final body 
weights appeared to be lowered in male mice at 
250 mg/kg and in female mice at 500 mg/kg 
(Table 14). 

The results of hematologic and clinical chem- 
istry analyses failed to indicate any clear 
compound-related effects of chlorobenzene on 
the surviving mice (Appendix F, Tables F6 and 
F7). Due to early deaths and group caging, the 
numbers of individual urine samples obtained 
were 2,2, and 1 for male mice in the control, 125, 
and 250 mg/ kg groups, and 2,1, and 2 for female 
mice in the control, 250, and 500 mg/ kg groups. 

Group caging precluded reasonable statistical 
analysis of individual urine outputs. Consistent 
with the polyuria observed in male rats at 750 
mg/ kg, however, mean 24-hour urine volume 
per animal was 5 ml in 500 mg/ kg female mice, 
compared to 2 ml in control female mice (data 
not shown). Urinary coproporphyrin excretion 
was increased at 250 and 500 mg/ kg in female 
mice (Appendix F, Table FS). No changes were 
observed in liver total porphyrin concentrations 
in male or female mice. 

At terminal sacrifice, the absolute and relative 
(to body weight) weights of the liver were 
increased in (surviving) male mice at 125 and 250 
mg/ kg, and in (surviving) female mice at  250 and 
500 mg/ kg (Appendix F, Tables F9 and F10). 
Absolute and relative heart weights were 
decreased slightly (less than 20%) in all chloro- 
benzene-treated groups of male mice. 
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TABLE 12. SURVIVAL OF MICE ADMINISTERED A SINGLE DOSE OF CHLOROBENZENE IN 
CORN OIL BY GAVAGE 

Dose 
Survival (Day of Death) 

(mg/kg) Male Female 

150 
500 

I .Ooo 
2.000 
4.000 

(a) Death was due to gavage-related trauma. 

TABLE 13. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED CHLOROBENZENE 
BY GAVAGE FOR 14 DAYS 

Find Body Weight 
Relative to 

Dose Survival (a) Controls (b) 
Mean Body Weight (grams) 

(mg/kg) (Day of Death) Initial Final Change (Percent) 

MALES 

0 
30 
60 

I25 
250 
500 

FEMALES 

0 
30 
60 

I25 
250 
500 

21 
22 
21 
23 
22 
21 

18 
18 
19 
18 
19 
18 

25 
24 
23 
26 
25 
23 

20 
20 
21 
21 
23 
20 

+4 
+2 
+2 
+3 
+3 
+2 

+2 
+2 
+2 
+3 
+4 
+2 

- 
- 4  
- 8  
+ 4  

0 
- 8  

- 
0 

+ 5  
+ 5  
+15 

0 

(a) Number surviving/number per group. 
(b) Weight of the Dosed Group Relative to Controls 

Weight (Dosed Group) - Weight (Control Group) 
Weight (Control Group) 

x 100 

(c) Deaths not considered to be compound related. 
(d) Gavage-related trauma. 
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TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE ADMINISTERED CHLOROBENZENE 
BY GAVAGE FOR 13 WEEKS 

Final 
Body Weight 
Relative to 

Dose Survival Controls (c) 
Mean Body Weight (grams) 

(mg/kg) (a) Initial Final Change (b) (Percent) 

MALES 

0 IO/ IO 24 f 1 35 f I I I  f I  
60 IO/ IO 24 f 1 32 2 0  S f I  

I25 IO/ IO 25 f 1 33 f0 8 i l  
26 i 1 (d) 28 f 2 2 f 1  

500 01 10 (4 
750 01 10 (e) 

- - - 
250 41 9 (e) 

- - - 

9 
- 6  
-20 
- 

FEMALES 
20 f 1 26 f I 6 f 1  - 

60 IO/ IO 21 f 1 21 f 0  6 f l  + 4  
I25 IO/ IO 20 f I 26 f I 7 i 1  0 
250 61 10 If) 21 f 1 24 f I 3 f 1  - 8  

1 9 i  I 22 f I 321 -15 500 3/10 If) 
750 0/10 If) 

0 9/10 UI 

- - - - 

(a) Number surviving/number initially in the group. All calculations are based on those animals surviving to 

(b) Mean weight change of the survivors of the group f standard error of the mean. 
(c) Weight of the Dosed Group Relative to Controls = 

the end of the study. 

Weight (Dosed Group) - Weight (Control Group) 
Weight (Control Group) 

100 

(d) The initial body weight was not recorded for one of the animals in this group. 
(e) The weeks of the study during which the individual male mice died were: 750 mg/kg - all in week I ;  500 

(fl The weeks of the study during which the individual female mice died were: 750 mg/ kg - 4,6,  7 ,8 ,9 ,9 ,9 ,9 ,9 ,  
mg/kg - all in week I ;  250 mg/kg - I ,  IO, IO, IO, IO. 

9 ; 5 0 0 m g / k g - 1 1 , 1 2 , I 2 , 1 3 , 1 3 ,  13,13;250mg/kg-11 , I I ,  l l , l l ; O m g / k g - 1 3 .  

. Histologic examinations revealed dose- 
dependent chemical-induced injuries to the liver, 
kidney, bone marrow, spleen, and thymus 
(Table 15). The lesions were graded according to 
perceived severity on a scale of minimal, mild, 
moderate, and severe. Except for hepatic necro- 
sis, which was also found in one male receiving 
60 mg/ kg and one male receiving 125 mg/ kg, the 
lesions were observed only at the 250, 500, and 
750 mg/ kg doses (doses that also caused some 
deaths) in both sexes. Centrilobular hepatocellu- 
lar necrosis occurred a t  the 500 and 750 mg/ kg 
doses, and focal hepatocytic neErosis and degen- 
erative changes in the centrilobular hepatocytes 
were observed at 250 mg/ kg. All of the lesions 

were graded as severe at the 250, 500 and 750 
mg/ kg doses. (Increased staining with Oil Red 0 
indicated that the lipid content of the liver was 
increased at  these doses as well.) 
' 

Nephropathy was observed in male mice at 
250, 500 and 750 mg/ kg, 'and in female mice at 
250 mg/ kg. In male mice, the renal lesion con- 
sisted of mild to moderate necrosis of the prox- 
imal tubular epithelium at 500 and 750 mg/ kg, 
and mild to moderate regeneration of the prox- 
imal tubules at  250 mg/ kg. Tubular regeneration 
was also observed in female mice at 250 mg/ kg, 
but tubular necrosis or other renal lesions were 
not observed in this sex even a t  higher chloro- 
benzene doses. 
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TABLE 15. INCIDENCE OF HISTOPATHOLOGIC LESIONS IN MICE ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

Bone Marrow- Spleen- Spleen- Thymus- Thymus- 
Dose Hepatic Hepatic Myeloid Lymphoid Myeloid Lymphoid Lymphoid 

Necrosis Depletion Necrosis Degeneration Nephropathy Depletion Depletion Depletion W (mg/kg) Sex R 

VEHICLE M o/ IO o/ IO o/  IO 01 10 o/ 10 o/ IO o/  IO o/  IO 
CONTROL F o/ IO 01 10 01 IO 01 IO 01 IO 01 IO o/  IO 01 10 

60 M I /  IO o/ IO fa) (a) (0) (4 (4 (a) 
F o/ IO o/ IO (a) (4 (a) (0) (4 (a) 

I25 M I /  IO 01 10 01 10 o/ IO 01 10 o/ IO o/ IO o/ IO 
F o/ IO 01 IO o/  IO o/ IO o/ 10 o/ IO o/ 10 01 IO 

250 M 71 IO 2 /  IO 4/ IO 4 /  IO 4/ IO 4/ IO 4/ IO 01 IO 
F IO/ IO 01 IO 4/ IO 2/ IO 2/ IO 4/ 10 31 IO o/ IO 

500 M IO' IO o/  IO 91 IO 01 IO 2/ IO 01 IO 81 IO 21 IO 
F 8/  IO 91 IO 01 IO 31 IO 31 10 4/ IO o/ IO 3/ IO 

150 M IO/ IO 01 IO 8/  IO o/ IO s i  IO o/ IO s/ IO 4/ 10 
F I /  IO 4 /  IO 01 10 o/ IO 91 IO o/ IO I /  IO 31 IO 

(a) Tissue not examined due to the absence of lesions at the next higher dose. 8 



III. RESULTS: MICE-THIRTEEN-WEEK STUDIES 

Myeloid depletion of the bone marrow selected for male mice because of a perceived 
greater susceptibility of this sex to the toxic 
effects of chlorobenzene): 

1. Decreased survivals at  250, 500 and 750 

2. Dosedeoendent hepatocellular necrosis at  

occurred in mice of both sexes at doses of 250 
mg/ kg and higher. The lesions were considered 
to be minimal to mild in severity. Lymphoid 
depletion or necrosis of the thymus occurred in 
surviving mice of both sexes at doses of 250 
mg/ kg (necrosis) or 500 mg/ kg (depletion) and 

mg/ kg/daY* 

greater; the severities of these changes were con- 
sidered to be moderate to severe. 

Doses of 60 and 120 mg/ kg chlorobenzene 
were selected for female mice in the 2-year study 
based on the following results from the short- 
term study (doses of 30 and 60 mg/kg were 

3 
250, 500’and 750 mg/kg/day. 
Nephrotoxicity, thymic necrosis, and lym- 
phoid or myeloid depletion of the thymus, 
spleen and bone marrow at doses of250,500 
or 750 mg/ kg/ day. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 
Mean body weights of dosed and control mice 

were comparable throughout thestudy(Figure4 
and Appendix G, Table (32). No compound- 
related clinical signs of toxicity were observed in 
this study. 

Antibody Titers 
Viral antibody titers are shownin Appendix J. 

Positive titers were observed at  the following 
times: PVM (Pneumonia Virus of Mice), 18 
months; GDVII (Theiler’s Encephalomyelitis 
Virus), 24 months; MVM (Minute Virus of 
Mice), 18 months; Sendai Virus, 12 months; 
MHV (Mouse Hepatitis Virus), 6 and 24 months.* 

Survival 
Estimates of the probability of survival of 

male and female mice administered chloroben- 
zene in corn oil at the doses of these studies, and 
those of the vehicle controls, are shown in Figure 
5.  The survivals of the low and high dose groups 
of male mice were marginally less than those of 
the controls (P0.044 and P=0.042 for low and 
high dose male mice, respectively). No other 
significant differences in survival were observed. 

*At  the present time, the significance of ele- 
vated viral antibody titers to the evaluation of 
animal response to chemical exposure is 
unknown. 

In male mice, 46/50 (92%) of the untreated 
controls, 48/50 (96%) of the vehicle controls, 
42/50 (84%) of the low dose, and 43/ 50 (86%) of 
the high dose animals were alive at  78 weeks. In 
female mice, 49/ 50 (98%) of the untreated con- 
trols, 49/ 50 (98%) of the vehicle controls, 47/ 50 
(94%) of the low dose, and 47/50 (94%) of the 
high dose animals were alive at  78 weeks. 

In male mice, 35/50 (70%) of the untreated 
controls, 39/50 (78%) of the vehicle controls, 
28/50 (56%) of the low dose, and 29/50 (58%) of 
the high dose group lived to the termination of 
the study at 105 weeks. In female mice, 37/50 
(74%) of the untreated controls, 40150 (80%) of 
the vehicle controls, 41 / 50 (82%) of the low dose, 
and 38/50 (76%) of the high dose group lived to 
the termination of the study at  105 weeks. The 
survival incidences include one high dose female 
that died during the termination of the study. 
For statistical purposes, this animal has been 
pooled with those killed at the end of the study. 

Two low dose male mice, one high dose male 
mouse, and one high dose female mouse were 
diagnosed as having died from gavage-related 
traumas. The carcasses of one low dose male 
mouse and one high dose male mouse were too 
autolyzed for reasonable analysis of cause of 
death. For statistical purposes, these two mice 
were considered to have died from non- 
accidental causes. 
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III. RESULTS: MICE-TWO-YEAR STUDIES 

Pathology and Statistical Analyses 
of Results 

Histopathologic findings of neoplasms in 
mice are summarized in Appendix B, Tables B1 
and B2; Appendix B, Tables B3 and B4 give 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 1, Tables I3 and 14, con- 
tain the statistical analyses of those primary 

tumors that occurred with an incidence of at 
least 5% in one of the three groups. The statisti- 
cal analyses used are discussed in Chapter I1 
(Data Recording and Statistical Methods) and 
Appendix I (footnotes). 

No site-specific tumors or nonneoplastic 
pathology occurred at statistically significant 
increased or decreased incidences in either male 
or female mice treated with chlorobenzene. 
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IV. DISCUSSION AND CONCLUSIONS 
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IV. DISCUSSION AND CONCLUSIONS 

Chlorobenzene was tested for toxic potential 
in male and female B6C3F1 mice and Fischer 
344 rats by oral administration in corn oil. The 
doses were 0 (vehicle control), 60, 125,250,500 
or 750 mg/ kg/day, 5 days per week(gavage), for 
both sexes and species in the 13-week studies. In 
the 2-year studies, doses of0 (vehicle control), 60 
or 120 mg/kg/day were administered to male 
and female rats and female mice, and doses of 0, 
30 and 60 mg/ kg/ day to male mice, 5 days per 
week (gavage) for 103 weeks. 

The results of the 13-week studies reported 
herein largely corroborate the earlier reports 
that chlorobenzene exposure can adversely 
affect the liver, kidneys, and hematopoietic sys- 
tem (see Introduction). Consistent changes in 
hematological parameters were not observed in 
this study despite microscopic evidence of mye- 
loid and/ or lymphoid depletion of the bone mar- 
row in both rats and mice. Hematologic analyses 
were performed only on survivors at the end of 
the study, however, while the frequencies of the 
bone marrow lesions were generally greater in 
the early death animals than in those that sur- 
vived until the end of the study(data not shown). 
Analyses at an earlier time, therefore, may have 
revealed chemical effects on circulating blood 
components not apparent in survivors after 90 
days of treatment. 

The increased liver total porphyrin concentra- 
tions at the higher chlorobenzene doses in female 
rats, and the general porphyrinuria in chloro- 
benzene-treated rats and mice in the 13-week 
studies suggest an effect on liver heme metabo- 
lism, as was indicated by the previous studies 
demonstrating increased hepatic ALA-synthe- 
tase activity in chlorobenzene-treated rats (see 
Introduction). Whatever the mechanism of the 
chlorobenzene effect on heme synthesis, the 
magnitude of the change was apparently insuffi- 
cient to produce anemia or other severe hemato- 
logic effects in the surviving animals. 

The changes in organ weights in the 13-week 
studies were generally consistent with the histo- 
pathologic observations. There is no ready 
explanation for the decreased heart weight in 
chlorobenzene-treated male mice, however, or 
for the decreased splenic weight in all groups of 
chlorobenzene-treated male rats. Histological 
lesions of the heart were not observed, and lym- 
phoid depletion of the spleen in male rats 
occurred only at  the highest dose, 750 mg/ kg. 
Yet, the decreased splenic weight in chloroben- 
zene-treated rats has also been reported pre- 
viously (see Table 1) 

The concurrent observations of proximal tub- 
ular degeneration (or necrosis) and regeneration 
in the kidneys of rats and mice receiving chloro- 
benzene for up to  90 days indicate continuing 
injury and repair of the renal tubular epithelium. 
The centrilobular hepatocellular necrosis found 
in both species is consistent with previous 
reports of chlorobenzene hepatotoxicity (see 
Table 1, and Introduction). 

The high doses used in the 2-year studies dif- 
fered from those required to produce frank 
tissue injury in the 13-week studies by factors of 
2 4 .  Despite the relative closeness of the 13-week 
and 2-year doses, nonneoplastic lesions clearly 
attributable to chlorobenzene were not observed 
in the 2-year studies. The subtle (generally focal, 
and mild or minimal in severity) hepatonecro- 
genic lesions diagnosed by the original patholo- 
gist were not confirmed during a “blind” review 
of all liver slides by a second pathologist. These 
equivocal effects, therefore, were not considered 
to be clear evidence of chlorobenzene hepato- 
toxicity in the 2-year studies. 

More striking was the general tendency for 
chlorobenzene-treated rats of both sexes to 
exhibit lower incidences of inflammatory and 
cytoplasmic changes in the liver (Table 7), as 
confirmed during the review of the liver slides. 
This “sparing” effect from alterations such as 
those that normally increase in frequency with 
age could not be attributed solely to reduced 
survival. The cause and the significance of these 
effects are unknown. 

The failure of chlorobenzene to produce lym- 
phoid or myeloid depletion of the bone marrow, 
spleen or thymus in the 2-year studies suggests 
that the adverse effects of this agent on the hema- 
topoietic system in rodents are not progressive 
beyond 90 days of exposure. Similarly, the lack 
of frank nephrotoxicity or hepatotoxicity in the 
2-year studies indicates little potential for 
chlorobenzene to produce progressive nonneo- 
plastic toxicity more severe than that observed in 
the 13-week studies. 

The high doses used in the 2-year studies were 
120 mg/kg/day for male and female rats and 
female mice, and 60 mg/ kg/ day for male mice. 
These doses did not shorten group survivals, 
reduce body weight gains or cause nonneoplastic 
injury in the female rats or mice. The use of 
higher doses in the 2-year studies, however, was 
precluded by the occurrence of severe liver injury 
(and other tissueinjuries) in male and female rats 
and mice at  250 mg/ kg/ day in the 13-week stud- 
ies. Body weight gains were not depressed for 
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male rats in the 2-year studies, but survival was 
reduced in comparison to vehicle (but not in 
comparison to untreated) controls. Since toxic 
lesions were not observed in the dosed male rats 
dying early, the toxicological significance of the 
reduced survival is unknown. Of the three high 
dose male rats dying before week 52 of thestudy, 
one was a suspect gavage accident and the other 
two were severely autolyzed. 

Survival was marginally reduced in the low 
dose (30 mg/kg/day) and high dose (60 
mg/ kg/ day) male mice, although body weight 
gain was unaffected. No chlorobenzene-induced 
toxic lesions were observed in the dosed male 
mice dying early during the study. Of the four 
low dose male mice dying before week 52, three 
were moribund sacrifices without clear evidence 
of a toxic effect and one was severely autolyzed. 
Of the three high dose male mice dying before 
week 52, two were found dead without evidence 
of toxic lesions and one was severly autolyzed. 
Therefore, these data do not indicate that chlo- 
robenzene administration was the likely cause of 
the marginally reduced survival in male mice. 

Because of the lack of frank toxicity at 125 
mg/ kg/day in the 13-week studies, male mice 
may have been able to tolerate more than 60 
mg/ kg/day in the 2-year studies. Severe tissue 
injuries were present at 250 mg/ kg/day in the 
13-week studies, however, indicating that the 
2-year dose was within a factor of 4 of a severely 
toxic dose. In light of the data discussed above, 
the high doses used in this study were considered 
to be adequate for carcinogenicity testing in 
male and female rats and mice. 

Foreign body aspiration into the lung and 
focal granulomatous inflammation of the lung 
were diagnosed frequently in gavaged animals, 
but not in untreated controls. Presumably, 
therefore, these lesions could have been caused 
by the technique of oral intubation with corn oil. 
Histopathologic examinations did not indicate 
the nature of the foreign materials in the lung. 
However, the occurrence of foreign body aspi- 
rants in rats appeared to  increase with the dose 
of chlorobenzene, even among animals that were 
not considered to have died from gavage acci- 
dents (Table 9). An analysis of individual animal 
pathology summaries, however, revealed that 1 
of 14 low dose males, 1 of 8 high dose males, 4 of 
5 low dose females and 3 of 7 high dose females 
with foreign materials in the lung died on or 
before the 52nd week of the study (half-way 
point), but were not diagnosed as accidental 
deaths. Therefore, aspiration of chlorobenzene- 

containing gavaged material may have had a 
greater effect on rat survival than suggested by 
the number of animals formally listed as dying 
from gavage accidents. 

Inflammation of the lung diagnosed as 
“acute/ chronic” occurred in untreated controls 
as well as in gavaged rats (Table 9). The fre- 
quency of this lesion appeared to increase with 
chlorobenzene dose, however, particularly in 
female rats. In contrast, focal granulomatous 
inflammation occurred only in gavaged rats, and 
at decreasing frequency with increasing chloro- 
benzene dose (Table 9). Although these data are 
far from conclusive, they seem to suggest that the 
gavage technique per se is associated with the 
induction of inflammatory changes in the rat 
lung, possibly from aspiration of the gavaged 
material into the lungs. The potential relation- 
ship of this gavage effect to the toxic effects 
elicited by chlorobenzene in this study is 
unknown. 

Furthermore, the differential diagnoses of 
“inflammation, acute/ chronic” and “inflamma- 
tion, focal granulomatous” in the rat lung are 
highly subjective, and may well entail consider- 
able overlap. When combined, the incidences of 
inflammation, acute/chronic, or focal granulom- 
atous do not indicate a chlorobenzene dose- 
related effect (7/50, 12/ 50, 11 / S O ,  51 50 in males; 
2/47, 15/49, 14/49, 14/49 in females; untreated 
control, vehicle control, low dose and high dose, 
respectively). As indicated, therefore, the tech- 
nique of gavage may have been associated with 
inflammatory changes in the lungs, particularly 
those of the female rats, but the data do not 
indicate a causative role of chlorobenzene in 
producing this lesion. 

Chlorobenzene was associated with an 
increased occurrence of neoplastic nodules in the 
livers of male rats. Generally considered to be 
late-occurring lesions, the first neoplastic nodule 
of the liver was detected in a vehicle control male 
rat that died at week 89, and the majority in all 
groups were detected at study termination. The 
incidences of neoplastic nodules of the liver in 
male rats surviving for at least 89 weeks were 

(25%) in the untreated control, vehicle control, 
low dose, and high dose groups, respectively. 
Pairwise comparisons by the Fisher exact test 
indicated that the incidence in high dose male 
rats was significantly (P< 0.05) increased in 
comparison to the vehicle controls or the 
combined (vehicle and untreated) controls. 

4/44 (9%), 2/48 (4%), 4/40 (lo%), and 8/32 
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The occurrence of neoplastic nodules of the 
liver in the concurrent vehicle controls, 2/ 50 
(4%), was similar to that observed in the other 
corn oil gavage control male rats at this labora- 
tory (0/50, 0%) and in recent NTP studies 
(21 /789, 2.7%, SD = 3.8%) (Appendix H, Table 
H 1). The occurrence of neoplastic nodules of the 
liver in the concurrent untreated controls, 4/ 50 
(8%), was not significantly different (i.e,, 
P>0.05) from that in the concurrent vehicle 
controls (2/ 50,4%), but was greater than that in 
historical untreated male rat controls for recent 
NTP studies (67/3618, 1.9%)*. Because of the 
numerical difference in the incidences in the two 
control groups in this study, the occurrences of 
neoplastic nodules in the chlorobenzene-treated 
male rats were compared to those in combined 
(untreated and vehicle) controls (Table 16). 
Chlorobenzene was associated with an increased 
occurrence of neoplastic nodules in the highdose 
(120 mg/ kg/day) male rats in comparison to the 
composite control group. The increase in neo- 
plastic nodules of the liver in male rats, there- 
fore, was considered to be chlorobenzene- 
induced. 

The occurrence of hepatocellular carcinomas 
in vehicle control male rats, 2/50(4%), was equal 
to the highest rate reported for control male rats 
in recent NTP bioassays, and was .greater than 
the program-wide recent historical rate for corn 
oil gavage male rats (7/789, 0.9%, SD = 1.6%). 
The reason for the relatively high incidence of 
hepatocellular carcinomas in vehicle control 
male rats in this study is unknown. Hepatocellu- 
lar carcinomas were not diagnosed in untreated 
control or chlorobenzene-treated male rats in 
this study. 

The incidence of animals with testicular inter- 
stititial cell tumors was increased in male rats 
(life table trend test) and the incidence in the high 
dose group was significantly (P<0.05) greater 
than that in the vehicle controls (life table analy- 
sis, Appendix I, Table 11). Because of the non- 
lethal nature of testicular interstitial cell tumors, 
however, life table tests are considered to be less 

* In this statistical comparison of the incidences 
of neoplastic nodules of the liver in concur- 
rent untreated control male rats and historical 
untreated control male rats, adjustments were 
not made for possible differences in survival. 

appropriate for analysis of this tumor type than 
are the incidental tumor test or the COchran- 
Armitage Trend and Fisher exact tests, none of 
which clearly demonstrated statistical signifi- 
cance (P<0.05). The increase by life tableanaly- 
sis is probably due to the number of early deaths 
(reduced survival) in high dose male rats. There- 
fore, the data were not considered as evidence of 
a biological effect of chlorobenzene on the testis. 

Although not of statistical significance, the 
Occurrence of a renal tubular cell adenocarcino- 
ma in a single high dose female rat, and of transi- 
tional cell papillomas of the urinary bladder in 
one each of the low and high dose male rats, are 
of toxicologic concern because of the relative 
rarity of these tumors in corn oil vehicle control 
rats (historical incidence of 0/789 renal tubular 
cell adenocarcinomas in control F344 female 
rats; historical incidence of 0/788 transitional 
cell papillomas of the urinary bladder in control 
F344 male rats). 

Pituitary adenomas in high dose (120 
mg/ kg/day) female rats, pituitary adenomas, 
adenocarcinomas or carcinomas (combined) in 
high dose (120 mg/kg/day) male rats, and 
endometrial stromal polyps in low dose (60 
mg/ kg/day) female rats occurred at significantly 
(P<0.05) lower incidences by at least one 
statistical test than in the vehicle controls. The 
reason for the decreased Occurrences of these 
tumors in chlorobenzene-treated rats, and their 
biological significance, are unknown. 

Information summarized in the Introduction 
indicates that chlorobenzene is oxidized to a 
chemically reactive intermediate (arene oxide) 
that can arylate nucleophilic macromolecules. 
These data further suggest that such an interac- 
tion, which may be the cause of liver necrosis, 
occurs only with chlorobenzene doses sufficent 
to deplete the cytosolic nucleophile glutathione 
below a critical level in the liver. The relation- 
ships between chlorobenzene dose, liver gluta- 
thione content, and liver necrosis or degenera- 
tion (or other tissue injuries) in these studies are 
unknown. While liver necrosis occurred in the 
13-week studies in both species and sexes, there 
was only equivocal evidence for nonneoplastic 
injury to the liver of rats in the 2-year studies. 
Moreover, none of the 8 male rats in the high 
dose (120 mg/ kg/day) group with neoplastic 
nodules of the liver were among the 5 animals 
from the same group diagnosed as having mild 
or focal hepatocellular necrosis by one of the 
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TABLE 16. ANALYSIS OF LIVER TUMORS IN MALE RATS STATISTICAL COMPARISONS OF 
TREATED GROUPS AND COMBINED (VEHICLE AND UNTREATED) CONTROLS 

All Controls 60 mg/kg 120 mg/kg 

N e o p l d  Nodule 
Tumor Rates 

overall 
AdjustcCi 
Terminal 

Stat i s t id  Teats 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Neaplrrtle Nodule or Cueinomr 
Tumor Rates 

onrall 
Adjusted 
Terminal 

Statistical Tests 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

61 100 (6%) 
7.3% 
2/73 (3%) 

P=0.007 
P=O.OlO 
P=0.034 

81 100 (8%) 
9.9% 
4/73 (5%) 

P=0.024 
P=0.032 
P=0.093 

4/49 (8%) 
12.5% 
4/32 (13%) 

P=0.378 
P=0.393 

P=0.428 

4/49 (8%) 
12.5% 
4/32 (13%) 

P=0.542 
P=0.558 

P=0.600 

8/49 (16%) 
29.3% 
7/26 (27%) 

P=0.008 
P=0.011 

P=0.045 

8/49 (16%) 
29.3% 
71 26 (27%) 

P=0.025 
P=0.032 

P=O. 106 

pathologists. Therefore, there is no clear evi- 
dence to indicate that hepatonecrogenic effects 
of chlorobenzene contributed to the develop- 
ment of neoplastic nodules of the liver in these 
studies, 

Arene oxides (epoxides) have been proposed 
as intermediates in the metabolism of benzene 
and (mono)chlorobenzene, and some similari- 
ties exist in the types of benzene and chloroben- 
zene metabolites excreted in urine (e.g., phenols 
and catechols, glucuronide and sulfate conju- 
gates, and mercapturic acids) (Introduction to 
this report and IARC, 1982). In addition to pos- 
sessing similar pathways of metabolism, chloro- 
benzene and benzene both produce hematotoxic 
effects in rodents, perhaps secondary to bone 
marrow toxicity (this report; IARC, 1982). 
Because of these similarities in metabolism and 
toxicity, speculation on the adequacy of rodent 
models as predictors of potential human toxic 
response to benzene may also be relevant to 
(mono)chlorobenzene. There is considerable 
evidence of a leukemogenic effect of benzene in 
exposed humans, but no clear demonstration of 

leukemogenic properties of benzene in experi- 
mental animals. In NTP two-year gavage studies 
of benzene, peer reviewed in July 1984, doses of 
50, 100, or 200 mg/ kg per day in male rats and 
25, 50, or 100 mg/ kg per day in female rats and 
male and female mice produced a variety of 
carcinogenic effects. This apparent inability to 
reproduce in rodent models the human response 
to benzene, a chemical similar to (mono)chloro- 
benzene in its structure and in some aspects of its 
metabolism and biological effects, should be 
considered when evaluating the results of this 
experiment as a predictor of the response of 
nonrodent species to chlorobenzene. Similarly, 
differences in routes of exposure (e.g., inhalation 
versus oral) and their potential impact on target 
organ toxicity should be considered in any eva- 
luation of potential human health effects of 
chlorobenzene, based on these studies. 

1,2-Dichlorobenzene (o-dichlorobenzene) and 
1,4dichlorobenzene (p-dichlorobenzene) have 
also been tested in rodents for toxic potential by 
the National Toxicology Program. The toxic 
effects of 0- and p-dichlorobenzene in the 13- 
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week studies were virtually the same as those of 
(mono)chlorobenzene (NTP, 1983; J. Goldstein, 
NTP, personal communication; and this report). 
It was concluded that o-dichlorobenzene was 
not carcinogenic to male or female F344 rats or 
B6C3F1 mice when administered for 2 years by 
gavage at  doses of 60 or 120 mg/ kg/day (NTP, 
1983). The 2-year studies of p-dichlorobenzene 
in rats and mice have not been completed*. 

Conclusions: Under the conditions of these 
studies, chlorobenzene administration increased 
the occurrence of neoplastic nodules of the liver 
in high dose (120 mg/ kglday) male F344/ Nrats, 
providing some but not clear evidence of 
carcinogenicity of chlorobenzene in male rats. 
Carcinogenic efsects of chlorobenzene were not 
obsewed in female F344/N rats or in male or 
female BbC3Fl mice. 

* A final report on the carcinogenicity study of 
p-dichlorobenzene in rats and mice is 
expected to be peer reviewed in 1985. 
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SUMMARY OF THE INCIDENCE OF NEOPLASMS IN RATS 
ADMINISTERED CHLOROBENZENE IN CORN OIL BY GAVAGE 

57 Chlorobenzene 



TABLE A l .  

SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  MALE RATS ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAGE 

INTEGUMENTARY SYSTEM 

W J B C U T  T I S S U E  
FIBROMA 
FIBROSARCOMA 
OSTEOSARCOMA 

50 1 

1 ( 2 % )  
1 ( 2 % )  

50)  
5 ( 1 0 % )  
2 (4%) 
1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

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

50)  (50) 

RESPIRATORY SYSTEM 

#LUNG ( 5 0 )  ( 5 0 )  ( 5 0 )  (50 1 
SQUAMOUS CELL CARCINOMA, METASTA 1 (2%) 
HEPATOCELLULAR CARCINOMA, METAST 1 ( 2 % )  
ALVEOLAR/BRONCHIOLAR CARCINOMA 2 (4%) 
FIBROSARCOMA 1 ( 2 % )  -------------------------------------------------------------------------------------------------. 

HEMATOPOIETIC SYSTEM 

* M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  (50 )  ( 5 0 )  
MALIG.LYMPHOMA, UNDIFFER-TYPE 1 ( 2 % )  
LEUKEMIA,NOS 4 ( 8 % )  
UNDIFFERENTIATED LEUKEMIA 3 (6%)  1 ( 2 % )  2 (4%) 1 ( 2 % )  
LYMPHOCYTIC LEUKEMIA 1 (2%) 
GRANULOCYTIC LEUKEMIA 1 ( 2 % )  

, LEUKEMIA,MONONUCLEAR CELL 12 ( 2 4 % )  4 ( 8 % )  9 (18%) 3 ( 6 % )  

# L I V E R  ( 5 0 )  ( 5 0 )  ( 4 9 )  ( 4 9 )  
ABMONONUCLEAR CELL 1 ( 3 % )  

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
Y NUMBER OF ANIMALS NECROPSIED 
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N L I P  
KERATOACANTHOMA 

NDORSUM OF TONGUE 
SQUAMOUS CELL PAPILLOMA 

# L I V E R  
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

#PANCREAS 
ACINAR-CELL ADEtlOflA 
M I X E D  TUMOR, MALIGNANT 

#ESOPHAGUS 
SQUAMOUS CELL  CARCINOMA 

#CAR D I A C S T 011 A CH 
SQUAMOUS CELL  PAPILLOMA 

( 5 0 )  ( 5 0 )  (49 
4 ( 8 % )  2 (4%) 4 

2 (4%) 

( 5 0 )  
1 (2%)  

( 4 9 )  
(8%)  8 ( 1 6 % )  

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

( 4 8 )  

#DU 0 DE14 A L MUC 0 SA ( 4 6 )  ( 5 0 )  ( 4 7 )  ( 4 6 )  
ADENOCARCINOMA, NOS 1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

URINARY SYSTEM 

#URINARY BLADDER ( 4 8 )  ( 4 8 )  ( 4 6  1 ( 4 5 )  
TRANS I T I O  ) . I  A L -C EL L PAP I L L OPlA  1 (2%)  1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENDOCRINE SY S T E l l  

# P I T U I T A R Y  ( 4 9 )  ( 5 0 )  ( 4 2 )  ( 4 7 )  
CARCIIIOMA I NOS 1 ( 2 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
N NUMBER OF ANIMALS NECROPSIED 
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TABLE A l .  MALE RATS: NEOPLASMS (CONTINUED) 

UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

#ANTERIOR P I T U I T A R Y  
ADENOCARCINOMA, NOS 

#ADRENAL 
PHEOCHROMOCYTOMA 

#ADRENAL MEDULLA 
QANGLIONEUROMA 

#THYROID 
FOLL ICULAR-CELL  CARCINOMA 
C-CELL CARCINOMA 

( 4 7 )  

( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  
10 (20%) 1 1  (22%) 7 (14%) 5 (10%) 

( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  
I ( 2 X )  

( 4 9 )  ( 5 0 )  ( 4 9 )  ( 4 3 )  
1 (2%) 

6 (12%) 6 (12%) 5 (10%) 3 ( 7 % )  
P A P ~ ~ ~ A R Y  CYSTADENOMA, NOS 1 (2x1 1 (2%) 

#THYROID F O L L I C L E  
CYSTADENOllA, NOS 
CYST A DEN 0 CAR C I N O N  A t N 0 S 

( 4 9 )  

REPRODUCTIVE SYSTEM 

NMAMMARY GLAND 
FIBROADENOMA 

MPREPUTIAL GLAND 
CARCINOMA, NOS 

( 5 0 )  

I fSEMINAL V E S I C L E  ( 5 0 1  
P A P I L L A R Y  ADENOMA 

( 5 0 )  ( 5 0 )  
1 (2%) 

( 5 0 )  ( 5 0 )  
1 (2%) 

( 5 0 )  

( 5 0 )  

# T E S T I S  ( 5 0 )  ( 5 0 )  ( 4 9 )  ( 5 0 )  
I N T E R S T I T I A L - C E L L  TUMOR 47 ( 9 4 % )  4 4  ( 8 8 % )  4 3  ( 8 8 % )  4 3  ( 8 6 % )  
I N T E R S T I T I A L - C E L L  TUMOR, H A L I G N A  I ( 2 % )  

Chlorobenzene 

I 
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

ttBRAIN
ASTROCYTOMA

•HIPPOCAMPUS
ASTROCYTOMA

DCINGULUM
ASTROCYTOMA

« LUMBAR SPINAL CORD
OSTEOSARCOMA

SPECIAL SENSE ORGANS

XEYELID
FIBROSARCOMA

XZYMBAL'S GLAND
SQUAMOUS CELL CARCINOMA

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

XABDOMINAL CAVITY
FIBROSARCOMA

KTUNICA VAGINALIS
MESOTHELIOMA, NOS

ALL OTHER SYSTEMS

^MULTIPLE ORGANS
MESOTHELIOMA, NOS
MESOTHELIOMA, MALIGNANT
OSTEOSARCOMA, METASTATIC

ADIPOSE TISSUE
MESOTHELIOMA. NOS

UNTREATED
CONTROL

(50)

(50)
1 (2%)

(50)
1 (2%)

(50)

(50)

(50)

(50)

(50)

(50)

1 (2SO

VEHICLE
CONTROL

(50)

(50)

(50)

(50)

(50)

(50)

(50)

(50)
3 (650

(50)

1

LOW DOSE

(50)
1 (2SO

(50)

(50)

(50)
1 (2%)

(50)
1 (2%)

(50)

(50)
1 (2%)

(50)
1 (25O

(50)

1 (2%)

HIGH DOSE

(50)

(50)

(50)

(50)

(50)

(50)
1 (2%)

(50)

(50)
1 (25O

(50)
1 (250
1 (230

« NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE A l .  MALE RATS: NEOPLASMS (CONTINUED) 

ANIMALS INITIALLY IN STUDY 
NATURAL DEATH 
MORIBUND SACRIFICE 
SCHEDULED SACRIFICE 
~ E R K N A C - S A C R I F I C E  
DOSING ACCIDENT 
ACCIDENTALLY KILLED, NDA 
ACCIDENTALLY KILLED, NOS 
ANIMAL MISSING 
ANIMAL MISSEXED 
OTHER CASES .............................. 

Chlorobenzene 

50 
7 
9 

34 

50 
3 
6 

39 
1 

1 

50  
7 
5 

3 2  
4 

2 

50 
a 
7 

26  
5 

4 
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TOTAL ANIMALS W I T H  PRIMARY TUMORS* 5 0  
TOTAL PRIMARY TUMORS 128 

4 9  
108 

4 6  
101  

TOTAL ANIMALS W I T H  BENIGN TUMORS 50 4 8  45 
TOTAL BENIGN TUMORS 8 8  7 5  7 1  

TOTAL ANIMALS WITH MALIGNANT TUMORS 30  
TOTAL MALIGNANT TUMORS 36 

TOTAL ANIMALS W I T H  SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 4 

TOTAL UNCERTAIN TUMORS 4 

2 1  
27 

2 
2 

5 
6 

2 1  
2 5  

1 
1 

5 
5 

4 3  

4 3  

12 

84 

6 1  

13 

10 
10 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC  

TOTAL UNCERTAIN TUMORS 
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TABLE A2. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAGE 

INTEGUMENTARY SYSTEM 

* S K I N  ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0  1 
1 (2%) 

1 ( 2 % )  
SQUAMOUS CELL PAPILLOMA 
KERATOACANTHOMA 

RESPIRATORY SYSTEM 

ALVEOLAR/BRONCHIOLAR CARCINOMA 1 (2%) 
LIPOSARCOMA, METASTATIC  1 (2%) .................................................................................................. 

HEMATOPOIETIC SYSTEM 

M U L T I P L E  ORGANS ( 4 9 )  ( 5 0 1  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

2 ( 4 % )  LEUKEMIApNOS 
UNDIFFERENTIATED LEUKEMIA 3 (6%) 
LYMPHOCYTIC LEUKEMIA 4 (8%) 8 ( 1 6 % )  
LEUKEMIA,MONONUCLEAR CELL 3 (6%) 5 (10%)  1 1  (22%) 

$PANCREATIC L.NODE ( 4 7 )  ( 4 5 )  ( 4 0 )  ( 4 0 )  
MALIG.LYMPHOMA. H I S T I O C Y T I C  TYPE 1 (2%) 

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE M. FEMALE RATS: I Y E O P L M  (COHTWUEP) 

MDORSUM OF TONGUE 
SQUAMOUS CELL PAPIlL.OMA 

( 4 9 )  ( S O )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  

#SALIVARY GLAND ( 4 9 )  (SO)  ( 4 9 )  ( 4 9 )  
ADENOMA, NOS I (2%) 

OLIVER 
NEOPLASTIC NODULE 
HEPATOCELLULAR CARClNOHA 

OP A N CR EA S 
ACINAR-CELL ADENOMA 

( 4 6 )  ( 5 0 )  

OGASTRIC MUSCULARIS ( 4 9 )  (501  ( 5 0 )  
LEIOMYOMA 1 ( 2 X )  

0 NUMBER OF ANIMALS WITH T ISSUE EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 

#K I DN EY ( 4 9 )  ( 5 0 )  
TUBULAR-CELL ADENOCARCINOMA 

(50 )  ( 5 0 )  
1 ( 2 % )  

ENDOCRINE SYSTEM 

. #PITUITARY 
CARCINOMAINOS 
ADENOMA, NOS 

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

27 ( 5 6 % )  23  ( 5 0 % )  18 ( 3 9 % )  13 (30%)  

#ANTERIOR PITUITARY ( 4 8 )  
ADENOCARCINOMAI NOS 
ASTROCYTOMA, INVASIVE 

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

1 (2%)  

WADRENAL ( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  
CORTICAL ADENOMA 1 ( 2 % )  1 ( 2 % )  
CORTICAL CARCINOMA 1 ( 2 % )  
PHEOCHROIIOCYTOMA 3 ( 6 % )  1 ( 2 % )  4 ( 8 % )  2 ( 4 % )  

FOLLICULAR-CELL CARCINOMA 1 ( 2 % )  2 ( 4 % )  
C-CELL CARCINOMA 3 ( 6 % )  4 ( 8 % )  1 ( 2 % )  1 ( 2 % )  
PAPILLARY CYSTADENOMAt NOS _ _  1 ( 2 % )  

' #THYROID ( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMPLS NECROPSIED 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 

#THYROID F O L L I C L E  
CYSTADENOMA, NOS 

UPARATHYROID 
ADENOMA, NOS 

( 4 9 )  

( 3 7 )  

( 4 9 )  

( 4 0 )  

( 4 9 )  

( 3 a )  
1 ( 3 % )  

ADENOMA, NOS 
P A P I L L A R Y  ADENOMA 
P A P I L L A R Y  ADENOCARCINOMA 
CYSTADENOMA, NOS 
P A P I L L A R Y  CYSTADENOMA, NOS 
FIBROADENOMA 
FIBROADENOCARCINOMA 

XCLITORAL GLAND 
CARCINOMAtNOS 
ADENOCARCINOMA, NOS 

#UTERUS 
SARCOMA, NOS 
LEIOMYOMA 
ENDOMETRIAL STROMAL POLYP 

#UTERUS/ENDOMETRIUM 
CARCINOSARCOMA 

WENDOMETRIAL GLAND 
ADENOMA, NOS 

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

( 4 9 )  

( 4 9 )  

9 ( 1 8 % )  

( 4 9 )  

(49) 
1 ( 2 % )  

1 ( 2 % )  

1 ( 2 % )  

7 ( 1 4 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

16 (32%) 

( 5 0 )  

( 5 0 )  

1 

1 
5 

( 5 0  

1 

( 4 9  

4 

( 4 9  

( 4 9  

#OVARY ( 4 9 )  
P A P I L L A R Y  CYSTADENOMA, NOS 

( 2 % )  

( 2 % )  
( 1 0 % )  7 ( 1 4 % )  

1 ( 2 % )  

( 5 0 )  

LUTEOMA 1 ( 2 % )  1 ( 2 % )  
' GRANULOSA-CELL TUMOR 2 (4%) 2 (4%) 1 ( 2 % )  1 ( 2 % )  

:W NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

NERVOUS SYSTEM 

(BRAIN ( 4 9 )  
CARCINOMA, NOS, I N V A S I V E  1 (2%)  

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  

#CEREBELLUM ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
GRANULAR-CELL TUNOR, BENIGN 1 ( 2 % )  .................................................................................................. 

SPECIAL SENSE ORGANS 

HEAR 
SQUAMOUS CELL CARCINOPIA 

*EXTERNAL EAR 
NEUROFIBROSARCOMA 

HZYMBAL'S GLAND 
ADENOCARCINOMA, NOS 

( 4 9 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 4 9 )  ( 5 0 )  

( 5 0 )  

( 5 0 )  ( 5 0 )  

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

NONE 

1) NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY * t4UMBER OF ANIMALS NECROPSIED 
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED) 

ANIMALS I N I T I A L L Y  I N  STUDY 
NATURAL DEATH 
MORIBUND S A C R I F I C E  
SCHEDULED S A C R I F I C E  
TERMINAL S A C R I F I C E  
DOSING ACCIDENT 

5 0  
5 
8 

36 

50  
5 
8 

2 9  
1 

5 0  
5 
6 

30  
5 

50  
4 
8 

3 1  
5 

ACCIDENTALLY K I L L E D ,  NDA 
ACCIDENTALLY K I L L E I  

TUMOR SUMMARY 

TOTAL ANIMALS W I T H  PRIMARY TUMORSH 42 

TOTAL ANIMALS WITH BENIGN TUMORS 3 5  

TOTAL PRIMARY TUMORS 7 2  

TOTAL BENIGN TUMORS 5 2  

TOTAL ANIMALS W I T H  MALIGNANT TUMORS 15 
TOTAL MALIGNANT TUMORS 17 

TOTAL ANIMALS WITH SECONDARY TUMORS# 2 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 3 

TOTAL SECONDARY TUMORS 2 

TOTAL UNCERTAIN TUMORS 3 

36 
7 2  

34 

16 

5 2  

18 

2 
2 

30 
57  

2 7  
3 9  

14 
16 

1 
1 

2 
2 

3 6  
6 3  

2 3  
3 8  

2 1  
2 3  

1 
1 

2 
2 

TOTAL ANIMALS WITH TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC  

TOTAL UNCERTAIN TUMORS 
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TABLE A3. 

S K I N  
BASAL-CELL  CARCINOMA 
KERATOACANTHOMA 

F I8ROMA 
SUDCUTANEOUS T I S S U E  

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

* * + * + + t + t + * + + * + * + + + ~ N + + + +  

* * + * + + + * + + * + * + * + + + + + N t + + +  
X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N N _ N N N N N N N N N N N N N N N N N N N N N N  

+ * * + + + * + + * - + + * * + + * + + + + + + +  

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

~ , + + t * + + + - t * t + * * * * ' t + + + + +  

+ + * * * t * t + - - t * ~ + ~ ' + * t + ~ + + t  

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

LUHOS AND BRONCHI . . . . . . . . . . . . . . . . . . . . . . . . .  

TRACHEA * + + * + * + + + * * + * * + * * + + + + + + + +  
ALVEOLAR/BRONCHIOLAR CARCINOMA . 

. 

S A L I V A R Y  GLAND 

L I V E R  

D I L E  DUCT 

GALLDLAODER & COML1w.LILE J U F T  

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

NEOPLASTIC NODULE 

M I X E D  1UMORt MALIGNANT 

EM 

K I D N E Y  

URINARY )LADDER 

STEM 

P I  TU I TARY 

ADRENAL 

THYROID 

ADENOMA. NOS 

PHEOCHROMOCYTOMA 

C-CELL CARCINOMA 
P A P I L L A R Y  CYSTADENOMA, NOS 

PARATHYROID 

PANCREATIC I S L E T S  
I S L E T - C E L L  CARCINOMA 

~RPRDDUCTIUE SYSTEM 

, ~ * * * + + t * * * + * , + * + + * + t + + t + +  

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

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

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

+ + + t + + + + + + + + + + + * + + t + + t + + +  

x x x x x x  x x x x  x a. 

x x  X x x  X 

X X 

+ - - + + + t + + + + + + + + + t + t + + + - - +  

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

M U L T I P L E  ORGANS N 0 5  
MESOTHELIOMA, MALIONANT 
MALIG.LYMPHOMA, UNDIFFER-TYPE 
LEUKEMIAINOS 
U N D I F F E R E N T I A T E D  LEUKEMIA 

MAMMARY GLAND 
FIBROADENOMA 

N 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  - 

I T I A L - C E L L  TUMOR 

L L  TUMOR, DENIGN 

: NO T I S S U E  INFORMATION SUBMITTED 
c i  NECROPSY. NO HISTOLOGY DUE TO PROTOCOL 
A :  AUTOLYSIS  

+ I  T I S S U E  EXAMINED MICROSCOPICALLY 
- 8  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
H i  NECROPSY, NO AUTOLYSIS ,  No MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I S S I N G  
S i  ANIMAL MIS-SEXED D: NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) UNTREATED CONTROL 

+ + t + t t t t t + t t t + t t t n t t t t + t t  
X x x  

t t t + t t t t + t t t t + t t t n t t t + t t t  
X X X 

ANIMAL 
NUMBER 

STUOY 
UEEKS on 

fNTEGUMENTARY m E M  

S K I N  
BASAL-CELL  CARCINOMA 
KERATOACANTHOMA 

FIBROMA 
SUBCUTANEOUS T I S S U E  

m A T O R Y  SYSTEM 

LUNGS AND BRONCHI 

l R A C H E A  

ALVEOLAR/BRONCHIOLAR CARCINOMA 

STEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYRUS 

CIRCULATORY sYmn 
HCART 

-E SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLAMELtAD--- 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

N E O P L A S T I C  NOOULE 

M I X E D  TUMOR, MALIGNANT 

U R I N A R Y  SYSTEM 

K I D N E Y  

URINARY BLADDER 

ENDOCRINE SYSTEM 

P I T U I T A R Y  

ADRENAL 

THYROID 

ADENOMA, NOS 

PHEOCHROMOCYTOMA 

C-CELL CARCINOMA 
P A P I L L A R Y  CYSTAOENOMA, NOS 

PARATHYROID 

PANCREATIC I S L E T S  

REPRODUCTIVE SYSTEM 

MAMMARY GLAND 
FIBROADENOMA 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 

PROSTATE 

I S L E T - C E L L  CARCINOMA 

!IERVOUS SYSTEM 

B R A I N  
ORANULAR-CELL TUMOR. B E n I o n  
ASTROCYTOMA 

A L L  OTHER S m  

son 
I 
2 

6 
son 

M U L T I P L E  OROANS NOS 
MESOTHELIOMA, MALIGNANT 
MALIO.LYMPHOMA, UNDIFFER-TYPE 
LEUKEMIA,NOS 
UNOIFFERENTIATEO LEUKEMIA 

~~ 

t t t + t t t + t t t t + + t t t + t t + t t t t  

t t t t + t t t t t t t + t + t + + t t t + t t +  

X X 

t t t t t t + t t t t - t t t t t t t t t t t t t  

t t - t t t t t t t t t t t t t t t t t t t + t t  

t t t t t t - - t t t t + + t t t + t - t + t t t  

t t - t - + t - t + t t t t t t - t t t t + t t t  

N ANIMALS NECROPSIED 

50 

50 

2 

k8 

k8 

(1 

k2 

t + t t t + t t t t t + t t t t t t t + t t t + t  

t t t t + t t t t t t t t t t t t t t t t t + t t  

t + t t + t t + + t + t t t t t t + + t t t t t t  

so 

k 9 .  
50 

~~~ ~ 

+ t t t t t t + + t t t t t t t t t t - t t t t t  

t t - t t t t t t t t t t t t t t t t t t t t t t  

+ + - + + + t t + + + t t t t + t + t t t + + t t  

X x x  x x x  

X X x x  

X X X X 

k9  

k9 

49 

20 . 

10 

6 
~~~ 

t t - + + + t t t t t + t t t t t t t + + t t t t  

* I  T I S S U E  EXAMINED MICROSCOPICALLY 8 NO T I S S U E  INFORMATION SUBMITTED * 
- 1  REQUIRE0 T I S S U E  HOT E X A M I N E 0  MICROSCOPICALLY C8 NECROPSY, NO HISTOLOGY DUE TO PRDTDCOl 
X I  TUMOR I N C I D E N C E  A I  AUTOLYSIS  
N2 NECROPSY, NO AUTOLYSIS ,  NO MICROSCOPIC E X A M I N A T I O N  M l  ANIMAL M I S S I N O  
SI ANIMAL MIS-SEXED B8 NO NECROPSY PERFORMED 

k8 
x 1  
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TABLE A3. 

BUDT C A V I T I E S  

T U N I C A  V A Q I N l L I S  
MESOTHELIOMA, NOS 

I L L  OTHER f P n E M S  

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS I N  THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

t + t + t + t t t t t t t t + t + t t t t t t t t  
X X 

S U I N  t + t + t t + + + t + t + + + + N t t + t + + + t  
SQUAMOUS CELL  CARCINOMA 
BASAL-CELL  CARCINOMA X 

M U L T I P L E  ORQANS NOS 
U N D I F F E R E N T I A T E D  LEUKEMIA 
LYMPHOCYTIC LEUKEMIA 
GRANULOCYTIC LEUKEMIA 
LEUKEMIAtMONONUCLEAR CELL  

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 r 

LUNGS AND BRONCHI 
SQUAMOUS CELL  CARCINOMA, M E T A S l A T  
HEPATOCELLULAR CARCINOMA, METASTA 

BONE MARROW 

SPLEEN 

LYMPH NODE5 

THYMUS 

S A L I V A R Y  GLAND 

B I L E  DUCT 

GALLBLAODER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

SQUAMOUS C E L L  CARCINOMA 

SQUAMOUS CELL  PAPILLOMA 

~RINARY SYSTEM 

+ t + t t t t t t t t t + + + + t t + + t + + t +  

+ + + + + + t t + + + + + t t + + + t + + + + + t  

I t + + t t t + + t t + + t t t + + + + t + + + + + I  

+ t + + + + t + t t + + + t + + + t t t + + + + +  

t t t + t t + t + t t t - t t t t t t t t + + t t  

K I D N E Y  + t t t t + + t t t t t t + t t t t + + t + + + +  

URINARY BLADDER t - t t t t t t t t t t - t t t t t + t + + + t t  
I 

P I T U I T A R Y  
CARCINOMA,NOS 
ADENOMA, NOS 
 ADENOCARCINOMA^ NOS 

ADRENAL 
PHEOCHROMOCYTOMA 

t + t + t t + t t t t + + t t + + t + + + + + + +  

THYROID 
FOLL ICULAR-CELL  CARCINOMA 
C-CELL CARCINOMA x x  
CYSTADENOMAI NOS 

PARATHYROID 

PANCREATIC I S L E T S  
I?ILET-CELL CARCINOMl  

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 
I N T E R S I I T I A L - C E L L  TUMOR, MALIONAN 

PROSTATE 

ADIPOSE T I S S U E  L 

Chlorobenzene 

+ I  T I S S U E  EXAMINED MICROSCOPICALLY : NO T I S S U E  INFORMATION SUBMITTED 
- 1  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY C l  NECROPSY, NO HISTOLOGY DUE 10 PROTOCOL 
X I  TUMOR I N C I D E N C E  :; :H‘WBSZ;S”E:IIOLYS15, NO MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I I S I N Q  

A :  AUTOLYSI$  

B: NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHJCLE CONTROL 

t t + + t + t t + t t + t + + t + + * + + + t + +  

t t + t + t t + t + t t + + t + + + + t + + t + t  
X X 

ANIPIAL 
NUMBER 

WEEKS ON 
STUDY 

P 
S K I N  

SPUAMOUS CELL  CARCINOMA 
BASAL-CELL  CARCINOMA 

50 

so 
I 
? 

LUNOS AND BRONCHI 
5PUAMOUS CELL  CARCINOMA, METASTAI  
HEPATOCELLULAR CARCINOMA. METASTI  

~~ 

N 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 

TRACHEA 

E T I C  SYSTEfl 

BONE MARROW 

SPLEEN 

LYflPH NODES 

THYMUS 

F IRCULATORY SYSTEM 

HEART 

m E S T I V E  SYSTEf l  

S I L l V A R Y  OLAND 

SO* 
I 
1 
6 

1 -  

L I V E R  
N E O P L A S T I C  NODULE 
HEPATOCELLULAR CARCINOMA 
LEUKEflIA,MONONUCLEAR CELL  

B I L E  DUCT 

GALLBLADDER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAOUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

SQUAMOUS C E L L  CARCINOMA 

SQUAMOU$ CELL  PAPILLOMA 

m y  5 Y S T E f l  

K I D N E Y  

URINARY BLADDER 

M 

ADRENAL 
PHEOCHROMOCYTOMA 

THYRDID 
FOLL ICULAR-CELL  CARCINOMA 
C-CELL  CARCINOPIA 
CYSTADENOMA, NOS 

PARATHYROID 

PANCREATIC I S L E T S  

EM 

I S L E I - C E L L  CARCINOMA 

MAMMARY OLAND 
FIBROADENOMA 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUflOR 
I N T E R S T I T I A L - C E L L  TUMOR, MALIONA 

PROSTATE 

SEMINAL V E S I C L E  
P A P I L L A R Y  ADENOPlA 

m V O U S  SYSTEM 

B R A I N  

BODY C A V I T I E S  

TUNICA V A O I N A L I S  
MESOTHELIOMA, NOS 

nl OTHER SYSTEMS 

ADIPOSE T I S S U E  

M ANl f lALS NECROPSIED 

I t 

ti T I S S U E  EXAMINED MICROSCOPICALLY t NO T I S W E  INFORMATION SUBMITTED ’ 
- :  R E Q U I R E D  T I S S U E  NOT EXAMINED MICROSCOPICALLY C l  NECROPSY, NO HISTOLOOY DUE TO PRDTOCOL X: lU f lOR I N C I D E N C E  

S:  A N l f l A L  MIS-SEXED 62 NO NECROPSY PERFORMED 

A; AUTOLYSIS  
N: NECROPSY. no AUTOLYSIS, no MICROSCOPIC EXAMINATION m ANIMAL MISSINO 

73 Chlorobenzene 



TABLE A3. 

P I T U I T A R Y  

ADRENAL 

THYROID 

ADENOMA, NOS 

PHEOCHROMOCYTOMA 

C-CELL CARCINOMA 
CYSTADENOMA. NOS 
CYSTADENOCARCINOMA, NOS 

PARATHYROID 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 
I S L E T - C E L L  CARCINOMA 

Chlorobenzene 

~ t + t t t t + t t t t + t t t + t t t + + t - t  

t t t t t t + t + t t t + t + t t t t t t t t t t  

X x x  X 

x x  x x  
t t t + * t + t t t + + t t t t t t t t t t t t t  

X X 
X 

X 

. , t t t t t t t t t t t t t t - - t t t t t t t t -  - 
t t t t t t t t t t t t t t + t t t + + t t t t t  

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
STUDYOFCHLOROBENZENE 

UUOT CkVllICS 

PERITONEUM 
FIBROSARCOMA 

MESOTHELIOMA, NOS 
T U N I C A  V A G I N A L I S  

K L  OTHER SYSTEMS 

S K I N  
SQUAMOUS C E L L  PAPILLOMA 
KERATOACANTUOMA 

FIBROMA 
SUBCUTANEOUS T I S S U E  

m I R A T O R Y  SYSTEM 

FIBROSARCOMA 
LUNGS AND BRONCHI  

N N N N N N N N N ~ N N N N N ~ N N ~ N N N N ~ I ~  

t t + ~ t t t + t t * + t t + + t t t t t t t t t  
X 

TRACHEA 

C SYSTEM 

BONE MARROW 

SPLEEN 

iynpn NODES 

TUYMUS 

~ R C U L A T O R Y  SYSTEM 

HEART 

m V E  SYSTEM 

ORAL C A V I T Y  

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADDER & COMMON U I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

SQUAMOUS C E L L  PAPILLOMA 

N E O P L A S T I C  NODULE 

ACINAR-CELL  ADENOMA 

 ADENOCARCINOMA^ NOS 

m R Y  SYSTEM 

M U L T I P L E  ORGANS NOS 
OSTEOSARCOMAr M E T A S T A T I C  
UNOIFFEREUTIATED LEUKEMIA 

t t t t t + t t t t t t t + t t t i t t t t t N t  
X X 

X 

X X 
t t t t t t t t t t t t t t t t t t t t t t t N t  

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

X X 

I + t + t t + + + + + + + * * * t * * t + t t t + +  I 

t l t t t t t t  

t t t t t t t t t t t t t t t t t t t t t t + t +  

~ 

+ t t t t t t t t t t + t - t t t t t t t t t + t  

I 
K I D N E Y  t t t t t t t t t t + t t t * t t + + t t t t + t  

URINARY BLADDER + t t t t t t t t t t t t t t t t t t t + - t - t  
T R A U S I T I O N A L - C E L L  PAPILLOMA X 

MMNlAR7 GLAHD 
FIBROADENOMA 

I T I A L - C E L L  TUMOR 

( N N N N N N N N N N N N N N N N N N N N N U N N N  I EYE APPENDAGES 
FIBROSARCOMA 

+ I  T I S S U E  EXAMINED MICROSCOPICALLY : NO T I S S U E  INFORMATION SUBMITTED 
-: REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY C: NECROPSY, NO HISTOLOGY DUE TO PROTOCOI 
X: TUMOR I N C I D E N C E  A: AUTOLYSIS  
U I  NECROPSY, NO AUTOLYSIS ,  NO MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I S S I N G  
9 1  ANIMAL MIS-SEXED B :  NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

T w R o i D  t t * * t + * t t * t * t * t t - t * * t * + * *  
C-CELL CARCINOMA X X X 
CYSTADENOMA. NOS X 

S K I N  
SQUAMOUS C E L L  PAPILLOMA 
KERATOACANTHOMA 

E L L  PAPILLOMA 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADOER I. C O M O H  B I L E  DUCT 

PAHCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N l E S T I N E  

L L R O E  I N T E S T I N E  

NEOPLASTIC NODULE 

ACINAR-CELL  ADENONA 

ADENOCARCINOMA, NOS 

K I D N E Y  

ADRENAL 
PNEOCNROMOCYTOMA 

k9 
I 

B R A I N  
ASTROCYTOMA 

OSTEOSARCOMA 
S P I N A L  CORD 

PARATHYROID 4 

t + t t + + t t t + + t + t t t + t t t t + + t t  5 0  
1 

N N N N N N N N N H N N N N N N N N N N N N H H N  50H 

-. . 

PANCREATIC I S L E T S  t t * t * t * t *  + * .) - t *  * - t *  * * * t *  + *a 
X 

x .  
I S L E T - C E L L  AOENOMA 
I S L E T - C E L L  CARCINOMA I 

T EM 

TUNICA V A G I N A L I S  
MESOTHELIOMA, NOS 

A L L  OTHER SYSTEMS 

M U L T I P L E  OROANS NOS 
OSTEOSARCOMA, M E T A S T A T I C  
U N D I F F E R E N T I A T E D  LEUKEMIA 

MAMMARY OLAND 
FIIROAOENOMI 

N N N N N N N N N N N N N N N N N M N N N N N N N  5011 
X 

t + t t t t t t t t + t t t t t N t t t t t + + t  50H 
I 

N N N N N N N N N N N N N N N N N N N M N N N N N  S O H  

x x  X X X 
2 

T E S T I S  

PROSTATE 

P R E P U T I A L / C L I T O R A L  OLANO 

I N T E R S T I T I A L - C E L L  TUMOR 

CARCINONA,NOS 

PERITONEUM 
FIBROSARCOMA 

H ANIMALS NECROPSIED 

* I  T I S S U E  ExAnrHEo nrcRoscaPrcittY I NO TISSUE I N F O R ~ A T I O N  SUDPIITTED ' 
- 1  R E Q U I R E D  T I S S U E  NOT EXAMINED M I C R D S C O P I C A L L I  C l  NECROPSY, NO HISTOLOGY DUE T O  PRDlDCDL 
X I  TUMOR I N C I D E N C E  A 8  A U T O L Y S I S  
N1 NECROPSY, NO AUTOLYSIS ,  NO MICROSCOPIC E X A M I N A T I O N  M l  ANIMAL M I S S I N O  
SI ANIMAL M I S - q E X E 0  B :  NO NECROPSY PERFORMED 
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TABLE A3. 

S K I N  

SUBCUTANEOUS T I S S U E  

I A S A L - C E L L  CARCINOMA 

FI IROMA 
FIBROSARCOMA 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR 
STUDYOFCHLOROBENZENE 

+ n + r n w w t t + + + + + t + + + + r + ~ + t t  

+ ~ + r n ~ n r t t + + + + + t t + + r t ~ + + +  
X 

X 

HEART t + + + + + + + + t + + + t + + + + + + + t + + +  

ORAL C A V I T Y  
SQUAMOUS CELL PAPILLOMA 
KERATOACANTHOMA 

K I D N E Y  

URINARY I L A D D E R  
T R A N S I T I O N A L - C E L L  PAPILLOMA 

ERE~TRINE SYSTEM 

S A L I V A R Y  W A N D  

L I V E R  
NEOPLASTIC NODULE 

m c  DUCT 

OALLBLAODER L C O ~ D N  Bite DUCT 

, + + + + + + + + ~ + * + t * + + + + t t t + + + t  

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

PANCREAS 
ACINAR-CELL ADENOMA 

M U L T I ? L L  OROANS NOS 
MCSOTHCLIOMA, NOS 
MCSDTNCLIDMA MALIONANT 
U N D I F ~ C R C N T I ~ T C D  L I U K C M I A  

E  S 0 P H A 0 US 

S T 0 M A C  H 
SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

oKl?mo SYSTEM 

n n n ~ n n n n w n n n ~ n ~ n n ~ n n ~ ~ ~ n n  
X 

X  
X X 

P I T U I T A R Y  

ADRENAL 

ADEWOMA, nor 

PHEOCHROMOCYTOMA 
OANOLIONEUROMA 

CYSTADENOMA, HOS 

I T I A L - C E L L  TUMOR 

Chlorobenzene 

* f  T I S I U C  CXAMINCD MICROSCOPICALLY I NO T I I S U E  INFORMATION S U I M I T T E D  ##IRpc:;:;W: NOT E X I M I N C D  MICROSCOPICALLY CI ncciorsy. NO nzaiotooy DUE 10 PROTOCOL 
A l  A U T O L Y I I S  

NECROPSY NO A U T O L Y I I S ,  NO MICROSCOPIC E X A M I N A T I O N  M I  ANIMAL M I S S I N O  
S t  ANIMAL M i S - W X C D  I I  NO NCCROPSY ?ERFORMCD 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

S K I U  

SUBCUTAnEOUS T I S S U E  

BASAL-CELL CARCIUOMA 

FIBROMA 
PIBROSARCOUA 

+ + + n + + + + n + + + + + + + + + + + n t + + +  SOI 
I 

+ + + n + + + + n + + + + + + + + + + + n + + + +  S O *  

I 
X  X  

LUUOS AND BROWCUI 

TRACHEA 

BDWE UARRDY 

SPLEEN 
NEUANOIOMA 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  ka 

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

k7 
1 

L I V E R  

B I L E  DUCT 

N E O P L A S T I C  WODULE 

OMBLADDER a c o r n o ~  BILE DUCT 

PANCREAS 

ESOPHAOUS 

STOUACH 

SUALL I U T E S T I N E  

LAROE I U T E S T I N E  

ACINAR-CELL ADEUOUA 

D~IHARY s y m n  

tmpn UODES 

wmus  

HEART 

ORAL C A V I T Y  
SPUAUOUS C E L L  P A P I L L O M A  
KERATOACAUTHOMA 

S A L I V A R Y  OLAND 

+ + + + - - + + + * + - + + - - + + + - + + + + -  37 

. . . . . . . . . . . . . . . . . . . . . . . . .  k I  

. . . . . . . . . . . . . . . . . . . . . . . . .  SQ 

n n n n n n n n n n N n N n n n n n n n N n n N n  SOU 
I 

. . . . . . . . . . . . . . . . . . . . . . . . .  45 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
N n N W n n n W N W n n W n n n n N N N n n n W N 

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

x x  x x  x x  

K I D N E Y  . . . . . . . . . . . . . . . . . . . . . . . . .  5 0 .  

URINARY BLADDER . . . . . . . . . . . . . . . . . . . . . . . . .  4 1  
T R A N S I T I O N A L - C E L L  P A P I L L O U A  X  1 

SYSTEU 

kV 
a 

k P ,  

S O I ,  

k8 

CYSTADENOUA, WOS 

T E S T I S  
I W T E R S T I T I A L - C E L L  TUMOR 
HEUAWOIOSARCOUA 

I I I 

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

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

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

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

l U N I C A  V A O I N A L I S  . . . . . . . . . . . . . . . . . . . . . . . . .  
U E 5 O T H E L I O U A ~  NOS 

5 0 ,  

k 1 .  

4 6 .  

k7 

M U L T I P L E  OROAWS 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  sow 
MESOTHELIOMA, NOS 
MESOTUELIOMA, U A L I O N A N T  I 
U U D I W e R E N T I A T E D  L E U K E U I A  1 

X  I 

W ANIMALS NECROPSIED 

I II0 T I S S U E  I N F O R M A T I O N  S U B M I T T E D  ’ 
c i  WECROPSY, H0 HISTOLOOY DUE TU PROTOCOL 

+I  T I S S U E  EXAMIUED U I C R O S C O P I C A L L Y  
- 1  R E W I R E D  T I 5 S U E  WOT CXAMINED MICROSCOPICALLY 
X I  TUMOR I n C I D C N C C  A I  A U T O L Y 5 I S  
U t  NECROPSY, H0 A U T O L Y S I S 8  NO M I C R O 5 C O P I C  O ( A M I N A T I 0 N  MI A N I M A L  M I S $ I U O  
5 1  AUIMAL UIS-IEXCD B: no N E c R o r s y  PERFORUED 
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TABLE A4. 

K I D N E Y  

URINARY BLADDER 

EM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

,.+ + t + + t + + + M + + + t + + + + + + + t + + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

UNTREATED CONTROL 

+ + + t + + + + + M - t t + + + + + + + + + + + +  

x x x x x  x x  X x x  x x  X l  

t ~ + + + + + + + M + + + t + + + t t + + + + + t  

X x .  

X 

+ + + + + + t + + M t + t + + t + + + + + + + + +  

. + - +  + + + - + - M + + - - + + + + t - + + + t + ,  

t + + + + + + t t n + + + + + - + + + t + t + + +  

X 

+ + + + + t + + + M + + + + + + N + + + + + + t +  

LUNGS AND BRONCHI  
LIPOSARCOMA, M E T A S T A T I C  

BONE MARROU 

SPLEEN 

LYMPH NODES 

B R A I N  
CARCINOMA, NOS, I N V A S I V E  

INS 

NEUROFIBROSARCOPIA 
EAR 

YSTEMS 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADDER a COIlPlON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

NEOPLASTIC NODULE 

m N A R Y  SYSTEM 

t + + + + + + + t M + + + t t + + + + t + + + + +  
X 

N N N N N N W N N M N N N N N N N N N H N N N N N  

M U L T I P L E  ORGANS NOS 
LEUKEMIAtNOS 
LYMPHOCYTIC LEUKEMIA 

L 

P I T U I T A R Y  
CARCINOMA.NOS 
ADENOMA. NOS 

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

C-CELL CARCINOMA 

ADRENAL 

THYROID 

PARATHYROID 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 

W N N N N N N N N M N N N N N N N N N N N N N N N  

X 
X X 

MAMMARY GLAND 
P A P I L L A R Y  AOENOCARCINOMA 
CYSTAOENOMA, NOS 
P A P I L L l R Y  CYSTADENOMA, NOS 
FIBROADENOMA 

I ( r + + + t t N N + M + + N t N + + t + + t + + + +  

M E T R I A L  STROMAL POLYP 

+ :  T I S S U E  EXAMINED MICROSCOPICLLLY I NO T I S S U E  INFORMATION S U N I I I T E D  
-: REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY C l  NECROPSY, NO NISTOLOGY DUE TO PROTOCOL 
X: TUMOR I N C I D E N C E  
N: NECROPSY, NO AUTOLYSIS ,  NO PIICROSCOPIC E X A M I N A T I O N  A: % ~ ~ s k ~ l ~ ~  
S:  A N I N A L  MIS-SEXED D: NO NECROPSY PERFORMED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) UNTREATED CONTROL 

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

X 

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

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

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

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

SUBCUTANEOUS TISSUE 
FIBROSARCOMA 
NEUROFIBRO5ARCOMA 

,e* 1 
1 

69 

k l  

I 

68 

69 

61 

6b 

69 

YSTEM 

LUNOS AND BRONCHI 

TRACHEA 

LIPOSARCOMA, METASTATIC 

c SYSTEM 

BONE MARROU 

SPLEEN 

L W H  NODES 

THYMUS 

HEART 

S A L I V A R Y  OLAND 

L I V E R  

BILE DUCT 

OALLBLADDER li C O m O N  B I L E  DUCT 

PANCREAS _ _  
ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

N E O P L A S T I C  NODULE 

sysien 
K I D N E Y  

URINARY BLADDER 

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

P I T U I T A R Y  
CARCINOMA.NOS 
ADENOMA, NOS 

69 

. . . . . . . . . . . . . . . . . . . . . . . . .  69  

4 
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

49 

65 

68 

27 

l H Y R O I D  

P A R A t H Y R O l D  

PANCREATIC I S L E T S  

M 

C-CELL CARCINOMA 

I S L E T - C E L L  ADENOMA 

I 4 9 f  I B R A I N  
CARCINOMA, NOS, I N V A S I V E  

. . . . . . . . . . . . . . . . . . . . . . . . .  6 9  
X 

X I 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

- - + + + + + + + - - + + ~ + + + + + + + + + - -  3 1 .  

. . . . . . . . . . . . . . . . . . . . . . . . .  6b 

X X 

X 

EAR NEUROFIBROSARCOMA l N N N N + N N N N N N N N N N N N N N N N N + N H  

UTERUS 
ADENOMA. NOS 
ENDOMETRIAL STROMAL POLYP 

L U TEOMA 

G R A ~ O S A - C E L L  TUMOR 

OVARY 

U AHIMALS NECROPSIED 

. . . . . . . . . . . . . . . . . . . . . . . . .  69 
X 1 

X X X 9 

1 
. + + ~ + * ~ * ~ + + , + . ~ ~ ~ + + ~ + ~ ~ + ~  69  

X 2 ~. 

I NO T I S S U E  IMFORMATION S U B M I T T E D  * 
Cl NECROPW. NO HISTOLOOY DUE TO PROTOCOL 
A :  A U T O L Y S I S  

+ s  T I S S U E  EXAMINED I I ICROSCOPXCALLY 
- 1  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 

N: NECROPSY, NO AUTOLYSIS,  NO MICROSCOPIC E X A M I N A T I O N  M: A N I M A L  M I S S I N 0  
5 l N I I I A L  M I S - S E X E D  B: NO NECROPSY PERFORMED 

XI iunoi INCIDENCE 
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TABLE Al .  

INDIVIDUAL ANIMAL TUMOR PATHOLOQY OF FEMALE RATS IN THE TWO-VEAR 
STUDY OF CHLOROBENZENE 

SPLEEN 

L m r N  NOOCS 

1HvnUS 

MALIO.LWHOMA, M I S T I O M I C  TYPE. 

VEHICLE CONTROL 

+ * * + + * + + ~ * , * * + + * * * + + ~ * + ~ *  
* * - * ~ * * * + * * * * * - ~ - * - + * * * ~ *  

x 
~ * ~ + * + * * * + - * * - * * + * * * * - + * *  

A D I E N A L  
C O R l I C I L  C A R C I l M l u  
PNCOCHROllOCYTO(U 

IHYROIO c - c m  CARCIND~U 

CARAlHVROIO 

P I M C R C A T I C  I S L E I S  
I S L E T - C E L L  C A R C l N D l U  

1 A L I V A R Y  OLANb 
AOENOMA, NOS 

L I V E R  

B I L E  W C T  

O A L L I L A O O U  8 C O m O N  I I L C  W E 1  

P A N C R e I l  

EIOPNAOUI 

STOMACH 

$MALL I N T E S T I N E  

LAROE I N T E I l l N E  

* + * * + + * * * + * + * * * * + + + * * * * * *  
X 

+ - + + * * + + * + + + + + + + + * + + * * * * +  
+ - * * * * - + * + * - * * + * + * + - * * * * t ,  
+ * * * + ~ * * + * * * * + + * * + * * + + * + +  

I x 

X 

C l T U I l A R Y  
AOENWIA, NOS 

UANlARY OLANO 
CACILLIRY AOINDlU 
C Y S I A O I N O I U ~  NOS 
rIIROADCNDlU 

I No IISSUC I N f O m T 1 D N  WUI1TTCO 
C l  HCCROISV, NO NISTOLOOV WC 10 PROTOCOL 
I I  4UIOLYSIS 

!; TISlUE LXll l l l lCO R1CROSCOI1CALLY 

X I  lUNOR XNCIOCNCC 
N8 NECROPSY, NO AUTOLYSISs NO R I C R O S C O C I C  UUI INATIDN R, ANIRLL 11SS1NO 
$ 1  I N l n A L  N1S-8CXEO NO HECROCSV PLRCORMI!D 

REQUIRED TISSUE NO1 C X U I I N E D  U I C R O S C O C I C I L L Y  
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

P R E P U T I A L / C L I T O R A L  QLAHD 

UTERUS 

o%!LLARY CYSTADEWOMA. NOS 

CARCINOMA.NOS 

ENDOMETRIAL STROMAL rotv 

QRANULO5A-CELL TUMOR 

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

ADENOMA. NOS 

L I V E R  

BILE DUCT 

OALLBLADDER I C O m D N  B I L E  DUCT 

STOMACH 

SMALL I N T E S T I N E  

K I D N E Y  

W n N N N N W N N N N W W W N N W W N N N N N N ~  I O N  

+ + + + + I + + + + + + + + + + + + + + + + + + +  1 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  IO 

X 

I X  X x x x x  x x x  L .  

! 
c 2 - .  

P I T U I T A R Y  

ADRENAL 

ADENOMA, NOS 

CORTICAL CARCINOMA 
PHEOCHROM0CYTO)IA 

I A N I M A L S  NECROPSIED 
+ I  T I S I U E  EXAMINED MICROSCOPICALLY I NO T l S S U E  I N F O R M A T I O N  SUBMfTTED * 
- 1  REQUIRED TISSUE HOT EXAMIHEO M I C R O S C O P I C A L L Y  C l  HECROPW, NO HISTOLOOY DUE TO ?ROlOCOL 

M '   NECROPSY^ NO AUTOLYSIS,  NO MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I S 5 I N Q  
X I  TUMOR I N C I D E N C E  A f  A U T O L Y S I S  

ANIMAL M I 5 - S E X E D  B !  NO NECROPSY PERFORMED 

Chlorobenzene 



TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
STUDYOFCHLOROBENZENE 

LOW DOSE ___--______________-______________ 
ANIMAL 
NUMBER 

UEEKS ON 
STUDY 

T R T E X ~ M E N T A R Y  SYSTEM 

S K I N  

SUBCUTANEOUS T I S S U E  

KERATOACANTHOMA 

LIPOSARCOMA 

RESPIRATORY SYSTEM 

LUNGS AND BRONCHI  

TRACHEA 

!T€RTTOPOIETIC SYSTEM 

BONE MARROY 

SPLEEN 

LYMPH NODES 

THYMUS 

-LATORY SYSTEM 

HEART 

SYSTEM 

ORAL C A V I T Y  

S A L I V A R Y  OLAND 

L I V E R  

B I L E  DUCT 

QALLBLADDER I C O M O N  B I L E  DUCT 

PANCREAS 

ESOPHAOUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

SQUAMOUS C E L L  P A P I L L O M A  

N E O P L A S T I C  NODULE 

ACINAR-CELL  ADENOMA 

EM 

K I D N E Y  

URINARY BLADDER 

STEM 

P I T U I T A R Y  
CARCINOMA,NOS 
ADENOMA, NOS 
 ADENOCARCINOMA^ NO¶ 

ADRENAL 
PHEOCHROMOCYTOMA 

THYROID 
FOLL ICULAR-CELL  CARCINOMA 
C-CELL CARCINOMA 
CYSTADENOMA. NOS 

PARATHYROID 

PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 

MAWARY W A N D  
ADENOMA. N 0 5  
P A P I L L A R Y  CYSTADENOHA, NO¶ 
PIBROADENOMA 

P R E P U T I A L / C L I T O R A L  OLAND 

UTERUS 

ADENOCARCINOMA, NOS 

ENDOMETRIAL STROMAL POLYP 

OVARY 
LUTEOMA 
QRANULOSA-CELL TUMOR 

STEM 

B R A I N  
CARCINOMA, NOS, I N V A S I V E  

R SYSTEMS 

M U L T I P L E  OROANS NOS 
LEUKEMIA.NOS 
UHOIFFERENTIATED LEUKEMIA 

N N N N N N N N N N N N N N N N N N N N N N N N N I  

N + * N l * N N t l + N * t + 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 I + + + + + t + + + + + + + + ~ + + + + t + t + + t  

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

: NO T I S S U E  INFORMATION SUBMITTED 
C: NECROPSY, NO HISTOLOGY DUE TO PROTOCOL 
A :  AUTOLYSIS  

+: T I S S U E  EXAMINED MICROSCOPICALLY 
-: REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
N: NECROPSY, NO AUTOLYSIS ,  NO MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I S S I N G  
J. ANIMAL MIS-SEXED B: NO NECROPSY PERFORMED 

Chlorobenzene 82 



TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

THYROID ' + + * * * + * + + * * - + * * + + * * + + ~ + + +  
P O L L I C U L A R - C E L L  CARCINOMA X 
C-CELL CARCINOMA X 

E L L  P A P I L L O M A  

S A L I V A R Y  WAND 

L I V E R  

B I L E  DUCT . ___. 

O A L L I L A D D E R  8 COMMON B I L E  DUCT 

PANCREAS 

N E O P L A S T I C  NOWLe 

ACINAR-CELL ADENOMA 

REINOMA8 NOS 

ADRENAL 
PHEOCHROMOCYTOIIA 

49 
1 
1 

M U L l I P L E  OROANS NOS 
L E U I E M I A , N O S  
U N D I F F C R C N T I A T E D  LEUKEMIA 

PARATHYROID 

?ANCREATIC I S L E T S  
I 5 L E T - C E L L  ADENOMA 

. - 

M E T R I A L  51ROMAL ?OLY? 

N n N N N n N N M N N n N N M n N N N N N N M N N  501  
1 

x x  X 8 
X 

M ANIMALS NECROPSIED 

I NO T I S S U E  I N F O R M A l I O N  S U B M I l l E D  
C I  NECROPSY, NO H I S T O L O Q Y  DUE TO PROlOCOL 
A 8  A U T O L Y S I S  

+i  T I S S U E  EXAMINED MICROSCO?ICALLY 
- I  REQUIRED I I S S U E  NOT EXAMINED PI ICROSCOPICALLY 

S i  ANIMAL M I S - S E X E D  B r  NO NECROPSY PERFORMED 
~ ~ ~ ~ ~ P ~ ~ ~ l ~ ~ N ~ ~ T ~ ~ Y S I S ,  NO MICROSCOPIC EXAPl INATION M i  A N I M I L  M I S S I N O  
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TABLE A4. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

HIGH DOSE 
.................................... 

ANIMAL 
NUMBER 

STUDY 
YEEKS on 

SYSTEM 

S K I N  
SQUAMOUS CELL  PAPILLOMA 

k E S P I R A T O R Y  SYSTEM 

LUNGS AN0 BRONCHI 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

TRACHEA 

HETKTZIPOIETIC SYSTEM 

BONE MARROU 

SPLEEN 

L m P H  NODES 

THYMUS 

EM 

HEART 

S A L I V A R Y  GLAND 

L I V E R  
NEOPLASTIC NODULE 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

CALLBLADDER a comon BILE DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 
LEIOMYOMA 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

m A R Y  SYSTEM 

K I D N E Y  
TUBULAR-CELL ADENOCARCINOMA 

URINARY BLADDER 

EM 

P I T U I T A R Y  
ADENOMA, NOS 
ASTROCYTOMA, I N V A S I V E  

CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

ADRENAL 

THYROID 
FOLL ICULAR-CELL  CARCINOMA 
C-CELL CARCINOMA 
P A P I L L A R Y  CYSTADENOMA, NOS 

PARATHYROID 
ADENOMA, NOS 

M A M A R Y  OLAND 
FIBROADENOMA 
FIDROAOENOCARCINOMA 

ADENOCARCINOMA, NOS 
P R E P U T I A L l C L I T O R A L  GLAND 

UTERUS 
SARCOMA. nos 
L EIOMYOMA 
ENDOMETRIAL STROMAL POLYP 
CARCINOSARCOMA 

OVARY 
ORANULOSA-CELL TUMOR 

Em 

ASTROCYTOMA 
B R A I N  

m L  SENSE ORGflNS 

ZYMBAL 'S  GLAND 
ADENOCARCINOMAr NOS 

m OTHER 

M U L T I P L E  GROANS NOS 
L 

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

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

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

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

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

X X X X + :I - + + + + + - + + + + + + + - + + + + + + + -  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  ;I . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + N + + + + + + + N + + + + H + + + + +  

n n n m n n n ~ n n n ~ n ~ n ~ ~ n n ~ ~ ~ n n n  

X X X - 

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

x x  X 

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

X 

Chlorobenzene 

8 NO T I S S U E  INFORMATION SUBMITTED 
C i  NECROPSY, NO HISTOLOGY DUE TO PROTOCOL 
A :  AUTOLYSIS  

+I T I S S U E  EXAMINED MICROSCOPICALLY 
- I  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
N t  NECROPSY, NO A U l O L Y S I S ,  NO MICROSCOPIC EXAMINATION M: ANIMAL M I S S I N O  
S: ANIMAL MIS-SEXED B :  NO NECROPSY PERFORMED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

+ + + + + t + + + + t t t + + + t t t + * * * * *  

+ + + + + + + t + + + + + + + + + + * t + + + + t  

ANIMAL 
NUMBER 

UEEKS ON 
STUDY 

INTEGUflEHTARY SYSTEM 

50 

so 

S K I H  
SQUAMOUS C E L L  PAPILLOMA 

RESPIRATORY SYSTEM 

LUNGS AND I R O N C H I  

TRACHEA 

ALVEOLAR/BRONCHIOLAR CARCINOMA 

I EM 

BONE MARROY 

SPLEEN 

LYMPH WODES 

T H I I I U S  

m L A T O R Y  SYSTEM 

HEART 

m V E  SYSTEM 

S A L I V A R Y  GLAND 

t t -  - - + + t +  + - + + + + + + - - t -  + - + - 

n * t ~ t + + n + n + + + w w + + + + + + + ~ n +  

N N N ~ N W H ~ ~ N H H ~ N N W ~ W N H ~ W N W ~  

x x  X X 

+ + + * + t * + + + + + * + + * t + + + + t + + +  

X x x  x x  x x  _ _  

L I V E R  
N E O P L A S T I C  NODULE 
H E r A l O C E L L U L A R  CARCINOMA 

1b 
I 

son 
7 
L 

50* 

so 
X I  I 

$ 0  

B I L E  DUCT 

GALLBLADDER k COMMON 8 I L E  DUCT 

PANCREAS 

ESOPHAGUS 

N N N N N N ~ H N ~ W N N H H H N N H H N N N N H  

STOMACH 
LEIOMYOMA 

s o x  
I 1  

SMALL I N T E S T I N E  

LARGE I H T E S T I H E  

D R I N A R Y  SYSTEf l  

K I D N E Y  
TUBULAR-CELL ADEHOCARCINOMA 

URINARY BLADDER 

'&DOCRINE SYSTEM 

P I T U I T A R Y  
ADENOMA, HDS 
ASTROCYTOMA, I N V A S I V E  

CORTICAL LDEHOMA 
PHEOCHROMOCYTOMA 

ADRENAL 

THYROID 
FOLL ICULAR-CELL  CLRCIHOMA 
C-CELL CARCINOMA 
P A P I L L A R Y  CYSTADENOMA, NOS 

PARATHYROID 
ADENOMA, nos 

STEM 

M A I I M R Y  GLAND 
FIBROADEHOMA 
FIBROADENOCARCINOMA 

ADENOCARCINOMA, NOS 
P R E P U T I A L / C L I T O R A L  GLAND ' 

UTERUS 
SARCOMA, NOS 
LE lOnYOMA 
ENDOMETRIAL STROMA-L ?OiP----- 
CARCINOSARCOMA 

OVARY 
ORANULOSA-CELL TUMOR 

NERVOUS SYSTEM 

ASTROCYTOMA 
B R A I H  

SEHSE ORGAWS 

ZYMBAL 'S  GLAND 

*iL OTHER m E M S  

ADEHOCARCINOMA. nos 

MULTIPLE ORGANS nos 
L 

+ t t N + t + + + t + + + t + + + + t + ' + t + +  n l  son 

t + + + t t + + t + + + + t t + + + t + + + + t + l  k8 

+ t + ,  t t + t + + t + t + + - + + + - t + + t - 1  *j? 
x x  x x  x x  
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MICE 
ADMINISTERED CHLOROBENZENE IN CORN OIL BY GAVAGE 
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TABLE 61. 

INTEGUMENTARY SYSTEM 

* S K I N  
SQUAMOUS CELL PAPILLOMA 
SARCOMA, NOS 
FIBROMA 
FIBROSARCOMA 
HEUROFIBROSARCOMA 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

5 ( 1 0 % )  

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

t (2%) 

CARCINOMAt NOS, METASTATIC  
HEPATOCELLULAR CARCINOMAt METAST 4 (8%) 
ALVEOLAR/BRONCHIOLAR ADENOMA 5 ( 1 0 % )  

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

ALVEOLAR/BRONCHIOLAR CARCINOMA 1 ( 2 % ) .  2 ( 4 % )  
P A P I L L A R Y  CYSTADENOCARCINOMAtMET 

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

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

HEMATOPOIETIC  SYSTEM 

NMULTIPLE ORGANS ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
MALIG.LYMPHOMAt LYMPHOCYTIC TYPE 1 (2%) 2 ( 4 % )  2 ( 4 % )  3 ( 6 % )  
MALIG.LYMPHOMAt H I S T I O C Y T I C  TYPE 2 ( 4 % )  3 ( 6 % )  3 ( 6 % )  
MALIGNANT LYMPHOMA, M I X E D  TYPE 2 ( 4 % )  1 ( 2 % )  1 ( 2 % )  

*ABDOMINAL C A V I T Y  ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
MALIGNANT LYMPHOMA, N O S  1 (2%)  

#SPLEEN ( 4 8 )  0 9 )  ( 4 9 )  ( 4 7 )  
I O C Y T I C  TYPE 1 (2%)  

t NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

#LYMPH NODE 
SARCOMA, NOS, METASTATIC  

(32) 

#MESENTERIC L .  NODE ( 3 4 )  (32) ( 3 8 )  
CARCINOMAt NOS, M E T A S T p T I C  1 ( 3 % )  
MALIGNANT LYMPHOMA, M I X E D  TYPE 1 ( 3 % )  

U A X I L L A R Y  LYMPH NODE ( 3 4 )  ( 3 2 )  (32) ( 3 8 )  
SARCOMA, N O S ,  METASTATIC 1 (3%)  

WPEYER'S PATCH ( 4 3 1  ( 4 5 )  ( 4 0 )  ( 4 2 )  
MALIG.LYMPHOMAP LYMPHOCYTIC TYPE 1 ( 3 % )  .................................................................................................. 

CIRCULATORY SYSTEM 

* M U L T I P L E  ORGANS 
HEMANGIOSARCOMA 

#BONE MARROW 

#SPLEEN 

HEMANGIOSARCOMA 

HEMANGIOMA 
HEMANGIOSARCOMA 

HEMANGIOMA 
#MYOCARDIUM 

# L I V E R  
HEMANGIOSARCOMA 

( 5 0 )  

( 5 0 )  
1 ( 2 % )  

( 4 9 )  ( 4 9 )  

D I G E S T I V E  SYSTEM 

U L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
LIPOSARCOMA 

( 5 0 )  ( 5 0 )  ( 4 9 )  ( 4 8 )  
7 ( 1 4 % )  5 ( 1 0 % )  5 ( 1 0 % )  5 ( 1 0 % )  

1 0  (21%) 
1 ( 2 % )  

14 ( 2 6 % )  12 ( 2 4 % )  13 ( 2 7 % )  

HGALLBLADDER ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
CARCINOMAtNOS 1 ( 2 % )  

I NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
W NUMBER OF ANIMALS NECROPSIED 
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED) 

UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
ADENOMA, NOS 

#ADRENAL 
CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

#ADRENAL/CAPSULE 
ADENOMA, NOS 

#THYROID 
P A P I L L A R Y  ADENOMA 
FOLL ICULAR-CELL  ADENOMA 

( 4 6 )  ( 5 0 )  

( 4 2 )  (39) 
1 ( 2 % )  
2 ( 5 % )  

( 4 7 )  

( 4 7  1 

#THYROID F O L L I C L E  ( 4 2 )  (39) ( 4 7 )  
P A P I L L A R Y  CYSTADENOMA, NOS 1 ( 2 % )  

# B R A I N  ( 5 0 )  
OLIGODENDROGLIOMA 1 (2%)  

,SPECIAL  SENSE ORGANS 

*HARDERIAN GLAND ( 5 0 )  ( S O )  ( 5 0 )  (50 1 
ADENOMA, NOS 1 ( 2 % )  
P A P I L L A R Y  ADE NOMA 1 (2%)  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE 81. MALE MICE: NEOPLASMS (CONTINUED) 

ALL  OTHER SYSTEMS 

* M U L T I P L E  ORGANS 
SARCOMA, NOS 
SARCOMA, NOS, METASTATIC  

ANIMAL D I S P O S I T I O N  SUMMARY 

ANIMALS I N I T I A L L Y  I N  STUDY 50 
NATURAL DEATH 15 
MORIBUND S A C R I F I C E  5 
SCHEDULED S A C R I F I C E  

2 9  
1 

TERMINAL S A C R I F I C E  
DOSING ACCIDENT 

ANIMAL M I S S I N G  
ANIMAL MISSEXED 
OTHER CA SFS 

ACCIDENTALLY K I L L E D ,  NDA 
ACCIDENTALLY K I L L E D ,  NOS 

50 
13 
3 

54 

50 
8 
3 

39 

50  
12 
8 

e8 
2 

NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

TUMOR SUMMARY 

TOTAL ANIMALS W I T H  PRIMARY TUMORS% 
TOTAL PRIMARY TUMORS 

TOTAL ANIMALS W I T H  BENIGN TUMORS 
TOTAL BENIGN TUMORS 

TOTAL A N I M A L S  W I T H  MALIGNANT TUMORS 

TOTAL ANIMALS W I T H  SECONDARY TUMORS# 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
B E N I G N  OR MALIGNANT 

TOTAL MALIGNANT TUMORS 

TOTAL SECONDARY TUMORS 

 TOTAL UNCERTAIN TUMORS 

30 
4 5  

2 1  

1 9  
24  

4 
4 

18 

30 
4 3  

16 
12 

23  
27 

3 
6 

3 1  
4 7  

1 3  
1 4  

27 
33 

7 
8 

35 
4 9  

13 
15 

27 
34 

2 
2 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
PRIMARY OR M E T A S T A T I C  

TOTAL UNCERTAIN TUMORS 
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TABLE 82. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE ADMINISTERED 
CHLOROBENZENE I N  CORN OIL BY GAVAGE 

UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

5 0  5 0  5 0  
5 0  5 0  5 0  
5 0  5 0  5 0  

ANIMALS I N I T I A L L Y  I N  STUDY 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 

INTEGUMENTARY SYSTEM 

*SUBCUT T I S S U E  
SARCOMA, NOS 
RHABDOMYOSARCOMA 
NEUROFIBROSARCOMA 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  3 (6%) 1 (2%) 
1 (2%)  

2 ( 4 % )  

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

1 (2%) 

HEMATOPOIETIC  SYSTEM 

* M U L T I P L E  ORGANS ( 5 0 )  ( 5 0  
MALIGNANT LYMPHOMA, NOS 3 (6%) 1 
MALIG.LYMPHOMA, UNDIFFER-TYPE 
MALIG.LYMPHOMA1 LYMPHOCYTIC TYPE 6 ( 1 2 % )  2 
MALIG.LYMPHOMA8 H I S T I O C Y T I C  TYPE 4 (8%) 4 
MALIGNANT LYMPHOMA, M I X E D  TYPE 2 ( 4 % )  
LYMPHOCYTIC LEUKEMIA 1 

#SPLEEN ( 4 7 )  (50  
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIG.LYMPHOMA, H I S T I O C Y T I C  TYPE 1 ( 2 % )  1 

MALIG.LYMPHOMA, H I S T I O C Y T I C  TYPE 1 (2%) 
' # S P L E N I C  F O L L I C L E S  ( 4 7 )  ( 5 0 )  

( 5 0  
(2%)  1 

( 4 % )  6 
(8%) 1 

1 
( 2 % )  

( 4 9  
1 

( 2 % )  

( 5 0  

1 
( 2 % )  

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

( 4 9  
(2%) 2 

2 

( 4 9 )  ( 4 9 )  

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

( 4 % )  
( 4 % )  

#BRONCHIAL LYMPH NODE (36) (33) ( 4 2 )  ( 3 4 )  
M A L I G .  LYMPtiOMA LYMP HOCYTIC TYPE 1 ( 2 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED) 

# I N G U I N A L  LYMPH NODE (36) ( 3 3 )  ( 4 2 )  ( 3 4 )  
MALIG.LYMPHOMA, H I S T I O C Y T I C  TYPE 1 (3%) 

# L I V E R  
KUPFFER-CELL SARCOMA 

#GASTRIC SUBMUCOSA 
MAST-CELL SARCOMA 

( 4 8 )  

( 5 0 )  

( 4 7  1 

( 5 0 )  
1 ( 2 % )  

( 4 9 )  

( 5 0 )  

( 4 6  1 
1 ( 2 % )  

* M U L T I P L E  ORGANS ( 5 0 )  ( S O )  
HEMANGIOSARCOMA 1 (2%) 1 (2%) 

*SUBCUT T I S S U E  ( 5 0 )  
HEMANGIOSARCOMA 

#SPLEEN 
HEMANGIOMA 
HEMANGIOSARCOMA 

HEMANGIOSARCOMA 

H EMANOI OMA 

#UTERUS 

#UTERUS/ENDOMETRIUM 

( 4 7 )  

( 4 8 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  ( 4 6 )  

WTONGUE 
SQUAMOUS CELL CARCINOMA 

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  
1 (2%) 

# L I V E R  ( 4 8 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
H E P A T O C W L A R  A D E N O  MA 4 (8tO 2 ( 4 % )  2 ( 4 % )  1 (2%) 

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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#GASTRIC MUCOSA 
ADENOMATOUS POLYP, NOS 

( 4 8 )  
1 ( 2 % )  

( 4 7 )  ( 4 9 )  

# P I T U I T A R Y  
CARCINOMA,NOS 
ADENOMA, NOS 

#A DR E l l  A L / C A P S U L E ( 4 9 )  ( 4 9 )  ( 5 0 )  ( 4 9 )  

#ZONA FASCICULATA ( 4 9 )  ( 4 9 )  ( 5 0 )  ( 4 9 )  

ADENOMA, NOS 1 ( 2 % )  

ADENOMA, NOS 1 (2%) 

#THYROI D ( 4 0 )  
PAP I L L ARY AD E NOMA 
FOLL ICULAR-CELL  ADENOMA 

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

*MAMMARY GLAND ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  

#UTERUS ( 4 8 )  ( 5 0 )  ( 5 0 )  ( 4 8 )  

ADENOCARCINOMA, NOS 1 (2%) 1 ( 2 % )  1 (2%) 

L E 1  OMYOMA 1 (2%)  
/ OMY SARCOMA 7 

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
H HUMBER OF ANIMALS NECROPSIED 
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TABLE 82. FEMALE MICE: NEOPLASMS (CONTINUED) 

tUTERUS/ENDOMETRIUM 
CARCINOMApNOS 

#ENDOMETRIAL GLAND ( 4 8 )  
ADENOCARCINOMA, NOS 1 (2%) 

NERVOUS SYSTEM 

S P E C I A L  SENSE ORGANS 

MUSCULOSKELETAL SYSTEM 

BODY C A V I T I E S  

*MEDIASTINUM ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
ALVEOLAR/BRONCHIOLAR CAP METASTA 1 ( 2 % )  

KPER I TON EUM 
MESOTHELIOMA, NOS 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  

HPLEURA ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
' ALVEOLAR/BRONCHIOLAR CA, I N V A S I V  1 ( 2 % )  

ALL  OTHER SYSTEMS 

( 5 0 )  ( 5 0 )  ( 5 0 )  [ S O )  
I 1 (2%) 

* M U L T I P L E  ORGANS 
OS, M E T A S T A T I C  

:I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE 82. FEMALE MICE: NEOPLASM (CONTINUED) 

ANIMAL D I S P O S I T I O N  SUMMARY 

ANIMALS I N I T I A L L Y  I N  STUDY 5 0  5 0  5 0  5 0  
NATURAL DEATH 8 7 6 9 
MORIBUND S A C R I F I C E  5 3 3 3 
SCHEDULED S A C R I F I C E  
TERMINAL S A C R I F I C E  37 4 0  4 1  37  
DOSING ACCIDENT 1 
ACCIDENTALLY K I L L E D ,  NDA 
ACCIDENTALLY K I L L E D ,  NOS 
ANIMAL M I S S I N G  
ANIMAL MISSEXED 
OTHER CASES .................................................................................................. 

TUMOR SUMMARY 

TOTAL ANIMALS W I T H  PRIMARY TUMORS* 3 2  2 5  26  2 9  

TOTAL ANIMALS W I T H  B E N I G N  TUMORS 15 11 8 11 

TOTAL ANIMALS W I T H  MALIGNANT TUMORS 2 4  18 2 2  2 3  

TOTAL ANIMALS WITH SECONDARY TUMORS$ 2 2 1 3 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
BENIGN OR MALIGNANT 2 

TOTAL ANIMALS W I T H  TUMORS UNCERTAIN- 
PRIMARY OR METASTATIC  

TOTAL PRIMARY TUMORS 4 3  36 3 8  3 8  

TOTAL BENIGN TUMORS 17 15 8 13 

TOTAL MALIGNANT TUFlORS 26  2 1  2 8  2 5  

TOTAL SECONDARY TUMORS 3 2 I 4 

TOTAL UNCERTAIN TUMORS 2 

TOTAL UNCERTAIN TUMORS 

* PRIMARY TUMORS: A L L  TUMORS EXCEPT SECONDARY TUMORS 
I) SECONDARY TUMORS: METASTATIC  TUMORS OR TUMORS I N V A S I V E  I N T O  AN ADJACENT ORGAN ................................................................................................. 
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TABLE 83. 

S K I N  

SUBCUTANEOUS T I S S U E  

FIBROMA 

SARCOMA, NOS 

RESPIRATORY,SYJTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

n t t + t t ~ t t t t t t t + t t t t + t t n t t  

n t t + + + * t + + t t t + t * t * t t t t ~ t t  

ADRENAL 
CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

P A P I L L A R Y  ADENOMA 
FOLL ICULAR-CELL  ADENOMA 

THYROIO 

+ + + * + + + + + ' + + + t * t * * * * t t t t t t  
x x  LUNGS AN0 BRONCHI 

HEPATOCELLULAR CARCINOMA. METASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLARIBRONCHIOLAR CARCINOMA X 

t t t + t t - t t t t + t t t - t t t t t t - t t  
X 

X 

. t t + - . - t t t t t t t - - t t t - t t t t t  

BONE MARROW 

SPLEEN 

LYMPH NODES 

HEMANGIOSARCOMA 

HEMANGIOSARCOMA 

S A L I V A R Y  GLAND 

HAROERIAN GLAND 
P A P I L L A R Y  ADENOMA 
P A P I L L A R Y  CYSTAOENOMA~ NOS 

nL OTHER S m M S  

X X x x  x x  
L I V E R  

HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
LIPOSARCOMA 
HEMANGIOSARCOMA 

n n n n m n n n n n n n n n n n n n ~ n n n n n w  

B I L E  DUCT 

M U L T I P L E  ORGANS NOS 
SARCOMA, nos 
MALIG.LYMPHOMAl LYMPHOCYTIC TYPE 

n n n n n n n n n n n ~ n n n n n ~ ~ ~ n n w w w  
X 

X 

PARATHYROID 

T E S T I S  

Chlorobenzene 

t NO T I S S U E  INFORMATION S U I M I T T E D  
CI NECROPSY. NO RISTOLOOY DUE TO PROTOCOL 
A I  AUTOLYSIS  

+:  T I S S U E  EXAMINED MICROSCOPICALLY 
- L  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X: TUMOR I N C I D E N C E  
N: NECROPSY, NO AUTOLYSIS, NO MICROSCOPIC EXAMINATION MS ANIMAL M I S S I N G  
S:  ANIMAL MIS-SEXED B *  NO NECROPSV PERFORMED 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) UNTREATED CONTROL 

S K I N  

SUBCUTANEOUS T I S S U E  

FIBROMA 

SARCOMA, NOS 

t t t +  + N t t N t t t t *  n * r t t +  u t * * +  I O U  

t t t t t  N t t  N t t t t t N  + + t + t N t t t t  I O #  
X 1 

X I ., 

- 
LUNOS AND BRONCHI 

HEPATOCELLULAR CARCINOMA, METASTA 
ALVIOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

TRACHEA 

LYMPH NODES 

THYMUS 

t t * t t t t t t t + * + t + t t t + t t t + t t  50 
X X 6 

X X X I  

L I V E R  
HEPATOCELLULAR ADEHOMA 
HEPATOCELLULAR CARCINOMA 
LIPOSARCOMA 
HEMANGIOSARCOMA 

M U L T I P L E  ORGANS NOS 
SARCOMA, NOS 
MALIO.LYMPHOMA, LYMPHOCYTIC TYPE 

LYMPHOPIA. M I X E D  TYPE 

B I L E  DUCT 

GALLBLADDER 8 COMMON 6 I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

URIHARY SYSTEM 

K I D N E Y  

URINARY BLADDER 

N N N N N N N N N N N N N H N N N N N N N N N N N  sow 
X 1 

2 

X 
X X +I  5:; I J * t + + t t + + t + t t * * + t t t t t t t t t  x x  x 

x x  x x x  

-CELL ADENOMA 

MAMMARY OLAND 

T E S T I S  

~ N N N N N N N N N N N N N H N N N N N N N ~ N N N  X 

HAROERIAN OLAND 
P A P I L L A R Y  ADENOMA 
P A P I L L A R Y  CYSTAOENOMA, NOS 

ANIMALS NECROPSIED 
+I  T I S S U E  EXAMINED MICROSCOPICALLY I NO T I S S U E  INFORMATION SUBMITTED 
- I  REQUIRED T I S S U E  NO1 EXAUINED UICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
N8 NECROPSY, NO AUlOLY515 ,  W0 MICROSCOPIC E X A M I N A I I O N  M8 ANIMAL M I S S I H G  

C t  NECROPSY, NO HISTOLOOY DUE TO PROIOCOL 
A I  A U I O L Y S I S  

B I  NO NECROPlY  PERFORMED 

99 Chlorobenzene 



TABLE 83. 

+ + + + t t + + * t + + t + + t + + + t ~ + + t t ~  

t t t + + t * + + t + + t + + + * + + t * * l t *  

x x  x x  X X 
X 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

DIAPHRAGM nos 

S K I N  
SQUAMOUS CELL  PAPILLOMA 
NEUROFIBROSARCOMA 

Lunes AND BROI~CHI + * + + + * + + + * + t + + + t * + t t ~ + t t t  
CARCINOMA, N O S ,  METASTATIC 
HEPATOCELLULAR CARCINOMA, METASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/IRONCHIOLAR CARCINOMA 

5PLEEN 

LYMPH NODES 

HEMANGIO5ARCOMA 

CARCINOMA, NOS, METASTATIC 

HEART 
HEMAIIGIOMA 

SALIVARY GLAND 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
HEflhHOIOSARCOMA 

B I L E  DUCT 

GALLBLADDER L comon  BILE DUCT 
CARCINOMA.NOS 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

URINARY SYSTEM 

' * t t + + t t ' + t t * + t * t t + * t t t t t +  

+ + + + ' , + + t t + t t  N + t H n + t H n + u t +  

K I D N E Y  

B R A I N  t * + + t + * + + + + * + + t + * t + . ~ + + * ~  

S P E C I A L  SEHSE ORGANS I 

M U L T I P L E  OROANS NDS ~ N N N N N ~ ~ N ~ N ~ N ~ ~ U ~ U ~ ~ N N N N N  
MALIO.LYMPHOMA, LYMPHOCYTIC TYPE 
flALIG.LYMPHOMAI H I S T I O C Y T I C  TYPE 
MALIGNANT LYMPHOMA. f l I X E 0  TYPE 

t I  T I S S U E  EXAMIHEO MICROSCOPICALLY : H0 T I S S U E  INFORMATION SUBMITTED 
-: REQUIRED T I S S U E  HOT EXAMINED MICROSCOPICALLY C :  HECROPSY, NO HISTOLOGY DUE 10 ?ROlOCOL 
X I  TUMOR I N C I D E N C E  A :  AUTOLYSIS  
N8 NECROPSY. NO AUTOLYS150  H0 MICROSCOPIC EXAMINATION M: ANIMAL M I S I I H O  
S t  ANIMAL MIS-SEXED no NECROPSY PERFORMED 

Chlorobenzene 100 



TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) VEHICLE CONTROL 

W I N  
SQUAMOUS CELL PAPILLOMA 
UEUROfIBROSARCOnA 

SUBCUTAHEOUS T I S S U E  
SARCOMA, NOS 
NEUROFIBROSARCOMA 

+ ,  * + t t + + + + + + + + + + + + + + + + + + + 5 w .  
I 

+ + * t + + * + + + + + + * + + + + * + + + + + t  50n 
X 2 

X I .  

X 

LUUOS An0 BRONCHI 
CARCIUOMA, NOS, M E T A 5 T A T I C  
HE?ATOCELLULAR CARCINOMA, METASTA 
ALVCOLAI/BROUCNIOLAR ADEUOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

BOUE MARROY 

SPLEEU 
HWAWOIOSARCOMA 

CARCIUOMA. UOS, METASTATIC 
LYMPH HODES 

S A L I V A R Y  GLAUO 

+ + + + + + + + t t +  + + + + t +  + + 
X X 

x x  x x  HEPATOCELLULAR CARCINOMA 
HEMAUGIOSARCOMA 

50 
5 

12 

B I L E  DUCT 

GALLBLADDER I C O M O U  B I L E  DUCT 
CARCIHOMA,UOS 

PAUCREAS 

ESOPHAGUS 

STOMACH 
SMALL I U T E S T I U E  

LARGE I N T E S T I N E  

EM 

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

I H + + + + + N N + + + + + + + U + + + + + + + ~  - X 
+ - + + * + + + + + + + + + + + + * * t  + * *  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

5 0 .  

5 0 "  
I 

4 9 ,  

4 8 ,  

4 8 .  

4 5 ,  

4 7  

K I D U E Y  

URIUARY BLADDER 

-NE SYSTEM 

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
CORTICAL ADENOMA 
PHEOCHROMOCYTOMA 

THYROID 

+ + * ~ + + + + + + + + t t + + + + + + + t + + +  5 0 ,  

* - + + + + ~ - * + + + * * + + * - + + + + + + +  4 7  

+ - * + + + * + + * - + + * + - + * - + + + + + +  $ 1  
I 

M U L T I ? L E  OROAUS UOS W U U U U U N ~ U U ~ W N U U U N N U U U U U W N  
MALIO.LYMPHOMA~ LYMPHOCYTIC TYPE 
MALIO.LYMPHOMA, H I S T I O C Y T I C  TYPE X X 
MALIOUAUT LYMPHOMA, M I X E D  TYPE X 

50* 

2 
1 

I NO T I I S U E  INFORMATIOH SUBMITTED 
n  ANIMA^? N R P I 

C ,  NECROPSY, NO HISTOLOOY DUE T O  PROTOCOL 

II W0 NECROPSY P€RFORMEO 

%ha &lIW€D I( ICROSCOI1CALLY 
- I  REQUIRED T I l S U E  N O 1  EXAMINED MICROSCOPICALLY 
X: lM0R I N C I D E N C E  A I  A U I O L Y S I ¶  
N: NWRO?SY, NO AUIOLYSIS ,  NO I I C R O S C O P I C  ~ X A M I N A l I O N  M I  ANIMAL H I S S I H O  

DIAPHRAGM HOS 
S I V E  
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TABLE 63. 

HARDERIAN GLAND 
P A P I L L A R Y  CYSTADENOMA. NOS 
P A P I L L A R Y  CYSTAOENOCARCINOt lA~HOS 

hODY C A V I T I E S  

PERITONEUM 
MALIGNANT LYMPHOMA, NOS 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR 
STUDYOFCHLOROBENZENE 

N H N N N N N N N N N N N N N N N N N N N N N N N  

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

I SUkCUTANEOUS T I S S U E  
SARCOMAr NOS 
FIBROSARCOMA 

MESENTERY 
HEMANOIOSARCOMAs M E T A S T A T I C  

LUNOS A N 0  k R O N C H I  + + + t + t + + + + + t t + + - + + + + + + + + +  
H E P I T O C E L L U L A R  CARCINOMA, METASTA 
ALVEOLAR/kRONCYIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA ' PAPILLARY C I $ I A D C N O C L R C I N O M A , M ~ T ~  

SPLEEN 
HEMANOIOMA 
MALIO.LYMPHOMA, H I S T I O C Y T I C  TYPE 

MA, NOS, M E T A S T A T I C  

TOCELLULAR ADENOMA 
TOCELLULAR CARCINOMl 

B I L E  DUCT 

GALLBLADDER I COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

P I T U I T A R Y  

ADRENAL 
PHEOCHROMOCYTOMA 

P A P I L L A R Y  CYSTADENOMAl NOS 
THYROID 

MAMMARY GLAND 

T E S T I S  

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

U U L T I P L E  DROAHS NOS 
HEMANGIOSARCOMA 
M A L I 0 , L Y M P H O M A ~  LYMPHOCYTIC TYPE 
MALIO.LYMPHOMA, H I S T I O C Y T I C  TYPE 

N 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 

Chlorobenzene 

2 NO T I S S U E  INFORMATION S U B N I T T E D  
C: NECROPSY, NO HISTOLOOY DUE TO PROTOCOL 
A :  A U T O L Y S I S  

t: T I S S U E  EXAMINED MICROSCOPICALLY 
-: REQUIRED T I S S U E  NOT EXAMINED MICROSCGPICALLY 
X l  TUMOR I N C I D E N C E  
N:  NECROPSY, NO A U l O L Y S I S ,  NO MICROSCOPIC E X A M I N A T I O N  M: A N I M A L  M I S S I N G  
SI ANIMAL M I S - S E X E D  B8 NO NECROPSY PERFORMED 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

S K I M  + + t + + + + t t + + n + t + * * t + t + ~ ~ + t  
HEUROFIBROSARCOMA 

5or 
t 

+ + + + + + t + + + + + + + + t t t * * * * * * *  
X X 

X X 

LUHOS AND BRONCHI 
HEPATOCELLULAR CARCINOMA. MET A S T A I  
ALVEOLAR/BROHCHIOLAR ADENONA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
P A P I L L A R Y  CYSTAOENOCARCINOMA~META. X 

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

k E M A T O P O I E T I C  SYSTEM 

BONE MARROW 
HEMANGIOSARCOMA 

,e 
I 
3 

X I  

48 

I +  t t + + * + + t t t t t t t + - t + + + t t t * I  $8 
1 

MAMMARY GLAND 

T E S T I S  

PROSTATE 

SYSTEM 

OLIOOOEHDROGLIOMA 

S P E C I A L  SENSE ORGANS 

BRAIW 

HEMANGIOMA 
MALIO.LYMPHOMA, H I S T I O C Y T I C  TYPE 

LYMPH NODES 
SARCOMA, nos. METASTATIC 

L I V E R  
HEPATOCELLULAR ADENOVb 
HEPATOCELLULAR CARCIhOMA 
HEMAHGIOSARCOMA 

B I L E  DUCT 

GALLBLADDER i common BILE DUCT 

PA N C R E A S 

ESOPIAOUS 

STOMACH 

SMALL I n T E s T I n E  
MALIG.LYMPBOMA, LYMPHOCYTIC TYPE 

LAROE I N T E S T I N E  

n n n u n ~ n n n n n n n ~ n n ~ n n n n n n ~ n  5 0 1  

- + + + t * t + + * t + * l * + * + t t + t t + t  I8 

. . . . . . . . . . . . . . . . . . . . . . . . .  4 9  

+ * + t t t * + t t + * t t t t t t t t t t t + t  50 
X I 

P I T U I T A R Y  , 

ADRENAL 

THYROID 

PARATHYROID 

PHEOCHROMOCYTOMA 

P A P I L L A R Y  CYSTAOENOMA, NOS 

m C T I V E  SYSTEM 

HARDERIAN GLAND 
PAPILLARY CYSTADENOMA. nos 
P A P I L L A R Y  CYSTAOENOCARCINOMAr~OS 

bJOY C A V I T I E S  

PERITONEUM 
M A L I o n A n T  LYMPHOMA. nos 

t + + t + + + t t t - t +  t i t *  t t  47 

- + - + + - , + - - - - - - - + - + - t t - t t t  25 

n n n n n n ~ n n n n n n n n n ~ n n n n ~ n ~ n  5 0 *  

X 1 

n n n ~ ~ n n n n n n n ~ n n n n n n n n n n n ~  5 0 *  

MESENTERY 
HEMA~OIOSARCOMA, METASTATIC  

n n n n ~ n n n n n n n ~ n n n n n n ~ ~ n n n n  5 Q N  

M U L T I P L E  ORGANS NOS 
HEMAWOIOSARCOMA 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIO.LYMPHOMA, n x s i i o c Y T I c  TYPE 

n n n n ~ ~ n ~ ~ n n n n ~ n n ~ n n n n n n n n  5 0 s  

X 2 
t 

X 

n ANIMALS l lECROP$IED 

I NO I I S S U E  INFORMATION S U B M I I T E D  
at  MULTIPLE o c c u R E n c E  OF m o R P n o L o w  

:: 
B ,  no n E c r t o P s y  PERFORMED 

y;;;;; no HISIOLOGY DUE T O  PROIOCOL 
+ I  I I S W E  EXAMINED MICROSCOPICALLY 
-I REQUIRED I I $ $ U E  NOT EXAMINED MICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
Ut WECLOP$Y. NO AUTOLV$IS ,  MO MICROSCOPIC EXAMIWATIOW M I  AHIMAL V155111G 
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TABLE 63. 

SUBCUTANEOUS T I S S U E  
SARCOMAI W05 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE I N  THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

t * * t + t * * + + t + + + + + + t t t t t t t t  
X 

S K I 1  
SARCOMA, NOS 
FIBROSARCOMA 
UEUROPIBROSARCOMA 

TRACHEA 

+ + + + + + * * + + + * + t + * t + + + + t + t  
I x  x x  x 

* * + + t t t t ~ + + ~ + + * t t * t t + + t t +  

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

HEMANGIOSARCOMA 

HEMANGIOSARCOMA 

MALIGNANT LYMPHOMA, M I X E D  TYPE . 

~IRCULATORY SYSTEM 

LUNGS AND BRONCHI t * * * t * t t + + + * + + t + + + + + + + + + t  
HEPATOCELLULAR CARCINOMA, METASTA X 
ALVEOLAR/BRONCHIOLAR ADENOMA X X 
ALVEOLAR/BROUCHIOLAR CARCINOMA X X 

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

+ + t t + * * + + t * t * + + t t t t * t t t + t  

- - t + + - + + + + + - * + - * + t t t t + t t +  
x _ _  

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

HEART * + + + t + t * t + * * + t * + t * t t t + + + +  

S A L I V A R Y  GLAND 

L I V E R  
HEPATOCELLULAR ADENOMA 

HEMANGIOSARCOMA 
HEPATOCELLULAR CARCINOMA, 

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

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

x x  X x x x  

T E S T I S  

PROSTATE 

KERVOUS SYSTEM 

B R A I N  

-L SENSE OROANS 

HARDERIAN OLAND 

n L  OTHER SYSTEMS 

P A P I L L A R Y  CYSTAOENOMA, NOS 

~ * * ~ + * t t + + * * t t * * * + + + + + t * +  

* ~ * + + * + + , * + + + * - ~ + * * + + + ~ * +  

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

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

Chlorobenzene 

M U L T I P L E  ORGAHS NOS 
SARCOML, UOS, M E T A S T A T I C  
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 

TYPE 

: NO T I S S U E  INFORMATION SUBMITTED 
C :  NECROPSY, NO HISTOLOGY QUE TO PROTOCOL 

t I  T I S S U E  EXAMINED MICROSCOPICALLY 
-: REPUIREO T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X i  TUMOR I U C I O E N C E  A: A U I O L Y S I S  
U t  UECROPSY, UO AUJOLY5IS,  W0 MICROSCOPIC E X A N I N A T I O N  M: ANIMAL M I S S I N O  
SI AUIMAL MIS-SEXED B: NO NECROPSY PERFORMED 

N N N N N N N N N N N N N N N U N N N N N N U N U  
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

URIUARY SYSTEM 

K I D N E Y  

URINARY BLADDER 

EM 

P I T U I T A R Y  

S K I N  
5ARCOMA. N05 
f IBRO5ARCOMA 
NEUROFISROSARCOflA 

4 1  , 

r + + + + + - + ~ + + + + + t + + + + A t + t + +  ) I  

+ - - + + + + + + + + * + + - + * + + + + - + + +  @a 

+ + + t + + + + + + + + + + + * + t + N * t r l *  S w l  

X ” 

M U L T I f L E  OROAU5 UOS 
SARCOMAt N051 METASTATIC 
RALIO.LYMPHOMA~ LYMPHOCYTIC TYPE 

5UBCUTAUEOU5 T I S S U E  . . . . . . . . . . . . . . . . . . . . . . . . .  501  
SARCOMA, NOS 

I I 

n n n ~ n u n ~ n n n n n ~ ~ n n n n n ~ ~ ~ ~ ~  501  
x 4  

X X s X X X 

LUUOS AND 0RONCHI t + + ,  + + + + + + + + , +  + + + + + + A t + + + + 69 

x x  HWATOCELLULAR CARCINOMA, M E T A S T I  
ALVEOLAR~BRONCHIOLAR ADENOMA I 6 
ALVEOLAR/0RONCHIOLAR CARCINOIA  x x  

SPLEEN 

LYRPU UODES 

HUIANOIOSARCOMA 

MALIOHANT LYMPHOMA. M I X E D  TYPE 

S A L I V A R Y  OLAND 

L I V E R  
HEPATOCELLULAR ADEUOMA 
HEPATOCELLULAR CARCINOMA 
HEflANOID5ARCOMA 

B I L E  DUCT 

OALLBLADDER I COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I U E  

ADRENAL 
ADENOMA, NOS 
CORTICAL ADENOMA 

I H0 T I S I U E  I N t O R f l A T I O N  5 U B f l I I T E D  
1 AUIMAt !  U ROPSIED 

CI n E c i o w ,  no HI~TOLOOY DUI TO PROIOCOL 
F f S S U E  EXAMINED M I C R O 5 C O f I C A L L I  

A I  A U I O L Y S I I  

B: NO NLCRO?SY ?ER?ORMED 

- 1  RCPUIRED I I S S U E  NO1 CXAf l lNEO f l I C R O S C O f I C A L L Y  
X I  TUMOR I N C I D L N C E  
MI NCCROfSY. 80 AUTOLYBIS, NO MICROSCOPIC E X A M I N A I I O N  M I  ANIMAL M I S I I N O  
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TABLE 84. 

TRACHEA 

m M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

MALIG.LYMPHOMA, H I S T I O C Y T I C  TYPE , 

RRCULATORY SYSTEM 

HEART 

D I O E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

+ + + t + t t t t t t t t t t t t t - t + t + t t  

+ + + + + t t t + + + + * t t + t t t + t t t t t  

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

+ - + + + - + - - -  + + - - + - t + + - t + + t +  

+ + t + + + + - + + + + - -  + + + t + - + + t + -  

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

+ + t t t + * * t + + * t + + t t + + t + t t t t  

UNTREATED CONTROL 

t + t + + * t * + + * * t t + * + + t t ~ ~ t + ~  

N * N N  + t N N N  t t N N N  t + + t t N + t t + y  

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

t + t t * * t t t t t * * * t t t t t * * t t * t  

t + + + + + t + t t + ~ t t * t t + t t t t t t +  
X 

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

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

LUNOS AND BRONCHI + + + t + + t * t t t t * t * t * * t t t t t t t  
ALVEOLAR/BRONCHIOLAR ADEHOMA X 
ALVEOLAR/BRONCHIOLAR CARCINOf lA X 
P A P I L L A R Y  C Y S T A D E N O C A R C I N O M ~ ~ M E T A  X 

K I D N E Y  

URINARY BLADDER 

~NOOCRINE SYSTEM 

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

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

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

PANCREATIC I S L E T S  + + + * + - t + + t + t t t - + t t - t t t +  
I S L E T - C E L L  ADENOMA --L+ REPRODUCTIVE SYSTEM 

+ + + t N t + t t N + t + N t t N + + N t + I  MAMMARY GLAND 

B I L E  OUCT 

OALLBLADDER k COMflON B I L E  DUCT 

PANCREAS 

UTERUS 
L E 1  OMYOMA 
LEIOl lYOSIRCOMA 
ENDOMETRIAL STROMAL POLYP 
HEMANOIOMA 

OVARY 

NERVOUS SYSTEM 

B R A I N  

ESOPHAGUS 

STOMACH 

SOUAMOUS CELL CARCINOMA 

AOENOMATOUS POLYP, NOS 

* + + * + + t + t + + + + + + t + + t + t + t t t  

X 
X 

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

t t t t t t t t t t t t t t t t t t t t t t t t t  

pp-. 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

URINARY SYSTEN 

HARDERIAN GLAND 
P A P I L L A R Y  CYSTADENOCARCINOMA,NOS 

I t  + + + + + + + + + + + + + + + + + + + + + + + +I 

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

PLEURA 
ALVEOLAR/BRONCHIOLAR CAI I N V A S I V E .  

ALVEOLAR/BRONCHIOLAR CA, METASTAT 
M E D I A S T I N U M  

A L L  OTHER SYSTEMS 

N 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  

P I T U I T A R Y  

ADRENAL 

ADENOMA, NOS 

MALIGNANT LYMPHOMA, NOS 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIO.LYMPHONA, H I S T I O C Y T I C  TYPE 

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

+ t * t * * * t t * * + + * t + t * t * t t t i t  

X 
x x  x x  

THYROID 

PARATHYROID + + + - t t - + * - t - t - - t t -  _ _ _ _ _  

M U L T I P L E  OROANS 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 I S S U E  EXAMINED MICROSCOPICALLY : NO T I S S U E  I N F O R t l L T I O N  SUOMITTEO 
- :  REQUIRED T I S S U E  NOT EXAMINED P4ICROSCOPICALLY C :  NECROPSY, NO HISTOLOGY DUE T O  PROTOCOl 
X I  TUMOR I N C I D E N C E  A: A U T O L Y S I S  
N: NECROPSY, H 0  AUTOLYSIS,  NO MICROSCOPIC E X A M I N A T I O N  M: ANIMAL M I S S I N G  
S i  ANIMAL M I S - S E X E D  B :  NO NECROPSY PERFORMED 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) UNTREATED CONTROL 

NARDCRIAN OLAND 
PAPILLARY CYSTADE~OCARCI~OMA,~OS 

.LYMPHOMA. NISTIOCYIIC IYPE 
L W N  NODC1 

SALIVARY OLAND 

~ ~ ~ N N N N N ~ ~ ~ N ~ ~ N ~ N ~ ~ N N ~ N N N  I O *  

LIVER 
WEPATOCELLULAR ADENOMA 
HEPATDCCLLULAR CARCINOMA 

PLEURA 

MEDIASTIHUM 
ALVEOLAR/BRO~CNlOLAR CAI INVASIVE. 

AlVEOLAR/BRONCRIOLAR CAP METASTAT 

S 

ESOPNAOUS 
SQUAMOUS CELL CARCIROMA ' 

N ~ N ~ ~ N N N ~ N N N N N N ~ ~ ~ ~ N ~ N ~ N N  I O *  

n n n n n n n n n n n n d n n n n n n n n ~ n n ~  50: 

SToMAcn 

SMALL INTESIINE 
LAROE INltSTIME 

ADCNOMATOUS POLYP. nos 

M 

MULTIPLE OROAWS NOS 

MALIO.LYMPtlOMA, tlISllOCYTIC TYPE 
n u I o n m i  LYMPNOMA, nos 
MALIO.LYMPHOMA~ LYMPHOCYTIC TYPE 

n n n n n n n n n n n n n ~ ~ n n n n ~ n n n n n  sou 
X X 

6 
X x x  1 2 

x x  

1 NO TISSUE IWFORMATIOI( SUBMlllED R AHIMAt? N R P I D 
CI NECROPSY. NO nisiotooy DUE 10 PRoiocoL 

DI  no nEcRopsy PERFORMED 

ff&d ~XAMIYEO MICROSCOPICALLY 
RCQUIRI!D 11SSUC NOT UAMI) ICD MICRO5COPICALLY - 1  

X I  1VIIOR INCIDENCE A I  AUIOLYSIS 
N1 WCCROIIYI NO AUIDLVSISr NO MICROSCOPIC EXAMIYAlIDN M1 A l l l P l A L  MISSINO 

107 Chlorobenzene 



TABLE 84. 

TRACHEA 

EM 

BONE MARROY 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
STUDY OF CHLOROBENZENE 

+ . t t t + - + - + t t - t - i r + + + t t t t *  

t t t t t t t + + t t t t t t * t t t t t t t t t ,  

VEHICLE CONTROL 

EM 

HEART 

m S T I V E  SYSTEM 

ORAL C A V I T Y  
SQUAMOUS CELL  CARCINOPlA 

SUBCUTANEOUS T I S S U E  
SARCOPlA, NOS 
RHABDOMYOSARCOMA 

m P I R A T O R Y  SYSTEM 
I 

t t + + + + + t t * * + t + + + + t t t t + ~ t t  

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

X I ~ ~ + + + t t t t i t + t t N t t t t t ~ t t t t t  

S A L I V P R Y  GLAND 

L I V E R  
HEPATOCELLULAR ADEHOMA 
HEPATOCELLULAR CARCINOPlA 

LUNOS AND BRONCNI t + , t t t t t t t t i t t t t t t t t t ~ ~ t +  
ADENOCARCINOMA. NOS, METASTATIC  X 
ALVEOLAR/BRONCUIOLAR ADENOMA 

+ 1 t + + t i t t t t + + + <.**L.* t i t - t - i  t 

+ * t t + + + + t t t t * * t t t t t t i t t ~ +  
X 
X 

K I D N E Y  

URINARY BLADDER 

bNDOCRINE SYSTEN 

SPLEEN + t t t t t t t t t + + t t t t t t t t ~ t t t t  
HEMANGIOSARCOMA X 
MALIG.LYM?NOMA~ N I S T I O C Y T I C  TYPE X 

i t t t t t + + t i + t + t * * * * t + t t t t t ,  

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

LYMPH NODES - i t t t t t - - t - t - - - t t t t t t t t t -  
MALIG.LYMPHOMA, H I S T I O C Y T I C  TYPE 

TNYMUS ~ - t + t t t - - + t t t t t t t t - - t  X X 
X 

MALIO.LYMPHONA, LYNPHOCYTIC TYPE 
MALIONANT LYMPHOMA, M I X E D  TYPE 

B I L E  DUCT 

OALLBLADDER k CONMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SNALL I N T E S T I N E  

LARGE XNTESTI I IE  

URINARY SYSTEM 

t + + t + * * t + + + i t t t t t t t t t t t t t  

+ N + + i t N t i + + t t t t t N t t t t t t t t  

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

t t t t t i - t i t t t t i t t t t t t t t t i t  

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

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

t t t t t + t + t t t t t t t t + + t t t i t ~ t  

P I T U I T A R Y  

ADRENAL 

ADENONA, NOS 

ADENOMA, NOS 

t + t + + + - t - t t - + + + + i - t ~ t ~ t t -  

+ t + t t t * t + + + t t t * t * * * t t t t t t  

X X 

X 

THYROID t + t t t t - + - + + t - t - t * - t t t t + t i  
P A P I L L A R Y  ADENOllA X 
FOLL ICULAR-CELL  ADENOMA 

+ + i t - t + t + t t + * t * * * t t t t  I -  ' PANCREATIC I S L E T S  
I S L E T - C E L L  ADENOMA 

OCARCINONAI NOS 

METRIAL  STRONAL POLYP 

8 NO T I S S U E  INFORMATION SUBMITTED 
Cr NECROPSY, NO NISTOLDOY DUE TO PROTOCOL 
A I  AUTOLYSIS  

t 8  T I S S U E  EXAMINED MICROSCOPICALLY 
- I  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY 
X I  TUMOR I N C I D E N C E  
N: NECROPSY. NO A U I O L Y S I S ,  NO MICROSCOPIC EXAMINATION M: ANIMAL M I S S I N Q  
S: A N I N A L  MIS-SEXED B 8  NO NECROPSY PERFORNED . 
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, 

THYROID t t t + t t t + t t - t * t t - - t * t + t t + +  
P A P I L L A R Y  ADENOMA 

SUBCUTAHEOUS T I S S U E  t t t i t t t t t + t + + r t t + t + t i t + t +  50n 
SARCOMA, HOS X 
RHABDOMYOSARCOMA 1 

42 
I 

ARCINOMA. NOS, METASTATIC  
ARIBRONCHIOLAR ADENOMA 

.LYMPHOMA, H I S T I O C Y T I C  TY?E 

.LYMPHOMA. H I S T I O C Y T I C  TYPE 

MALIG.LYMPHOMA. LYMPHOCYTIC TYPE 
M A L l G N A N l  LYMPHOMA, M I X E D  TYPE 

THYMUS 

TOCELLULAR ADENOMA 
TOCELLULAR CARCINOMA 

PANCREAS 

ESOPHAGUS 

STONACH 

SMALL I N T E S T I N E  

PARATHYROID 

PANCREATIC I S L E T S  

T I V E  SYSTEM 

I S L E T - C E L L  ADENOMA 

MANNARY OLAHD 
AD~NOCARCIHOMA, NOS 

+ - - t - + t * , + - - - t t - - - - - - t + t +  2 1  

t t t + t t t t t t - t t t t t t t t t t t t t t  $7 
X I 

+ + t + N + + t t t H N t + t t t t t t t * * n .  50K 
I 

UTERUS 
ENDOMETRIAL SlROMAL POLYP 
HEMANOIOSARCOMA 

SARCOMA. NOS, I H V A S I V E  
HEMANGIOMA 

OVARY 

X 
+ + + I * + + + + + * + * + + + + * + + + + t t +  

x x  

+ t + + t + t + + t - - t t t * - t t * t t t t t  + I  
X 

1 

B R A I N  + t t + t t t t t t t t t t t + t t t * t t t t t  1 0  

t II0 T I S S U E  INFORMATION SUBMITTED 
II ANIMALS NECROPSIED 

C l  HECROPSY, I IG HISTOLOOY DUE TO PROIOCOL 
A t  AUTOLYSIS  

+ I  T I S B U E  EXAf4IWLD MICROBFOPICALLY 
- I  R l P U I R L D  I I S S U E  NOT U U I I I I E D  MICROSCDPICALLY 
X I  TWIOR IWCIDEHCE 
N: WECROCSY, W0 AUTOLYSIB, W0 MICROBCOPIC EXAMIWATION M: 88 ANIMAL NO NECROPSY M I S S I N O  PERFORMED 

M U L T I P L E  OROAHS NOS 
IIEMAHGIOSARCOMA 
MALIGNANT LYMPHOMA, HOS 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIG.LYMPH0NA. H I S T I O C Y T I C  TYPE 
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N N N N H ~ N N ~ N N H N N N N N N N N H ~ ~ N N  501 
X 

I 
X 2 

X I 
X X 
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TABLE 84. 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
STUDY OF CHLOROBENZENF 

' A N I M I L  
NUMBER 

WEEKS ON 
STUDY 

f R R G U M E N l A R Y  SYSTEM 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 
HEMANOIOSARCOMA 

SYSTEM 

LUNOS AN0 BRONCHI 
ALVEOLAR/ lRONCl i lOLAR ADENOMA 
ALVEOLAR/BRONCl i IOLAR CARCINOMA 

TRACHEA 

EM 

BONE MARROY 

SPLEEN 
HEMANGIOMA 
MAL10.LYMPHOMA, LYMPNOCYTIC TYPE 

LYMPH NODE¶ 

THYMUS 

MALIO.LYMPHOMA, LYMPHOCYTIC TYPE 

EM 

HEART 

EM 

S A L I V A R Y  OLANO 

L I V E R  
NEPAIOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
KUPFFER-CELL SARCOMA 

B I L E  DUCT 

GALLBLADDER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAOU¶ 

STOMACH 

SMALL I n T E s T I n E  

LAROE I N T E S T I N E  

M 

K I D N E Y  

U R I N A R Y  BLADDER 

C I T U I T A R Y  

ADRENAL 

THYROID 

PARATHYROIO 

ADENOMA, NOS 

ADENOMA, NOS 

F O L L I C U L A R - C E L L  ADENOMA 

EM 

MAMMARY OLAND 
AOENOCARCINOMAr NOS 

UTERUS 
C A R C I N O M A ~ N O S  
LEIOMYOSARCDMA 
ENODMEIRIAL STROMAL POLVP 

O V A R Y  
TERATOMA. nos 
H E M I N O I O ¶ A R C O ~ I  

B R A I N  

PERITONEUM 
MESOTHELIOMA, NOS 

+ ;  + + + + + + , +  + + + + + + + + + + + * + + + +I 

- + + - + + - - - - + - + + + - + + + + * + - - - I  

Chlorobenzene 

+ I  T I S S U E  EXAMIt lED M I C R O S C O P I C I L L Y  I NO T I S S U E  I N F O R M A T I O N  SUDMITTEO 
- 1  REQUIRED T I S S U E  NOT EXAMINED MICROSCOPICALLY C: NECROPSY, NO NISTOLOGY DUE TO PROTOCOL 
X I  TUMOR I N C I D E N C E  A8 A U T O L Y I I S  
H i  NECROPSY, NO AUTOLYSIS,  NO MICROSCOPIC E X A M I N A T I O N  MI ANIMAL M I S S I N O  
9 1  ANIMAL M I S - S E X E D  B r  NO HECROPSY PERFORMED 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

X 
X 

t t t t t t - t t + - t + t t t t t + t t t + t t  
X 

................................... 
ANIMAL 
NUMBER 

STUDY 
a m  on 

EGUMENTARY SYST EM 

. f  
k3 

1 

SUBCUTANEOUS T I S S U E  
SARCOMA. NOS 
HEMANOIOSARCOMA 

~~ 

+ + t t t * t t + t t t * t t ~ t t + * t + + t t  

N N N N N N ~ ~ N ~ N N N ~ ~ ~ ~ ~ H ~ N ~ N N ~  

n n n n n n ~ n n n H n n n n n n ~ n n H n n H N  

X X X X 
X 

X 
X 

m R A T O R Y  SYSTEM 

5 0  

son 

5 0 1  
1 
I 
6 1 
1 

LUNGS AND BRONCHI 
ALVEOLAR/BRONCHIOLAR ADEN081 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

TRACHEA 

C SYSTEM 

B o n e  MARROW 

SPLEEN 
NEMANGIOMA 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 

LYMPH MODES 

THYMUS 

MALIG.LYMPHOMA. LYMPHOCYTIC TYPE 

HEART 

SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
KUPFFER-CELL SARCOMA 

B I L E  DUCT 

OALLBLADDER a cornon BILE DUCT 

PANCREAS 

ESOPHAOUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

SYSTEM 

K I D N E Y  

URINARY BLADDER 

SYSTEM 

P I T U I T A R Y  

ADRENAL 

TWYROIO 

PARATHYROID 

ADENOMA, nos 

ADENOMA, NOS 

FOLL ICULAR-CELL  ADENOMA 

M A M A R Y  WAND 
ADENOCARCINOMA, NOS 

UTERUS 
CARCIHOMA.NOS 
LEIOMYOSARCOMA 
ENDOMETRIAL STRDMAL POLYP 

OVARY 
TERATOIM, NOS 
HEMANGIOSARCOMA 

STEM 

B R A I N  

PERITONEUM 
MESOTHELIOMA, NOS 

*n OTHER SYSTEMS 

* + t + + t + - t + t t + - t + t t * t * + t + - ~  4 5  I 
+ + * t t + t * + t t + t t t t t + t * t ~ + t t  

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

+ t + + t * + - t + - t t t t + t * + - . - * * *  I I  

t t t + t + * t * t t t t t t * t * t t * * * * *  50 

X 

+ t + t + t t t t t t t t t t t + + t + t t t t (  5 o a l  

I NO T I S S U E  I N f O R M A T I O N  S U B M l l l E D  
ANIMALS NECROPSIED 

CI NECROPSY, NO HISTOLOGY DUE T O  PROIOCOL 
h i  AUTOLYSIS  

DI H0 NECROPSY PERFORMED 

48 IISSUC EXAMINED MICROSCOPICALLY 
-I RCPUIRED T I S S U E  W01 U U I I M E D  MICROSCOPICALLY 
X I  l W R  JWCIDEMCE 
W I  WCCROPSYn WD A U T O t Y 8 I S ,  MO MICROSCOPIC E X A N I N A T I O N  M l  IMIMLL M I S S I H Q  
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TABLE 84. 

LYMPH NODES 

TMYMUS 

m m ) L A T O R Y  SYSTEM 

HEART 

m V E  SYSTEM 

ORAL C A V I T Y  

S A L I V A R Y  OLAND 

SPUAMOUS CELL  CARCINOMA 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
STUDYOFCHLOROBENZENE 

- + - + + + . - + - + + + I - * * + - - + + - - +  

+ + + * + * + + + * * + - - + * - * + + ~ - - + -  

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

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

+ + , * + * + + + + + + + + + + - + * + + + + + +  

HIGH DOSE 

K I D N E Y  

URINARY BLADDER 

E N  

CARCINOMA.NOS 
ADENOMA, NOS 

P I T U I 1  ARY 

UEEKS ON 
STUDY 

ARY SYSTEM 

* * + + + + + + + + + * + + , + + + + + * ( * ' *  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ * + - + - * * * , * * + - - , * * + - + + + + +  
X 

SUBCUTANEOUS T I S S U E  
SARCOflA, NOS 
NEUROFIBROSARCOMA 

E N  

V X  X 

LUNOS AND BRONCHI 
ALVEOLAR/BROHCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
NEUROFIBROSARCOMA, METASTATIC  

I 

TRACHEA 

T W  

BONE NARROU 

M U L T I P L E  ORQANS NOS 
SARCOMA, NOS, METASTATIC  
HEMANQIOSARCOMA 
MALIO.LYMPHOflA, UNDIFFER-TYPE 
MALIO.LYflPHOMA, LYMPHOCYTIC TYPE 
flALIO.LYMPHOMA, H I S T I O C Y T I C  TY?E 

SPLEEN 
N A L I Q . L Y N P H 0 M A ~  LYMPHOCYTIC TYPE 
MALIO.LYNPNOMA, H I S T I O C Y T I C  TYPE 

N 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 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

QALLBLADDER 8 COPPlON B I L E  DUCT 

PANCREAS 

ESOPHAOUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

MAST-CELL SARCOMA 

SARCOMA, NOS, I N V A S I V E  

EM 

X * I + * * * + , , + * , , * * + * + + * * + + + + + +  

ADRENAL 

THYROID 

?ARATHYROID 

PANCREATIC I S L E T S  

EM 

FOLL ICULAR-CELL  ADENOflA 

I S L E T - C E L L  ADENOMA 

IlAMNARY OLAND 
ADENOCARCIWOMA~ NOS 

OCARCINOMA, NOS 
M E T R I A L  STROMAL POLYP 

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

Chlorobenzene 112 



TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 
NEUROFIBROSARCOMA 

+ + + + + + + + + + ~ + + + N I H + + + + + + + +  ~ o r  
X 1 

X X I 

LUWOS AN0 BROnCHI  . . . . . . . . . . . . . . . . . . . . . . . . .  
AlVEOLARfBRONCHIOLAR ADENOMA X 
ALVEOLARfBRO~CHIOLAR CARCINOMA x ,  

.LYMPHOMA L y n P n o c y T i c  TYPE 

.LYmPnonA: H I S T I O C Y T I C  TYPE 

5s 
3 

ORAL C A V I T Y  

S A L I V A R Y  OLANO 

L I V E R  

SPUAMOUS CELL CARCINOMA 

HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

OALLBLAOOER k common BILE DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LAROE I N T E S T I N E  

MAST-CELL SARCOMA 

SARCOMA, NOS, I N V A S I V E  

M U L T I P L E  OROANS NOS 
SARCOMA NOS, METASTATXC 
NEflANO16IARCOM4 
MALIO.LYMCHOMA~ UNOI?CER-TYPE 
MALIO.LYMPHOMA, LYMPHOCYTIC TYPE 
MALIO.LYMPHOMA, N I S T I O C Y T I C  TYPE 

PARATHYROID 

MAMMARY OLANO 

UTERUS 

ADIWOCARCIHOIIA, NOS 

A D E N O C A R C I ~ O M A ~  NOS 
EMDOMElRIAL STROMAL POLYP 

HEMAWOIOMA 
OVARY 

n n n n ~ n n w n n n n n n n n n n n n ~ n ~ n ~  IO* 
X I 

t 
4 

L 

X 

t no ixsauc I w t o R m d T x o n  a u B i i r i c o  
01 neciorrr, NO N i s r o L o o Y  DUI i o  m i o c o t  

" AN1"At? N M W ! ~ ~ ~ ~ ~ ~  MICROSCOPXCALLY 

A I  A U I O L Y S I S  
M I  A N I I I A L  H I S S I N O  
II NO NECROPSY PERPORMED 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN RATS ADMINISTERED CHLOROBENZENE IN] 

CORN OIL BY GAVAGE 
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TABLE C l .  

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAGE 

HIGH DOSE LOW DOSE 

INTEGUMENTARY SYSTEM 

* S K I N  ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
HYPERPLASIA ,  FOCAL 1 (2%) 

RESPIRATORY SYSTEM 

#TRACHEA 
INFLAMMATION, ACUTE/CHRONIC 

#LUNG/BRONCHIOL E 
ECTOPIA 
CYST, NOS 

#LUNG 
ASPIRATION,  FOREIGN BODY 
CONGESTION, NOS 
EDEMA, NOS 

INFLAMMATION,  I N T E R S T I T I A L  
HEMORRHAGE 

PNEUMONIA. A S P I R A T I O N  
INFLAMMATION, ACUTE/CHROtlIC 
I N F L  AMPlA T I ON t GR ANU L O M  AT OU 
HYPERPLASIA ,  ALVEOLAR E P I T H E L I U M  

FOCAL 

#LUNG/AL V EO L I 
HEMORRHAGE 

( 5 0 )  ( 5 0 )  ( 4 9 )  ( 4 8 )  

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  

1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

( 5 0  1 ( 5 0 )  ( 5 0 )  ( 5 0 )  
4 ( 8 % )  15 ( 3 0 % )  10  ( 2 0 % )  

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

7 ( 1 4 % )  2 
II 

2 ( 4 % )  2 

1 
( 2 % )  
( 2 % )  

2 
( 2 % )  
( 4 % )  9 
( 2 2 %  1 4 
( 4 % )  3 

( 5 0 )  ( 5 0  
1 ( 2 % )  

( 5 0  
1 

( 4 % )  

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

HEMATOPOIETIC  SYSTEM 

#BONE MARROW ( 4 8 )  ( 4 9 )  ( 4 7 )  ( 4 7 )  
MY EL OFIBROS I S  1 (2%) 

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY ,* NUMBER OF ANIMALS NECROPSIED 
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TABLE Cl. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

HYPERPLASIA ,  GRANULOCYTIC 

HYPOPLASIA ,  HEMATOPOIETIC  
HYPOPLASIA ,  ERYTHROID 

HYP ERP L AS I A > R ET I CUL UP1 CEL L 

#SPLEEN 
F I B R O S I S t  FOCAL 
NECROSIS,  FOCAL 
LYMPHOID DEPLETION 

# S P L E N I C  CAPSULE 
HYPERPLASIA,  MESOTHELIAL  

# S P L E N I C  RED PULP 
CONGESTION, NOS 

HEMATOPOIESIS  
P I GME NT A T I ON p NOS 

#MANDIBULAR L .  NODE 
CYST, NOS 
CONOESTION, NOS 
INFLAMMATION,  ACUTE/CHROWIC 
INFLAMMATIONt  FOCAL GRANUL014ATOU 
LYNPHOID DEPLETION 
A N G I E C T A S I S  
PLASMACYTOSIS 
ERYTHROPHAGOCYTOSIS 

HEMATOPOIESIS  
HYPERPLASIA ,  LYMPHOID 

#MESENTERIC L .  NODE 
CONGESTION, NOS 
INFLAMMATION,  MULTIFOCAL 
INFLAMMATION,  ACUTE/CHRONIC 
INFLAMIPATION, CHRONIC FOCAL 

LYMPHOID D E P L E T I O N  
INFLAr l k lAT ION,  FOCAL GRANULOPlATOU 

6 ( 1 3 % )  
1 ( 2 % )  

1 ( 2 % )  

( 4 8 )  

1 ( 2 % )  
1 ( 2 X )  

( 4 8 )  

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

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

( 5 0 )  

3 ( 6 % )  

1 ( 2 % )  
( 5 0 )  

( 5 0 )  

1 ( 2 % )  

3 ( 6 % )  
1 ( 2 % )  

( 4 9 )  

( 4 9 )  

2% ) 

6%)  

1 (2%) 1 ( 2 % )  

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

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

2 ( 5 % )  
1 ( 2 % )  

1 ( 2 % )  

3 ( 8 % )  

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

1 ( 2 % )  
1 ( 2 % )  

2 ( 5 % )  

1 ( 3 % )  

( 4 3 )  ( 3 7 )  

2 ( 5 % )  
1 ( 2 % )  

1 ( 3 % )  

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

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

1 ( 2 % )  

#GASTRIC FUNDUS ( 4 8 )  ( 5 0 )  ( 4 9 )  ( 4 8 )  
HYPFRPLASIA ,  LYMPHOID I (2%)  

# NUMBER OF ANIPIALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
W NUMBER OF ANIMALS NECROPSIED 
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#COLON 

#THYMUS 

HYPERPLASIA,  LYMPHOID 

EIIBRYONAL DUCT CYST 
HEMORRHAGE 

( 4 8 )  ( 4 8 )  ( 4 8 )  

( 4 3 )  

#MANDIBULAR L .  NODE 
LYMPHANGIECTASIS 

( 3 8 )  

#LUNG ( 5 0 )  ( 5 0 )  
P E R I V A S C U L I T I S  1 ( 2 X )  

#HEART/ATRIUM 

#LEFT ATRIUM 

#MYOCARDIUM 

THROMBOSIS, NOS 

THROMBOSIS, NOS 

INFLAMMATION, QRANULOMATOUS 
DEGENERATION, NOS 

*PULMONARY ARTERY 
M I N E R A L I Z A T I O N  

*CAROTID ARTERY 
P E R I A R T E R I T I S  

*PULMONARY V E I N  
THROMBUS, MURAL 

#HEPATIC S I N U S O I D  
CONGESTION, NOS 

(50 )  
2 ( 4 X )  

(50 )  

(50)  (50 )  

( 5 0 )  

( 5 0 )  

( 4 3 )  ( 3 7 )  

( 5 0 )  

( 5 0 )  (50 )  

(50)  

7 2 %  

2 x  1 

#PANCREAS (4a) 0 0 )  (48) t 4 8 )  IS 1 ( 2 % )  

NUMBER OF ANIMALS M I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HlOH DOSE 

D I GES T I V E SYSTEM 

*UPPER L I P  
INFLAMFIATION, FOCAL GRANULOMATOU 

# S A L I V A R Y  GLAND 
D I L A T A T I O N / D U C T S  
ATROPHY, FOCAL 

# L I V E R  
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, FOCAL GRANULOMATOU 
ADHESION, F IBROUS 
DEGENERATION, NOS 
DEGENERATION, C Y S T I C  
L I P O I D O S I S  
CYTOPLASMIC VACUOLIZATION 
B A S O P H I L I C  CYTO CHANGE 
E O S I N O P H I L I C  C Y 1 0  CHANGE 
CLEAR-CELL CHANGE 

#L IVER/CENTRILOBULAR 

DEGENERATION. NOS 
CONGESTION, NOS 

.. 
HECROSIS,  -NOS 
NECROSIS,  FOCAL 
CYTOPLASMIC V A C U O L I Z A T I O N  

# L I V E R / P E R I P O R T A L  
METAMORPHOSIS FATTY 
CYTOPLASMIC V A C U O L I Z A T I O N  

#LIVER/HEPATOCYTES 
DEGEII ERA1 I ON t NOS 

# B I L E  DUCT 
HYPERPLASIA ,  NOS 
HYPERPLASIA  8 FOCAL 

, @PANCREAS 
D I L A T A T I O N / D U C T S  
NECROSIS, FAT 
HYPERPLASIA ,  MESOTHELIAL  

(50 )  

( 4 9 )  

1 ( 2 % )  

1 ( 2 % )  

1 ( 2 % )  
9 ( 1 8 % )  

5 ( 1 0 % )  

1 ( 2 % )  
2 5  ( 5 0 % )  

4 ( 8 % )  
2 ( 4 % )  

( 5 0 )  

( 5 0 )  

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

( 5 0 )  

( 5 0 )  
1 (2%)  

2 ( 4 % )  
47 ( 9 4 % )  

( 5 0 )  

( 4 8 )  

1 ( 2 % )  

( 5 0 )  

( 5 0 )  
2 ( 4 % )  
1 ( 2 % )  

( 5 0 )  

9 ( 1 8 % )  
1 ( 2 % )  

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

2 7  ( 5 4 % )  
1 ( 2 % )  
5 ( 1 0 % )  

( 5 0 )  

1 (2%) 

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 4 9 )  

( 4 9 )  

3 (6%)  

5 ( 1 0 %  

6 ( 1 2 %  
2 ( 4 % )  

( 4 9 )  
1 ( 2 % )  

1 (2%) 

( 4 8 )  ( 5 0 )  #PANCREATIC DUCT ( 4 8 )  
HYPERTROPHY 9 NOS 1 ( 2 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
:W NUMBER OF ANIMALS NECROPSIED 
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#PANCREATIC ACINUS 
ATROPHY t FOCAL 
ATROPHY, D I F F U S E  

#ESOPHAGUS 
PENETRATING WOUND e 

D I L A T A T I O N ,  NOS 
INFLAMMATION, ACUTE/CHRONIC 

#ESOPHAOEAL MUCOUS ME 
HERNIA,  NOS 

#PERIESOPHAGEAL T I S S U  
INFLAMMATION, ACUTE D I F F U S E  

(GASTRIC MUCOSA 

#GASTRIC CARDIAC GLAN 

INFLAMMATION, ACUTEICHRONIC 

ULCER, FOCAL 
ULCER, CHRONIC 
DYSPLASIA ,  NOS 

#GASTRIC SUBMUCOSA 

#CARDIAC STOMACH 

EDEMA, NOS 

EPIDERMAL I N C L U S I O N  CYST 
INFLAMMATION, ACUTEICHRONIC 
ULCER, CHRONIC 
HYPERPLASIA,  E P I T H E L I A L  
HYPERKERATOSIS 
ACANTHOSIS 
DYSPLASIA ,  NOS 

W A S T R I C  FUNDUS 
' ULCER, FOCAL 

( 4 8 )  
20 ( 4 2 % )  

( 5 0 )  

( 4 8 )  

( 5 0 )  
10 (20%) 

1 (2%) 

( 5 0 )  

( 5 0 )  I 

1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  
1 (2%) 
1 (2%)  

1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 4 8 )  
9 ( 1 9 % )  

( 5 0 )  
1 ( 2 % )  

1 (2%) 

( 5 0 )  

( 5 0 )  

( 4 8 )  

#DUODENAL MUCOSA ( 4 6 )  (50 )  , 
HYPERPLASIA.  FOCAL 4) 

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
W NUMBER OF ANIMALS NECROPSIED 

Chlorobenzene 1 20 



UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

#DUODENAL SUBMUCOSA ( 4 6 )  ( 5 0 )  ( 4 7 )  ( 4 6 )  
INFLAMMATION,  ACUTE/CHRONIC 1 (2%) 

(JEJUNUM ( 4 6 )  
EMBRYONAL REST 

( 5 0 )  ( 4 7 )  ( 4 6 )  
1 (2%) 

#COLON ( 4 8 )  ( 4 8 1  ( 4 8 )  ( 4 7 )  
NEMATODIASIS 2 ( 4 % )  
P A R A S I T I S M  2 ( 4 % )  2 ( 4 % )  2 ( 4 % )  

#KIDNEY 
M I N E R A L I Z A T I O N  
HYDRONEPHROSIS 

NEPHROPATHY 
CONGESTION, P A S S I V E  

#KIDNEY/CORTEX 
M I N E R A L I Z A T I O N  

M U L T I P L E  CYSTS 
NEPHROPATHY 

1 K I D N E Y I T U D U L E  

CYST, NOS 

ECTOPIA 
M I N E R A L I Z A T I O N  
PIGMENTATION,  NOS 

( 5 0 )  ( 5 0 )  
1 (2%) 

46 (92%) 42  ( 8 4 % )  

( 5 0 )  

49) 

1 (2%) 
4 4  (90%) 

( 5 0 )  ( 4 9 )  (50 )  
1 (2%) 

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

( 5 0 )  ( 5 0 )  
1 (2%) 

2 ( 4 % )  

( 4 9 )  ( 5 0 )  

I (2%) 
3 ( 6 % )  

U K I D N E Y I P E L V I S  ( 5 0 )  ( 5 0 )  ( 4 9 )  ( 5 0 )  
INFLAMMATION, ACUTEICHRONIC 1 (2%) 
HYPERPLASIA,  E P I T H E L I A L  1 (2%) 1 (2%) 

I N F L A W I A T I O N  A C T I V E  CHRONIC 1 ( 2 % )  

I N F L ANNAT I O  N, C HRO N I C 1 (2%) 
HYPERPLASIA,  E P I T H E L I A L  1 (2%) 

#URINARY BLADDER ( 4 8 )  ( 4 8 )  ( 4 6 )  ( 4 5 )  

. INFLAMMATION, ACUTE/CHRONIC 1 ( 2 % )  

-------------------------------------------------------------------------------------------------. 
ENDOCRINE SYSTEM 

# P I T U I T A R Y  ( 4 9 )  ( 5 0 )  ( 4 2 )  ( 4 7 )  
BRYONAL DUCT C YST 1 (2%) 

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 

121 Chlorobenzene 



TABLE C l .  MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

HEMORRHAGE 1 ( 2 % )  
HYPERPLASIA,  FOCAL 6 ( 1 2 % )  1 ( 2 % )  3 ( 7 % )  4 ( 9 % )  

#ANTERIOR P I T U I T A R Y  
EMBRYONAL DUCT CYST 

( 4 9 )  

( P I T U I T A R Y  CELL  
HYPERTROPHY, FOCAL 

#ADRENAL CORTEX 

DEGENERATION, NOS 
L I P O I D O S I S  

#ZONA FASCICULATA 

L I P O I D O S I S  

#ADRENAL MEDULLA 

CONGESTION, NOS 

NECROSIS, FOCAL 

HYPERPLASIA,  FOCAL 

CYST, NOS 
HYPERPLASIA,  FOCAL 

( 4 9 )  

( 5 0 )  ( 4 2 )  ( 4 7 )  
1 ( 2 % )  2 ( 4 % )  

1 (2%) 
1 ( 2 % )  

1 ( 2 % )  

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

( 5 0 )  ( 4 2 )  

( 4 9 )  ( 4 9 )  ( 4 9  
1 ( 2 % )  

1 ( 2 % )  2 ( 4 % )  4 

( 4 9 )  ( 4 9 )  ( 4 9  
1 

1 
2 ( 4 % )  

( 4 7  1 
1 (2%) 

( 4 9 )  

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

( 2 % )  

( 2 % )  

( 4 9 )  

( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  
1 ( 2 % )  

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

#THYROID ( 4 9 )  ( 5 0 )  ( 4 9 )  ( 4 3 )  
EMBRYONAL DUCT CYST 1 ( 2 % )  1 ( 2 % )  
FOLLICULAR CYST, NOS 1 (2%) 1 ( 2 % )  6 ( 1 2 % )  
HYPERPLASIA ,  C-CELL 2 1  ( 4 3 % )  2 1  ( 4 2 % )  2 0  ( 4 1 % )  2 2  ( 5 1 % )  
HYPERPLASIA,  FOLL ICULAR-CELL  1 ( 2 % )  

#THYROID 
HYPERP 

FOL L I C 1  E 
' L A S I A P  C Y S T I C  

(PARATHYROID 
HYPERPLASIA,  NOS 
HYPERPLASIA,  FOCAL 

( 4 9 )  ( 4 3 )  

( 4 1 )  ( 3 9 )  ( 4 1 )  ( 4 0 )  
2 ( 5 % )  ! ( 3 % )  1 ( 2 % )  
3 ( 7 % )  1 ( 2 % )  

REPRODUCTIVE SYSTEM 

WIAMMARY GLAND ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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M U L T I P L E  CYSTS 
C Y S T I C  DUCTS 
HEMORRHAGE 
HYPERPLASIA,  C Y S T I C  

*MAMMARY ACINUS 
HYPERPLASIA,  NOS 
HYPERPLASIA,  FOCAL 
HYPERPLASIA,  C Y S T I C  

HPREPUTIAL  QLAND 
INFLAMMATION, CHRONIC FOCAL 
INFLAMMATION, CHRONIC D I F F U S E  

#PROSTATE 
INFLAMMATION, ACUTE D I F F U S E  
INFLAMMATION, ACUTE/CHRONIC 
ATROPHY , FOCAL 

HSEMINAL V E S I C L E  
INFLAMMATION, CHRONIC FOCAL 
DEGENERATION, NOS 

# T E S T I S  . . - - . - - 
M I N E R A L I Z A T I O N  
HEMORRHAGIC CYST 
INFLAMMATION, FOCAL GRANULOMATOU 
DEGENERATION, NOS 
ATROPHY. NOS 

. . - - . - - 
M I N E R A L I Z A T I O N  
HEMORRHAGIC CYST 
INFLAMMATION, FOCAL GRANULOMATOU 
DEGENERATION, NOS 
ATROPHY. NOS 
HYPERPLASIA; INTERSTITIAL CELL 

#TESTIS /TUBULE 
M I N E R A L I Z A T I O N  
DEGENERATION. NOS - - . -. . - . . . . - - . . . . - - 
ATROPHY, FOCAL 
ATROPHY, D I F F U S E  

I ( 2 % )  
1 ( O X )  

2 ( 4 x 1  

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

2 

( S O )  ( 4 9 )  
1 ( 2 x 1  

( 5 0 )  

, #BRAIN/MENINGES 
M I N E R A L I Z A T I O N  
HEMATOMA, ORGANIZED 

( 5 0 )  ( 5 0 )  

#CEREBRUM (50 )  ( 5 0 )  ( 5 0 )  
MINER A L I Z A T I O N  1 ( 2 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
,* NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
LOW DOSE HIGH DOSE CONTROL CONTROL 

HEMORRHAGE 1 (2%) 
ATROPHY, PRESSURE 1 ( 2 % )  1 ( 2 % )  

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

( B R A I N  
H EROR RH AG E 
NECROSIS.  HEMORRHAGIC 

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  

( 5 0 )  

#MEDULLA OBLONGATA ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
HEMORRHAGE 1 (2%)  .................................................................................................. 

S P E C I A L  SENSE ORGANS 

MEYE ANTERIOR CHAMBER 
HEMORRHAGE 

MEYE POSTERIOR CHAMBE 
HEMORRHAGE 

MEYE/CORHEA 
DEGENERATIONt NOS 

HEY E/ I R I S  
INFLAMPIATION, ACUTE/CHRONIC 

*EYE/RETINA 
DEGENERATIONI NOS 
ATROPHY, NOS 
ATROPHY FOCAL 
ATROPHY, D I F F U S E  

MEYE/CRYSTALLINE LENS 
CATARACT 

( 5 0 )  
1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

1 ( 2 % )  

1 ( 2 % )  

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

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

1 ( 2 % )  

5 ( 1 0 %  

( 5 0 )  ( 5 0 )  

( 5 0 )  ( 5 0 )  

( 5 0 )  ( 5 0 )  

( 5 0 )  ( 5 0 )  

1 ( 2 % )  2 ( 4 % )  

MUSCULOSKELETAL SYSTEM 

MCARTILAGEtNOS ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
ECTOPIA  1 (2%) 

W I E D I A S T I N U M  ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  . 4 E 

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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* M U L T I P L E  ORGANS 
H I  MER AL I 2  A T  I O N  
DEGEN ERA T I 0 tt N OS 

( 5 0 )  ( 5 0 )  (50) 
1 ( 2 % )  

1 ( 2 % )  

( 5 0 )  

S P E C I A L  MORPHOLOGY SUMMARY 
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TABLE C2. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS I N  FEMALE RATS ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAOE 

Hl6H DOSE LOW DOSE 

INTEQUMENTARY SYSTEM 

M S K I N  ( 4 9 )  
HYPERKERATOSIS 

( 9 0 )  

( 5 0 )  ( 5 0 )  (50)  
1 (2%)  

1 ( 2 % )  1 (2%) 

RESPIRATORY SYSTEM 

#TRACHEA ( 4 7 )  
INFLAMMATION,  ACUTE/CHRONIC 
HYPERPLASIA,  E P I T H E L I A L  

#TRACHEAL SUBMUCOSA ( 4 7 )  
INFLAMMATION, ACUTE/CHRONIC 

( 4 9 )  ( 4 9 )  ( 4 9 )  
1 ( 2 % )  

#LUNG ( 9 9 )  ( 4 9 )  (SO)  ( 5 0 )  
A S P I R A T I O N ,  FOREIGN BODY 5 ( 1 0 % )  9 ( 1 8 % )  
CONGESTION, NOS 1 ( 2 % )  
EDEMA, NOS 1 (2%) 
HEMORRHAGE 1 (2%) 
I N F L A t M A T I O N ,  I N T E R S T I T I A L  1 (2%) 
PNEUMONIA, A S P I R A T I O N  1 (2%) 
LOBAR PNEUMONIA, ACUTE 1 (2%) 
INFLAMMATION, ACUTE FOCAL 2 ( 4 % )  1 (2%) 
INFLAMMATION,  ACUTE D I F F U S E  1 (2%) 
INFLAPII IATION, ACUTE/CHROHIC 2 (4%) 1 ( 2 % )  7 ( 1 6 % )  1 1  (22%)  
PNEUMONIA I N T E R S T I T I A L  CHRONIC 1 ( 2 % )  
I N F L AMMA T I 0 N, GR A N U L 011 AT 0 U S 
GRANULOMA , NOS 1 (2%)  1 (2%) 
I N F L APlMA T I O  N , FOCAL GR A NU L OVA T 0 U 14 ( 2 9 % )  
HYPER P L A S I A ,  AL VFOLAR € P I  T H E L I U M  1 ( 2 % )  1 ( 2 % )  1 ( 2 % )  

1 ( 2 % )  

2 ( 4 % )  8 (16%)  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

H EM ATOP01  ET I C  SYSTEM 

#BONE MARROW 
HYPERPLASIA ,  HEMATOPOIETIC  
HYPERPLASIA .  GRANULOCYTIC 
HYPERPLASIA ,  E O S I N O P H I L J C  
HYPERPLASIA,  RETICULUM CELL  
HYPOPLASIA ,  HEMATOPOIETIC  

#SPLEEN 
I N F L AMMA T I 0 N , 
HYPERPLASIA ,  RETICULUFl  CELL  

F 0 C A L GRANULOMA T OU 
LYMPHOID DEPLETION 

# S P L E N I C  RED PULP 
PIGMENTATION, NOS 
HEMATOPOIESIS  

#MANDIBULAR L .  NODE 
CONGESTION, NOS 
INFLAPlMATION, FOCAL GRANULOMATOU 
P I GMENT A T I ON. NOS 
HISTIOCYTOSIS 
PLASMACYTOSIS 
HYPERPLASIA ,  RETICULUM CELL  
HYPERPLASIA ,  LYMPHOID 

#LYMPH NODE OF THORAX 
CONGESTION, NOS 
HEMORRHAGE 

LYMPHOID DEPLETION 
INFLAMVATION,  FOCAL GRANULOMATOU 

HYPERPLASIA,  RETICULUM CELL  

#PANCREATIC L.NODE 
INFLAMI IAT ION,  FOCAL GRANULOMATOU 

#MESENTERIC L .  NODE 
INFLAMMATION,  MULTIFOCAL 
I N F L AMP1 A T I 0 N t FOC A L 
HYPERPLASIA ,  RETICULUM CELL  

C H R 0 N I C  

1 

1 

( 4 7  

( 4 7  

1 
1 

( 4 8 )  
1 ( 2 % )  

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

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

14 ( 2 9 % )  

( 4 9 )  

(Q9) 

( 4 7 )  
1 1  ( 2 3 % )  

I ( 2 % )  

1 (2%)  

( 4 7 )  

( 2 % )  

( 2 % )  

( 2 % )  
( 2 % )  

( 4 7 )  

( 4 9 )  

2 ( 4 % )  

( 5 0 )  

( 5 0 )  
1 ( 2 % )  

( 4 0 )  
2 ( 5 % )  
1 ( 3 % )  

1 (3%) 

I (3%)  

( 4 0 )  

1 ( 3 % )  

1 ( 3 % )  

( 4 0 )  

( 4 0 )  

1 ( 3 % )  

1 ( 3 % )  

( 5 0 )  

2 ( 4 % )  

6 ( 1 2 % )  

( S O )  
1 (2%)  

( 5 0 )  
1 ( 2 % )  
1 (2%)  

( 4 0 )  

1 ( 3 % )  

1 ( 3 % )  

( 4 0 )  

#RENAL LYMPH NODE 
I N F L AMMA T I 0 N t ACUTE 1 ( 2 % )  

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) .................................................................................................. 
UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE .................................................................................................. 

GRANULOMA, NOS 
INFLAMMATION> FOCAL GRANULOPIATOU 

*FEMUR ( 4 9 )  ( 5 0 )  
HYPERPLASIA,  RETICULUM CELL  

UPEYER'S PATCH 

UTHYMUS 

HYPERPLASIA ,  LYMPHOID 

HEMORRHAGE 
NECROSIS, NOS 
NECROSIS,  D I F F U S E  
LYMPHOID DEPLETION 

UTHYMIC CORTEX 
LYMPHOID D E P L E T I O N  

(48) 

( 4 6 )  

( 4 6 )  

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

( 4 5 )  
1 ( 2 % )  

( 4 6  1 
2 ( 4 % )  

( 4 8 )  

#PANCREATIC I S L E T S  ( 4 6 )  (50 )  (49) ( 4 9 )  
HYPERPLASIA ,  E O S I N O P H I L I C  1 ( 2 % )  ................................................................................................ 

CIRCULATORY SYSTEM 

-- 

XRIGHT ATRIUM 
EMBRYONAL REST 

( 5 0 )  ( 5 0 )  

#MYOCARDIUM ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
INFLAMMATION,  ACUTE/CHRONIC 1 ( 2 % )  
DEGENERATION, NOS 36 ( 7 3 % )  22 ( 4 4 % )  3 2  ( 6 4 % )  39 (78%) 

*CORONARY ARTERY ( 4 9 )  ( 5 0 )  
INFLAMMATION, CHRONIC FOCAL 1 (2%)  

( 5 0 )  ( 5 0 )  

D I G E S T I V E  SYSTEM 

WIUCOSA OF TONGUE 
' HYPERKERATOSIS 

ACANTHOSIS 

( 5 0 )  ( 5 0 )  

# L I V E R  ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  < I ) :  

Y NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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INFLAMMATION,  ACUTE/CHRONIC 
INFLAMMATION,  FOCAL GRANULOMATOU 
DEGENERATION, C Y S T I C  
NECROSIS,  FOCAL 
CYTOPLASMIC CHANGE, NOS 
CYTOPLASMIC V A C U O L I Z A T I O N  
B A S O P H I L I C  C Y 1 0  CHANGE 
FOCAL CELLULAR CHANGE 
E O S I N O P H I L I C  CYTO CHANGE 
CLEAR-CELL CHANGE 
A N Q I E C T A S I S  

#L IVER/CENTRILOBULAR 
CONGESTION, NOS 

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

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

1 ( 2 % )  
1 1  ( 2 2 % )  
2 ( 4 % )  
5 ( 1 0 % )  
2 (4%)  
1 ( 2 % )  

38  ( 7 8 % )  

1 ( 2 % )  
3 ( 6 % )  

2 7  (54% 

1 ( 2 % )  
1 ( 2 % )  

18 ( 3 6 %  10 ( 2 0 % )  
I ( 2 % )  

2 (4%) 
1 ( 2 % )  

( 5 0 )  ( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

1 ( 2 % )  

CONGESTIONt ACUTE 
CO NOES T I ON 9 PASS I V E 
DEGENERATION. NOS 

1 ( 2 % )  

2 ( 4 % )  
1 ( 2 % )  

NECROSIS,  FOCAL 

#L IVER/PERIPORTAL 
INFLAMI IAT ION,  ACUTE/CHRONIC 
CYTOPLASMIC V A C U O L I Z A T I O N  

# B I L E  DUCT 
HYPERPLASIA,  FOCAL 

1 ( 2 % )  

( 5 0 )  ( 4 9 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  
I 6  ( 3 2 % )  

#PANCREAS 
D I L A T A T I O N / D U C T S  

( 4 9 )  

#PANCREATIC DUCT 
M U L T I P L E  CYSTS 

( 5 0 )  ( 4 9 )  

#PANCREATIC ACINUS 
NUCLEAR ENLARGEMENT 
CYTOPlEGALY 
ATROPltY, FOCAL 
ATROPHY, D I F F U S E  

( 5 0 )  ( 4 9 )  
1 (2%) 
1 ( 2 % )  
5 ( 1 0 % )  

( 4 9 )  

9 (20::) 6 ( 1 2 % )  
1 ( 2 % )  

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

( 5 0 )  

5 ( 1 0 % )  

#ESOPHAGUS 
PENETRATING WOUND 
D I L A T A T I O N .  NOS 

( 4 9 )  ( 5 0 )  

1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  
' NECROSIS; FOCAL 

( 5 0 )  ( 5 0 )  ( 5 0 )  #ESOPHAGEAL MUCOUS ME ( 4 9 )  
NECROSISI  FOCAL 1 (2%) 

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

LOW DOSE HIGH DOSE 

#PERIESOPHAGEAL T I S S U  ( 4 9 )  ( 5 0 )  (50 )  
INFLAMMATION, ACUTE NECROTIZ ING 

INFLAMYATION, FOCAL GRANULOMATOU 
INFLAMMATION, ACUTE/CHRONIC 1 (2%) 1 ( 2 % )  

( 5 0 )  
1 (2%) 

1 ( 2 % )  

#GASTRIC MUCOSA 
NECROSIS, FOCAL 

#GASTRIC SUBMUCOSA 
EPIDERMAL I N C L U S I O N  CYST 

(CARDIAC STOMACH 
ULCER, FOCAL 

URINARY SYSTEM 

#K I DNEY ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

30 ( 6 0 % )  
INFLAMNATION, CHRONIC FOCAL 
NEPHROPATHY 30 ( 6 1 % )  7 ( 1 4 % )  18 ( 3 6 % )  
HYPERPLASIA,  TUBULAR CELL 1 (2%) 

#KIDHEY/CORTEX 
M U L T I P L E  CYSTS 

#KIDNEY/MEDULLA 
M I N E R A L I Z A T I O N  
CYST, NOS 

#KIDNEY/TUBUL E 
DEGENERATION, NOS 
PIGMENTATION, NOS 

( K 1  DNEY/P EL V I  S 
M I N E R A L I Z A T I O N  

( 4 9 )  ( 5 0 )  ( 5 0 )  

( 4 9 )  

ENDOCRINE SYSTEM 

# P I T U I T A R Y  ( 4 8 )  ( 4 6 )  ( 4 6 )  ( 4 3 )  
EMBRYONAL DUCT CYST 

:II NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

#ANTERIOR P I T U I T A R Y  
EWBRYONAL DUCT CYST 
CYST, NOS 
HEMORRIIAGIC CYST 

( 4 8 )  ( 4 6 )  ( 4 6 )  

1 ( 2 % )  
1 ( 2 % )  I 

HEMORRHAGE, CHRONIC * 
DEGENERATION, C Y S T I C  
CHOLESTEROL DEPOSIT  

#ADRENAL 
PIGMENTATION, NOS 

#ADRENAL CORTEX 
DEGENERATIOH, NOS 
NECROSIS.  FOCAL 
NECROSIS, DIFFUSE 
METAMORPHOSIS FATTY 
L I P O I D O S I S  
HYPERPLASIA ,  FOCAL 

#ZONA FASCICULATA 
CONGESTIOH, NOS 
NECROSIS.  FOCAL 

S 
. . - . . . - - - . 
L I P O I D O S I  
HYPERTROPHY, FOCAL 

#ZONA R E T I C U L A R I S  
NECROSIS, FOCAL 
NU C L EA R EN L A R G EM EN T 

#ADRENAL MEDULLA 

A N G I E C T A S I S  
HYPERPLASIA ,  FOCAL 

#THYROID 
EMBRYOHAL DUCT CYST 
FOLL ICULAR CYST, NOS 
ATROPHY, NOS 
HYPERPLASIA,  C-CELL 

1 ( 2 % )  1 ( 2 % )  

2 

1 
8 ( 1 6 % )  

( 4 9 )  ( 4 9  

1 

1 ( 2 % )  

( 4 9 )  ( 4 9  

( 4 9 )  

( 4 9 )  

( 4 % )  

( 4 3 )  
7 16%) 

2% 1 
1 2%) 

1 2%) 

( 4 9 )  

( 4 9 )  

3 ( 6 % )  
1 ( 2 % )  

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

( 2 % )  

( 4 9 )  ( 4 9 )  
1 ( 2 % )  
1 ( 2 % )  
2 ( 4 % )  

( 4 9 )  ( 4 9 )  
1 ( 2 % )  

1 ( 2 % )  

( 4 9 )  ( 4 9 )  ((19) ( 4 9 )  
3 ( 6 % )  4 ( 8 % )  2 ( 4 % )  2 ( 4 % )  

1 ( 2 % )  

( 4 9 )  ( 4 9 )  ( 4 9 )  ( 4 9 )  
1 ( 2 % )  
1 ( 2 % )  2 ( 4 % )  2 ( 4 % )  

1 ( 2 % )  
33 ( 6 7 % )  16 ( 3 3 % )  2 0  ( 4 1 % )  19 ( 3 9 % )  

#THYROID CAPSULE ( 4 9 )  
INFLAMMATION,  FOCAL GRANULOMATOU 

( 4 9 )  ( 4 9 )  ( 4 9 )  
1 ( 2 % )  

#PANCREATIC I S L E T S  ( 4 6 )  ( 5 0 )  ( 4 9 )  ( 4 9 )  
HYPERPLASIA ,  FOCAL 1 ( 2 % )  2 ( 4 % )  

li NUMBER OF ANIMALS CI ITH T I S S U E  EXAMINED MICROSCOPICALLY .* NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

*MAMMARY GLAND 
D I L A T A T I O N / D U C T S  

M U L T I P L E  CYSTS 
CYST, NOS 

*MAMMARY ACINUS 
D I L A T A T I O N ,  NOS 
HYPERPLASIA,  FOCAL 
HYPERPLASIA ,  C Y S T I C  

*CL ITORAL GLAND 

#UTERUS 

CYST, NOS 

D I L A T A T I O N ,  NOS 
HEMORRHAGE 

#CERVICAL MUCOUS MEMB 

1UTERUSIENDOMETRIUM 

HYPERPLASIA ,  FOCAL 

INFLAMMATION,  ACUTEICHRONIC 
F I B R O S I S ,  MULTIFOCAL 
F I B R O S I S ,  D I F F U S E  
HYPERPLASIA ,  FOCAL 
HYPERPLASIA,  C Y S T I C  

#ENDOMETRIAL GLAND 
CYST, NOS 
M U L T I P L E  CYSTS 

IOVARYIPAROVARIAN 
INFLAMMATION, GRANULOMATOUS 

#OVARY 
F O L L I C U L A R  CYST, NOS 
CORPUS LUTEUM CYST 

( 4 9 )  
1 (2%) 
2 ( 4 % )  

( 4 9 )  

1 (2%)  
26 ( 5 3 % )  

( 4 9 )  

( 4 9 )  

( 4 9 )  
1 ( 2 % )  

14 ( 2 9 % )  

( 4 9 )  

2 ( 4 % )  

( 4 9 )  

( 5 0  
16 
1 

( 5 0  
3 
3 
2 

( 5 0 )  
10 ( 2 0 % )  

I (2%) 

( 5 0 )  

10 ( 2 0 % )  

1 (2%) 

7 ( 1 4 % )  

( 5 0 )  

( 4 9 )  

( 4 9 )  

( 4 9 )  

' 3 (6%) 

1 ( 2 % )  
6 ( 1 2 % )  

1 ( 2 % )  

( 4 9 )  

1 ( 2 % )  

1 ( 2 % )  

3 (6%) 

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

( 4 9 )  

( 4 9 )  

C Y S T I C  DUCTS 
PAROVARIAN CYST 2 ( 4 % )  
HEMORRHAGIC CYST 
INFLAMMATION,  FOCAL GRANULOMATOU .- 
ATROPH Y, S E N I L E  5 ( 1 0 % )  2 ( 4 % )  

I) NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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LOW DOSE HIGH DOSE 

#MESOVARIUM 
NECROSIS, FAT 

( 4 9 )  ( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  

NERVOUS SYSTEM 

#LATERAL VENTRICLE 
HYDROCEPHALUS, NOS 

#CEREBRUM 
COMPRESS I ON 
HEMORRHAGE 
ATROPHY, PRESSURE 

# B R A I N  
HYDROCEPHALUS, NOS 
ATROPHY, PRESSURE 

#BRAIN/THALAMUS 
HEMORRHAGE 

( 4 9  

8 

( 4 9  

( 4 9 )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
2 ( 4 % )  
1 (2%)  

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

SPECIAL  SENSE ORGANS 

M EY E/RET I NA 
DEGENERATION> NOS 
ATROPHY, NOS 
ATROPHY, FOCAL 
ATROPHY, D I F F U S E  

MEYE/CRYSTALLINE LENS 
CATARACT 

( 4 9 )  ( 5 0 )  
3 ( 6 % )  1 
1 ( 2 % )  
1 ( 2 % )  
1 ( 2 % )  1 

( 4 9 )  ( 5 0 )  
3 ( 6 % )  1 

2%) 

2% 1 

2 % )  

50  1 ( 5 0 )  
3 ( 6 % )  3 ( 6 % )  

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

5 0 )  
2 ( 4 % )  

( 5 0 )  
2 ( 4 % )  

'MUSCULOSKELETAL SYSTEM 

*FEMUR ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
OSTEOSCL E ROSLS 1 (2%)  3 ( 6 % )  2 ( 4 % )  3 ( 6 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

BODY CAVITIES

"MEDIASTINUM
FOREIGN BODY,
EDEMA, NOS
INFLAMMATION,

XPLEURA
INFLAMMATION,

UNTREATED
CONTROL

(49)
NOS

ACUTE FOCAL

(49)
ACUTE

XMEDIASTINAL PLEURA (49)
INFLAMMATION,
INFLAMMATION,
INFLAMMATION,
INFLAMMATION,

"PERICARDIUM
INFLAMMATION,
INFLAMMATION,
INFLAMMATION,

XEPICARDIUM
INFLAMMATION,
INFLAMMATION,
INFLAMMATION,

XMESENTERY
INFLAMMATION,
INFLAMMATION,
NECROSIS, FAT

ALL OTHER SYSTEMS

"MULTIPLE ORGANS
MINERALIZATION

ACUTE
ACUTE DIFFUSE
ACUTE FIBRINOUS
ACUTE/CHRONIC

(49)
ACUTE
ACUTE DIFFUSE
ACUTE FIBRINOUS

(49)
ACUTE
ACUTE DIFFUSE
ACUTE FIBRINOUS

(49)
GRANULOMATOUS
FOCAL GRANULOMATOU 1 (2X)

1 (2X)

(49)

VEHICLE
CONTROL

(50)

1 (2%)

(50)
1 (2%)

(50)
4 (85O

1 (2X)
t (2%)

(50)
1 (230
1 (2%)
1 (2%)

(50)
1 (2X)
1 (2%)
1 (23O

(50)
1 (2%)

(50)

LOW DOSE

(50)

(50)

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

(50)

1 (2K)

(50)

1 (23)

(50)

(50)

HIGH DOSE

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

(50)

(50)

1 (2X)

(50)

(50)

(50)

3 (6%)

(50)
1 (2X)

SPECIAL MORPHOLOGY SUMMARY

NO LESION REPORTED
ANIMAL MISSING/NO NECROPSY

t NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
x NUMBER OF ANIMALS NECROPSIED
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 
LESIONS IN MICE ADMINISTERED CHLOROBENZENE IN 

CORN OIL BY GAVAGE 
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TABLE bl. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAGE 

INTEGUMENTARY SYSTEM 

MSKIN 
INFLAMMATION, ACUTE 
INFLAMMATION, ACUTE FOCAL 
INFLAMI IAT ION,  ACUTE D I F F U S E  
INFLAMMATION, ACUTE/CHRONIC 
EROSION 
F I B R O S I S ,  FOCAL 
F I B R O S I S ,  MULTIFOCAL 
P A R A S I T I S M  
HYPERPLASIA,  E P I T H E L I A L  

MSUBCUT T I S S U E  
ABSCESS, CHRONIC 
INFLAMMATION, FOCAL GRANULOMATOU 
F I B R O S I S ,  FOCAL 
NECROSIS, FOCAL 
NECROSIS, FAT 

1 ( 2 % )  1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

1 (2%)  

1 (2%) 

RESPIRATORY SYSTEM 

#LUNG/BRONCHIOLE 
HYPERPLASIA,  E P I T H E L I A L  

#LUNG 
ECTOPIA 
EDEMA. NOS 

( 5 0 )  

( 5 0 )  
1 ( 2 x 1  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  

( 6 9 )  

( 4 9 )  

( 4 9 )  
1 ( 2 % )  

( 4 9 )  

HEMORRHAGE I (2%) 
LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 (2%) 1 (2%) 
INFLAMMATIONt  ACUTE FOCAL 1 (2%) 
INFLAMMATION, ACUTE/CHRONIC 1 (2%)  2 (4%) 2 (4%) 
INFLAMMATION, FOCAL GRANULOMATOU 1 (2%) 1 (2%) 
INFLAMMATIONt  PYOGRANULOMATOUS 1 ( 2 % )  

U NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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HEMATOPOIETIC SYSTEM 

W I U L T I P L E  ORGANS 
HYPERPLASIA, LYMPHOID 

( S O )  ( 5 0 )  (50 )  ( 5 0 )  
1 (2%)  

#BONE MARROW ( 4 9 )  ( 4 8 )  ( 4 8 )  ( 4 1 )  
HYPERPLASIA, N E U T R O P H I L I C  1 (2%) 

#SPLEEN 
LYMPHOID D E P L E T I O N  

HEMATOPOIESIS 

# S P L E N I C  F O L L I C L E S  

HYPERPLASIA,  LYMPHOID 

~~~~ _ ~ .  
NECROSIS, NOS 
NECROSIS, FOCAL 

HYPERPLASIA,  LYMPHOID 
LYMPHOID DEPLETION 

# S P L E N I C  RED PULP ( 4 1 )  ( 4 9 )  ( 4 9 )  ( 4 7 )  

)LYMPH NODE ( 3 4 )  (32) (32) (31) 

HEMATOPOIESIS 2 ( 4 % )  1 (2%) 

NECROSIS, NOS 1 ( 3 % )  
)MANDIBULAR L .  NODE 

EDEMA, NOS 
HYPERPLASIA,  FOCAL . # M E D I A S T I N A L  L.NODE 
HYPERPLASIA,  LYMPHOID 

( 3 4 )  (32) 

(32) 

(32) 

#PANCREATIC L.NODE ( 3 4 )  (32) (32) (31) A i  RETICULUM CELL 1 ( 3 % )  
# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
W NUMBER OF ANIMALS NECROPSIED 

137 Chlorobenzene 



TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 
.................................................................................................. 

UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE 

#LUNG ( 5 0 )  ( 4 9 )  
LEUKOCYTOSIS, NOS 2 ( 4 % )  
HYPERPLASIA,  LYMPHOID 1 (2%) 

#THYMUS 
NECROSIS, NOS 
LYMPHOID DEPLETION 

#THYMIC MEDULLA 
HYPERPLASIA ,  E P I T H E L I A L  
HYPERPLASIA ,  LYMPHOID 

CIRCULATORY SYSTEM 

#MESENTERIC L .  NODE 
LYMPHANGIECTASIS 

#TRACHEA 
P E R I A R T E R I T I S  

( 3 4 )  

( 4 6 )  

(32) 

( 4 1 )  

(32) 

( 4 8 )  

#LUNG ( 5 0 )  ( 5 0 )  ( 4 9 )  
P E R I V A S C U L I T I S  1 (2%) 

#HEART ( 5 0 )  ( 5 0 )  ( 4 9 )  
ENDOCARDITIS,  BACTERIAL  1 ( 2 % )  
P E R I V A S C U L I T I S  1 (2%)  

#HEART/ATRIUM 

tHEART/VENTRICLE 

THROMBUS, MURAL 

' THROMBUS, ORGANIZED 
( 5 0 )  ( 5 0 )  ( 4 9 )  

( 4 9 )  

( 4 9 )  

( 4 9 )  
1 ( 2 % )  

#MYOCARDIUM ( 5 0 )  ( 5 0 )  ( 4 9 )  ( 4 9 )  
M I  N h g e U 7 A T  I ON 1 ( 2 % )  1 ( 7 % )  1 ( 2 % )  

t NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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INFLAMMATION, ACUTE/CHRONIC 
INFLAP lMATIONt  CHRONIC FOCAL 
F I B R O S I S t  MULTIFOCAL 1 
DEGENERATION, NOS 

RMYOCARDIUPl OF LEFT V 
P E R I V A S C U L I T I S  

( 5 0 )  
1 

*CORONARY ARTERY 
THROMBOSIS, NOS 

*PULMONARY ARTERY 
INFLAMMATIONt  ACUTE FOCAL 

( 5 0 )  

HRENAL ARTERY ( 5 0 )  
IHFLAMMATIOHt  ACUTE/CHRONIC 

WIESENTERY ( 5 0 )  ( 5 0 )  
THROMBUS, ORQANIZED 1 (2%)  
P E R I A R T E R I T I S  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

1 ( 2 % )  

1 ( 2 %  

1 (2% 

#KIDNEY 
EMBOLUS, S E P T I C  
P E R I V A S C U L I T I S  

P E R I V A S C U L I T I S  
#PROSTATE 

( 4 8 )  

( 4 8 )  

# S A L i V A R Y  QLAND 
CYST, NOS 
QRANULOMA, FOREIGN BODY 

( 4 8 )  

(SAL IVARY OLAND I N T E R  ( 4 8 )  
INFLAMMATION, ACUTE FOCAL 

( 4 9 )  

( 4 9 )  

( 5 0 )  

( 5 0 )  

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

1 ( 2 % )  
( 4 8 )  

HEMORRIIAOE, CHROMIC 
INFLAMMATION, ACUTE FOCAL 

' INFLAMMATION. CHRONIC FOCAL 

OL IVER ( 5 0 )  ( 5 0 )  ( 4 9 )  ( 4 8 )  
1 ( 2 % )  

2 ( 4 % )  
- _. 1 (2%)  

YTOPLASMIC VACUOL 1 ( 2 % )  

NECROSIS, -FOCAL 5 ( 1 0 % )  5 ( 1 0 % )  1 (2%) 
NECROSIS, I S C H E M I C  1 (2%) 

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
M NUMBER OF ANIMALS NECROPSIED 
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B A S O P H I L I C  CYTO CHANGE 
FOCAL CELLULAR CHANGE 
REGENERATIVE NODULE 

#L IVER/CENTRILOBULAR 
NECROSIS, NOS 
NECROSIS,  FOCAL 
NECROSIS,  D I F F U S E  
CYTOPLASMIC V A C U O L I Z A T I O N  

#LIVER/HEPATOCYTES 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, FOCAL GRANULOMATOU 
NECROSIS,  NOS 
NECROSIS,  FOCAL 

NECROSIS,  I S C H E M I C  
NECROSIS,  COAGULATIVE 

NUCLEAR EHLARGEflENT 
CYTOPLASMIC V A C U O L I Z A T I O N  
B A S O P H I L I C  CYTO CHAHGE 
FOCAL CELLULAR CHANGE 
C E L L - S I Z E ,  ALTERATION 
REGENERATION, NOS 

*GALLBLADDER 
F I B R O S I S ,  FOCAL 

R B I L E  DUCT 
D I L A T A T I O N ,  NOS 

#PANCREAS 
C Y S T I C  DUCTS 
NECROSIS,  FOCAL 

RPANCREATIC ACINUS 

ATROPHY. NOS 
NECROSIS, FOCAL 

ATROPHY, FOCAL 
ATROPHY, D I F F U S E  

RPANCREATIC I N T E R S T I T  
INFLAMMATION, ACUTE 

1 ( 2 % )  
2 (4%) 

( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  

1 ( 2 % )  

(47) 

( 4 7 )  

1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 4 9 )  
1 ( 2 % )  

( 4 9 )  

1 ( 2 % )  

( 4 9 )  

2 (4%) 

( 4 9 )  

( 4 9 )  
1 ( 2 % )  
2 (4%) 

3 ( 6 % )  
1 ( 2 % )  

1 (2%)  

4 ( a x )  

( 5 0 )  

( 4 9 )  

(47) 

1 ( 2 % )  

1 ( 2 % )  

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

( 4 7 )  
I ( 2 % )  

2 (4%) 
1 ( 2 % )  

1 ( 2 % )  

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

( 5 0 )  

( 4 8 )  

( 4 8 )  

#ESOPHAGEAL MUSCULAR1 ( 4 8 )  ( 4 8 )  ( 4 9 )  ( 4 9 )  
1 ( 2 % )  REGENERATI ON, NOS 

R NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE .................................................................................................. 

#CARDIAC STOMACH 
ULCER, ACUTE 
INFLAMMATION, ACUTE FOCAL 
HYPERPLASIA,  E P I T H E L I A L  

#GASTRIC FUNDUS 
INFLAMFIATION, ACUTE FOCAL 
HYPERPLASIA ,  E P I T H E L I A L  

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

1 ( 2 % )  

( 4 7  
1 

#JEJUNAL SUBMUCOSA ( 4 3  
INFLAMl lAT ION,  CHRONIC FOCAL 1 

( 4 8  

1 

( 4 5  

( 2 % )  

(2%) 

( 4 6 )  ( 4 6 )  

( 2 % )  

( 4 0 )  ( 4 2 )  

URINARY SYSTEM 

ECTOPIA  
M I N E R A L I Z A T I O N  
HYDRONEPHROSIS 
LYMPHOCYTIC I N F L  
GLOMERULONEPHRIl 

GLOMERULONEPHRIl 

NEPHROPATHY 

#KIDNEY 

PYELONEPHRIT IS ,  

PYELONEPHRIT IS ,  

NECROSIS, FOCAL 
INFARCT,  FOCAL 

, P MMA TORY I N F I  L TR 

ACUTE 

ACUTEICHRONIC 

' I S ,  MEMBRANOUS 

' I S ,  SUBACUTE 

INFARCT;  HEALED 

A N G I E C T A S I S  
BASEMENT MEMBRANE, ALTERATION 

#KIDNEY/CORTEX 
ECTOPIA  
M I N E R A L I Z A T I O N  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  
F I B R O S I S ,  FOCAL 
INFARCT, FOCAL 
METAPLASIA ,  OSSEOUS 

( 5 0 )  

2 ( 4 % )  

5 ( 1 0 % )  

4 ( 8 % )  

( 5 0 )  

1 ( 2 % )  

( 5 0 )  
2 ( 4 % )  
3 ( 6 % )  
1 ( 2 % )  

19  ( 3 8 % )  

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

1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  

1 ( 2 % )  

( 5 0 )  ( 4 8 )  

1 ( 2 % )  
1 ( 2 % )  

5 ( 1 0 % )  
1 ( 2 % )  
1 ( 2 % )  

1 ( 2 % )  

1 ( 2 % )  

2 ( 4 % )  

( 5 0 )  

1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

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

#PERIRENAL T I S S U E  ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 4 8 )  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 ( 2 % )  

t NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

1KIDNEYIGLOMERULUS 
INFLAMMATION A C T I V E  CHROMIC 
INFLAMMATION, FOCAL GRANULOMATOU 

#BOWMAN'S CAPSULE 
D I L A T A T I O N ,  NOS 

I K I D N E Y I T U B U L E  
M I  tI ERA L I 2  AT I ON 
D I L A T A T I O N ,  NOS 
IIU~TIPL E-CYSTS 
DEGENERATION, NOS 
NECROSIS,  FOCAL 
NECROSIS t  D I F F U S E  

M E T A P L A S I A t  OSSEOUS 
REGENERATION, NOS 

CYTOPLASMIC V A C U O L I Z A T I O N  

I K I D N E Y I P E L V I S  

NPERIURETERAL T I S S U E  

INFLAMMATION, ACUTE 

NECROSISs FAT 

#URINARY BLADDER 
D I L A T A T I O N ,  NOS 
CAST, NOS 
INFLAMMATION,  ACUTE N E C R O T I Z I N G  
INFLAMMATION,  ACUTEICHROWIC 
NECROSIS,  NOS 
HYPERPLASIA ,  E P I T H E L I A L  

NURETHRA 

NPROSTATIC URETHRA 

 OBSTRUCTION^ NOS 

INFLAMMATION,  ACUTE 
HYPERPLASIA ,  E P I T H E L I A L  

( 5 0 )  

( 5 0 )  
1 

( 5 0 )  

2 
1 

2%) 

4 % )  
2% 1 

15 (30%) 

2 ( 4 % )  
( 5 0 )  

( 5 0 )  

( 4 7 )  

2 ( 4 % )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  ( 4 8 )  

( 2 % )  1 

( 5 0 )  ( 5 0 )  ( 4 8  

( 5 0 )  (48 
1 

( 5 0 )  

2 ( 4 % )  2 

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

23 (46%) 8 ( 1 6 % )  14 

( 5 0 )  ( 5 0 )  ( 4 8 )  

( 5 0 )  ( 5 0 )  ( 5 0  
1 

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

(2%)  
(4%) 

( 2 % )  

( 2 9 % )  

( 2 % )  

( 2 % )  
( 4 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

'ENDOCRINE SYSTEM 
( 3 9 )  ( 4 1 )  ( 3 3 )  ( 4 0 )  

1 (3%) # P I T U I T A R Y  
EMDRYOHAL D UCT CYST 

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
N NUMBER OF ANIMALS NECROPSIED 
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

#ADRENAL CORTEX 
L I P O I D O S I S  
FOCAL CELLULAR CHANGE 
HYPERTROPHY , FOCAL 
HYPERPLASIA,  FOCAL 

tZONA FASCICULATA 
FOCAL CELLULAR CHANGE 
HYPERTROPHY, FOCAL 
HYPERPLASIA ,  FOCAL 

BADRENAL MEDULLA 
F I B R O S I S ,  D I F F U S E  
HYPERPLASIA ,  FOCAL 

#THYROID 
C O L L O I D  CYST 

7 ( 1 5 % )  
1 (2%)  

( 4 7 )  

( 4 2 )  ( 3 9 )  ( 4 7 )  ( 4 2 )  
1 ( 2 % )  

REPRODUCTIVE SYSTEM 

*PREPUCE ( 5 0 )  
INFLAMMATION, ACUTE 

#PREPUTIAL  GLAND (50 )  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  
INFLAMMATIONt  ACUTEICHRONIC 
ABSCESS, CHRONIC 
INFLAMMATION, PYOGRANULOMATOUS 

(50 )  

( 5 0 )  

1 (2%)  

#PROSTATE ( 4 5 )  ( 5 0 )  
INFLAMMATION, ACUTE 1 ( 2 % )  
I N F L A M M d T f O N  A C T l V E  CHRONIC 
i N F i  AMMAT I ON , CHRON I C 

(50 )  

( 5 0 )  

2 ( 4 % )  

( 5 0 )  
1 ( 2 % )  

(50)  
1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

ATROPHY, NOS 
HYPOSPE RMATOGENF S I S  

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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#TESTIS /TUBULE 
M I N E R A L I Z A T I O N  
ATROPHY, FOCAL 

(SPERMATOGENIC E P I T H E  
DEGENERATION, NOS 
ATROPHY, D I F F U S E  

R E P I D I D Y M I S  
GRANULOMA, NOS 
GRANULOMA, SPERMATIC 
NECROSIS, FAT 
METAPLASIA ,  SQUAflOUS 

( 4 8 )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  
1 (2%)  

1 (2%)  

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

( 5 0 )  ( 5 0 )  

1 ( 2 % )  
1 ( 2 % )  

NERVOUS SYSTEM 

#LATERAL VENTRICLE 
PIGMENTATION, NOS 

( 5 0 )  

( B R A I N  ( 5 0 )  
M I N E R A L I Z A T I O N  18 (36%)  

LYMPHOCYTIC INFLAMMATORY I N F I L T R  
HYDROCEPHALUS, NOS 

( 5 0 )  

( 5 0 )  
25 ( 5 0 % )  

1 (2%)  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  ( 5 0 )  

1 ( 2 % )  

1 B R A I N / T H A l A M U S  ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
23 ( 4 6 % )  M I N E R A L I Z A T I O N  17 (34%)  

WHYPOTHALAMUS 
ATROPHY, PRESSURE 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

*FEMUR ( 5 0 )  
FIBROUS OSTEODYSTROPHY 2 ( 4 % )  

# NUMBER OF ANIMALS C l ITH T I S S U E  EXAMINED MICROSCOPICALLY 
N NUMBER OF ANIMALS NECROPSIED 
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

UNTREATED VEHICLE 
C ONTR 0 L CONTROL LOW DOSE HlOH DOSE 

BODY C A V I T I E S  

HABDOMINAL C A V I T Y  
NECROSIS, FAT 

( 5 0 )  ( S O )  (50 )  (SO)  
1 (2%) 

HPERITONEUM ( 5 0 )  ( 5 0 )  (50 )  ( 5 0 )  
INFLAMMATION, ACUTE FOCAL 1 (2%) 

*PARIETAL PERITONEUM (SO)  
INFLAMMATION, ACUTE FOCAL 

( 5 0 )  

P E R I O R B I T A L  REGION 
M U L T I P L E  CYSTS 1 

ADIPOSE T I S S U E  
INFLAMMATION, ACUTE/CHRONIC 1 

I 
1 

I NUMBER OF ANIMALS WITH T I S S U E  EXAnINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE 02. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE ADMINISTERED 
CHLOROBENZENE IN CORN OIL BY GAVAGE 

.................................................................................................. 
UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE HIGH DOSE .................................................................................................. 

ANIMALS I N I T I A L L Y  I N  STUDY 50 50  5 0  5 0  
ANIMALS NECROPSIED 5 0  5 0  50 5 0  
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 5 0  50 50 .................................................................................................. 
INTEGUMENTARY SYSTEM 

NSUBCUT T I S S U E  ( 5 0 )  (50 )  (50 )  ( 5 0 )  
HEMORRHAGE, CHRONIC 1 (2%) . ................................................................................................. 

RESPIRATORY SYSTEM 

#BRONCHIAL SUBMUCOSA ( 4 9 )  ( 5 0 )  ( 5 0 )  (50 1 
LYMPHOCYTIC INFLAMMATORY I N F I L T R  2 ( 4 % )  

INFLAMMATION , CHROHI C FOCAL 1 (2%) 
INFLANNATION,  FOCAL GRANULOMATOU 
FOREIGN MATERIAL ,  NOS 
ALVEOLAR MACROPHAGES 5 ( 1 0 % )  
HYPERPLASIA ,  ALVEOLAR E P I T H E L I U M  3 ( 6 % )  

RLUNG ( 4 9 )  ( 5 0 )  ( 5 0 )  ( 5 0 1  
HEMORRHAGE 1 (2%) 
LYMPHOCYTIC INFLAMrlATORY I N F I L T R  2 ( 4 % )  16 (32%) 3 (6%)  5 ( 1 0 % )  
INFLAMMATION, ACUTE FOCAL 1 (2%) 

1 (2%) 
1 ( 2 % )  

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

ALUNG/ALVEOLI ( 4 9 )  ( 5 0 )  ( 5 0 )  
I N F L  AMrl A T I ON FOCAL GR ANUL OM AT OU 

( 5 0 )  
1 ( 2 % )  

HEMATOPOIETIC SYSTEM 

ABONE MARROW 
ATROPHY, FOCAL 

#SPLEEN 
, HYPERPLASIA,  LYMPHOID 

HEMATOPOIESIS 

( 4 9 )  ( 5 0 )  

# S P L E N I C  F O L L I C L E S  ( 4 9 )  
NECROSIS, N os 1 (2%)  

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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# S P L E N I C  RED PULP 
HEMATOPOIESIS 

( 4 7 )  ( 5 0 1  ( 4 9 )  
1 ( 2 % )  

( 4 9 )  

#LYMPH NODE 
HYPERPLASIA,  LYMPHOID 

(36) 

(36) #MANDIBULAR L .  NODE 
PLASMACYTOSIS 

(LYMPH NODE OF THORAX (36) ( 3 4 )  
HYPERPLASIA,  LYMPHOID 1 ( 3 % )  

#MESENTERIC L .  NODE (36) 
HYPERPLASIA,  RETICULUM CELL 
HEMATOPOIESIS 

( 3 3 )  

#BRONCHIAL SUBMUCOSA 
HYPERPLASIA, LYMPHOID 

( 4 9 )  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  ( 5 0 )  

#LUNG 

# K 1  DN EY 

HYPERPLASIA,  LYMPHOID 

MASTOCYTOSIS 

#THYMUS 

(THYMIC CORTEX 

HEMATOPOIESIS 

NECROSIS, NOS 

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

( 3 8 )  

( 4 1 )  ( 4 2 )  

#THYMIC MEDULLA 
HYPERPLASIA,  LYMPHOID 

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

#BRAIN/MENIf4OES 
P E R I V A S C U L I T I S  

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

#MESENTERIC L .  NODE (36) ( 3 3 )  ( 4 2 )  ( 3 4 )  
I 1 ( 2 % )  

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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RPERITRACHEAL T I S S U E  
P E R I V A S C U L I T I S  

I H E A R T / A T R I U M  
THROIIBUS, MURAL , 

RMYOCARDIUM 
INFLAMMATION,  CHRONIC FOCAL 
F I B R O S I S ,  FOCAL 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 1  
1 ( 2 % )  1 (2%)  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  #MYOCARDIUM OF LEFT V 

HYPERPLASIA,  FOCAL 

#CARDIAC VALVE ( 5 0 )  
INFLAMMATION,  ACUTE/CHRONIC 
DEGENERATION, MUCOID 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

*AORTA 
I t IFLAMMATION,  ACUTE/CHRONIC 

*AORTIC TUNICA ADVENT 
INFLARMATION,  CHRONIC 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 x 1  

( 5 0 )  
FOCAL 

*CORONARY ARTERY 
INFLAMMATIONs  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
CHRONIC FOCAL 

D I G E S T I V E  SYSTEM 

R L I V E R  
HEMORRHAGE 

( 4 8 )  ( 5 0 )  

1 ( 2 % )  

( 5 0 )  

2 ( 4 % )  

1 (2%)  
10 ( 2 1 % )  

4 (8%) 
INFLAMMATION, ACUTE FOCAL 
INFLAMMATION, ACUTE/CHRONIC 
INFLAMMATION, CHRONIC FOCAL 
NFCROSIS.  FOCAL 

1 ( 2 % )  
9 ( 1 8 % )  
1 (2%) H Emo D ERO s I 5 . .  - 

B A S O P H I L I C  CYTO CHANGE 
FOCAL CELLULAR CHANGE 

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

t L I V E R / C E N T R I L O B U L A R  ( 4 8 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
NECRO S I 9 ,  FOCAL 2 ( 4 % )  

t NUnBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
,* NUMBER OF ANIMALS NECROPSIED 
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

REG EN ER A T I O  II 9 N 0 S 

#LIVER/HEPATOCYTES 

NECROSIS.  FOCAL 
INFLAMMATION,  ACUTE FOCAL 

NECROSIS; COAGULATIVE 
B A S O P H I L I C  CYTO CHANGE 
CLEAR-CELL CHANGE 
C E L L - S I Z E ,  ALTERATION 

#PANCREAS 
D I L A T A T I O N / D U C T S  
C Y S T I C  DUCTS 

#PANCREATIC DUCT 

#PANCREATIC ACINUS 

M U L T I P L E  CYSTS 

NECROSIS,  FOCAL 
ATROPHY, NOS 
ATROPHY, FOCAL 
ATROPHY, D I F F U S E  

#PANCREATIC 
I N F L  ANNA 

#ESOPHAGUS 
NECROSIS 

I N T E R S  T I  T 
ION,  CHRONIC FOCAL 

FOCAL 

#ESOPHAGEAL MUSCULAR1 
REGENERATION, NOS 

#ESOPHAGEAL A D V E N T I T I  
GRANULOMA, NOS 

#GASTRIC SUBMUCOSA 

#CARDIAC STOMACH 

INFLAMMATION,  ACUTE FOCAL 

ULCER, FOCAL 
, ULCER, ACUTE 

EROSION 

O C O L O N  

( 5 0 )  
1 ( 2 % )  
5 ( 1 0 % )  

( 5 0 1  
1 (2%)  

( 5 0 )  

( 5 0 )  

1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  

( 4 9 )  

( 4 8 )  . - - - - . . 
NEMATODIASIS  1 ( 2 % )  

# NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) .................................................................................................. 
UNTREATED VEHICLE 
CONTROL COllTROL LOW DOIE Hl6H OOSE 

URINARY SYSTEM 

t K 1  DEI EY .- 
ECTOPIA 
LYMPHOCYTIC 1NFLAMflATX)RY I N F I L T R  

NEPHROPATHY 
OLOPIERULONEPHRITIS, MEMBRANOUS 

METAPLASIA ,  OSSEOUS 

#KIDNEY/CORTEX 
CYST D  NOS 
LYMPHOCYTIC INFLAMMATORY I N F I L T R  

#RENAL CORTICAL I N T E R  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  

#KIDNEY/GLOMERULUS 
INFLAMMATION, ACUTE FOCAL 

#KIDNEY/TUBULE 
M I N E R A L I Z A T I O N  
DEGENERATION, NOS 
DEGENERATION, C Y S T I C  
DEGENERATION, GRANULAR 
DEGENERATION, H Y A L I N E  
NECROSIS, FOCAL 
CYTOPLASMIC CHANGED NOS 
C E L L - S I Z E ,  ALTERATION 
REGENERATION, NOS 

tU.BLADDER/SUBMUCOSA 
LYMPHOCYTIC INFLAMMATORY I N F I L T R  
INFLAMMATION, ACUTE FOCAL 

(50)  

(50 )  

(501 

(SO)  

1 (2%)  

1 (2%) 

(45)  

~ .................................................................................................. 
ENDOCRINE SYSTEM 

# P I T U I T A R Y  ( 4 1 )  (39) ( 3 8 )  (38)  
HYP ERPL AS1  A , FOCAL 1 (3%)  

, HYPERPLASIA,  CHROMOPHOBE-CELL 2 (5%) 

#ANTERIOR P I T U I T A R Y  ( 4 1 )  (39) (38)  ( 3 8 )  

#ADRENAL CORTEX ( 4 9 )  ($9)  (50 )  ( 6 9 )  

HYPERPLASIA,  CHROMOPHOBE-CELL 1 (3%) 4 ( 1 1 % )  3 (8%)  

I 1 ( 2 x 1  

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................................. 
UNTREATED VEHICLE 
CONTROL CONTROL LOW DOSE Hl6H OOSE 

LYMPHOCYTIC INFLAMMATORY I N F I L T R  1 ( 2 % )  
DEGENERATION, NOS 1 ( 2 x 1  
L I P O I D O S I S  1 ( 2 % )  

#ZONA R E T I C U L A R I S  
DEGENERATION, NOS 
NECROSIS, FOCAL 
METAMORPHOSIS FATTY 
A N G I E C T A S I S  

( 4 9 )  ( 4 9 )  

2 (4%)  
1 ( 2 x 1  

BADRENAL MEDULLA ( 4 9 )  ( 4 9 )  ( 5 0 )  ( 4 9 )  
HYPERPLASIA,  FOCAL 1 (2%) 

(PARATHYROID ( 2 2 )  
THYROGLOSSAL DUCT CYST 1 ( 5 % )  

REPRODUCTIVE SYSTEM 

WIAMMARY GLAND 
M U L T I P L E  CYSTS 
HYPERPLASIA,  C Y S T I C  

#UTERUS ( 4 8 )  ( 5 0 )  
CYSTS NOS t (2%) 
MULTILOCULAR CYST 1 ( 2 % )  
INFLAMMATION, ACUTE 1 ( 2 % )  
INFLAMMATION, ACUTE SUPPURATIVE 1 ( 2 % )  
INFLAMMATION, ACUTE/CHRONIC 1 ( 2 % )  1 ( 2 x 1  
INFLAMMATIONp CHRONIC FOCAL 1 ( 2 % )  
GRANULOMA, NOS 1 ( 2 % )  

HEMORRHAGE 1 ( 2 % )  
#UTERUS/ENDOMETRIUM ( 4 8 )  ( 5 0 )  ( 5 0 )  (48) 

FLAPIMATION. ACUTE D I F F U S E  1 ( 2 % )  

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
H NUMBER OF ANIMALS NECROPSIED 
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

UNTREATED VEHICLE 
C ONTR 0 L CONTROL LOW DOSE HIGH DOSE 

HYPERPLASIA,  P A P I L L A R Y  

#ENDOMETRIAL GLAND 
FOLL ICULAR CYST, NOS 
M U L T I P L E  CYSTS 
HYPERPLASIA,  C Y S T I C  ' 

#OVARY/PAROVARIAN 
M I N E R A L I Z A T I O N  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  

1 ( 2 % )  

1 ( 2 % )  
5 ( 1 0 % )  4 ( 8 % )  2 ( 4 % )  4 (8%) 

36 ( 7 5 % )  38 ( 7 6 % )  46 ( 9 2 % )  37 ( 7 7 % )  

(4111 ( 5 0 )  ( 5 0 )  ( 4 8 )  

( 4 5 )  

#OVARY 

17 ( 4 3 % )  

1 ( 3 % )  

( 4 7 )  
7 ( 1 5 % )  
7 ( 1 5 % )  
2 ( 4 % )  
2 ( 4 % )  
3 ( 6 % )  
1 ( 2 % )  
1 ( 2 % )  

( 4 3 )  
1 (2%) 

17 ( 4 0 % )  

3 (7%) 

( 4 5 )  

20 ( 4 4 % )  

2 ( 4 % )  

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

NERVOUS SYSTEM 

1BAAIN/MENINGES ( 5 0 )  ( 5 0 )  ( 5 0 )  (SO)  
F I B R O S I S ,  FOCAL 1 ( 2 % )  

#CEREBRUM 
NECROSIS, FOCAL 

( 5 0 )  

( 5 0 )  

( 5 0 )  ( 5 0 )  
1 (2%)  

( 5 0 )  

(50) 

1 ( 2 % )  

#BRAIN/THALAMUS ( 5 0 )  ( 5 0 )  ( S O )  ( S O )  

' tHYPOTHAL ANUS ( 5 0 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  

17 ( 3 4 % )  15 ( 3 0 % )  M I N E R A L I Z A T I O N  29 ( 5 1 % )  

ATROPHY, PRESSURE 1 ( 2 % )  1 (2%) 1 (2%) 

# S C I A T I C  NERVE ( 5 0 )  ( 5 0 )  ( 5 0 )  (50 )  
OS 1 ( 2 % )  

# NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
,I NUMBER OF ANIPlALS NECROPSIED 
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) 

*CORTEX OF BONE 
FIBROUS OSTEODYSTROPHY 

(50 )  

MFEMUR 
FIBROUS OSTEODYSTROPHY 

(50 )  ( 5 0 )  
18 ( 3 6 % )  

( 5 0 )  (50 )  

BODY C A V I T I E S  

#MEDIASTINUM 
INFLAMMATION, ACUTE 
NECROSIS, FAT 

*ABDOMINAL C A V I T Y  
HEMORRHAGE 

*PERITONEUM 
I N F L  AMIlA T I ON > A CUT E 

(50)  ( 5 0 )  (50 )  
1 (2%) 

( 5 0 )  

1 ( 2 % )  

(50 )  ( 5 0 )  ( 5 0 )  ( 5 0 )  
1 (2%) 

( 5 0 )  
1 (2%) 

( 5 0 )  ( 5 0 )  (50 )  

* M E D I A S T I N A L  PLEURA 
NECROSIS, FOCAL 

( 5 0 )  ( 5 0 )  ( 5 0 )  ( 4 0 )  
1 (2%) 

N M U L T I P L E  ORGANS ( 5 0 )  
LYMPHOCYTIC INFLAMMATORY I N F I L T R  
I N F L A M M A T I O N t  ACUTE FOCAL 

( 5 0 )  

1 ( 2 % )  

S P E C I A L  MORPHOLOGY SUMMARY 

I NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
,# NUMBER OF ANIMALS NECROPSIED 
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APPENDIX E 

A. Packed Cell Volume (PCV, "hematocrit"): 

on the Coulter (Coulter Electronics) flat pack accessory. 
This volume was reported as a percentage of the whole blood volume (Lynchet al., 1969; Miale, 1967) 

B. Hemoglobin (HGB): 
The red cells in a specimen of blood were hemolyzed and the hemoglobin was converted into either 

oxy- or cyanomethemoglobin (Lynch et al., 1969; Miale, 1967). The optical density or percent 
transmittance of a dilute solution was measured and the hemoglobin concentration of the original 
sample was obtained automatically in grams percent on the Coulter Hemoglobinometer. 
C. Erythrocyte Count (RBC): 

Whole blood was diluted with an isotonic solution and the number of red blood cells in a known 
volume was counted automatically on the Coulter Counter, Model FN (Coulter Electronics). RBC is 
expressed in 106/mm3 (Lynch et al.. 1969; Miale. 1967). 

D. Leukocyte Count (WBC): 
Whole blood was diluted with an isotonic solution and the number of white cells in a known volume 

was counted automatically on a Coulter Counter, Model FN. The WBC is expressed in 103/mm3 
(Lynch et al., 1969; Miale, 1967). 

E. Differential: 

stained with May-Grunwaldi Giemsa on the Ames automatic slide stainer (Ames Co., 1974). 
A count of 100 leukocytes was differentiated and reported in percent per type of cell. Slides were 

F. Platelet: 

The platelets in a diluted sample of blood were counted in a hemocytometer. Results are reported in 
103/mm3. This direct method of platelet determination was done with the Unopette disposable pipetting 
system ( Becton-Dickinson, Rutherford, NJ). 

G. MCV: 

MCV was calculated on the Coulter FN flat pack accessory. 

H. Reticulocytes: 

Reticulocyte counts were performed by making a blood smear from a mixture of equal parts of fresh 
methylene blue and blood, and then counting from estimated fields containing 1.OOO red blood cells. 
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APPENDIX F 

HEMATOLOGY, CLINICAL CHEMISTRY, AND ORGAN WEIGHTS 
FOR RATS AND MICE IN THE 13-WEEK STUDIES 
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TABLE FL HEMATOLOGY DATA FOR RAT ADMINISTERED CHLOROBENZENE IN THE ISWEEK STUDY 

DOSE 
Ii! Q 

GROUP H@ PCV WBC RBC MCV BANDS SEGS EOS BAS0 LYMPH MONO PLATELETS R E n C  
(%I (Pam-) (%) c (me&) N (ddl) (96) (10.’/fumm) ( W e u m m )  (~3) (%) (‘16) (%I (%) (96) 

g 
MALES 
Vehicle - 
Control 9 X 16.3 45 7.4 8.89 51 0 21 2 0 78 I 279,200 1 .5 

60 IO X 16.7 45 7.0 8.99 50 0 19 2 0 80 1 298.800 2. I 

125 10 X 16.4 43 7.7 8.80 50 0 20 1 0 79 0 

SD 0.4 2 1.1 0.26 2 4 I 0 4 0 77.600 0.9 
- 

SD 0.5 I 1 .o 0.20 1 5 I 0 5 0 m.600 0.6 

373,800 (a) 1.7 
SD 0.5 2 1.7 0.34 I 7 I 0 7 0 61,600 0.9 

- 

- 
250 10 X 15.9 44 6.8 9.10 49@) 0 23 2 0 76 1 280,500 2.2 

SD 0.5 3 I .6 0.40 1 8 I 0 9 0 45,400 0.8 

uw) 7 X 15.5 (a) 43 7.6 9.03 49 (b) 0 29 I 0 71 0 31 1,400 I .o 
SD 0.7 3 I .J 0.61 I I I  0 0 I I  0 87,900 I .o 
- 

- 
750 1 X 14.8 (a) 40 7.8 8.13 49 0 24 I 0 75 0 315,000 3.9 (a) 

L FEMALES 
00 Vehicle 
Ul 

- 
Control IO X 16.3 45 5.3 8.72 53 0 21 2 0 78 0 41 1,800 I .6 

SD 0.4 I 0.5 0.26 I 4 2 0 4 0 64.600 0.8 

60 IO X 15.9 42 5.9 7.90 (a) 54 0 20 2 1 79 0 349,809 2.8 

125 IO X 16.2 49 (a) 4.6 8.84 56 fW 0 21 2 I 78 0 407,000 2.2 

250 IO X 15.9 48 4.5 8.82 55(b) 0 19 2 0 80 I 490,300 1.8 
SD 0.7 2 0.6 0.37 I 4 I 0 3 0 77,300 1.2 

- 

SD 0.6 2 0.6 0.23 I 5 I 3 5 0 77,500 1.3 
- 
SD 0.5 3 0.7 0.31 2 6 1 3 6 0 57,700 1.3 
- 

- mo 7 x 15.8 47 4.6 8.72 53 0 24 I 0 76 0 305,ooO (a) 3.1 
SD 2.3 6 I .7 I .49 I I I  I 0 I I  0 85,000 1.3 

750 2 X 15.2 45 3.3 (a) 8.83 51 0 26 2 0 73 0 350,000 2.6 
- 
SD 0.8 3 0.4 0.63 0 I 0 0 1 0 91,900 I .5 

(a) P<0.05 relative to vehicle controls. 
(b) P<O.Ol relative to vehicle controk. 



TABLE F2. CLINICAL CHEMISTRY DATA FOR RATS ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

MALES 

Control X 169 46 0.0 0.27 26 I98 22 170 6.4 67.5 10.0 18.7 3.0 
Vehicle 

9 SD I I  67 0.0 0.14 8 79 2 1 1  0.4 I .9 3.3 1.1 0.9 

- 

60 X 154 51 0.0 0.29 39(b) 210 21 176 6.8 (a) 69.5 9.9 17.9 2.1 (a) - 
IO SD 21 28 0.0 0.07 9 46 2 56 0.3 I .4 I .2 1.2 0.6 

125 X 131 (a) 102 0.0 0.34 32 I98 20 192 6.6 67.3 12.2 17.5 2.3 
10 SD 32 127 0.0 0.21 8 34 2 33 0.4 2.6 2.4 I .6 0.9 

- 

250 X 162 60 0.0 0.3 I 49 (6) 155 19 (6) 174 6.8 (a) 69.5 10.4 17.5 1.9 (a) 
- 

IO SD 32 82 0.0 0.09 13 64 2 22 0.2 2.4 1 .B 0.9 0.7 

500 X 171 6 0.0 0.26 43 (a) 109 (a) 16 (b) 158 5.7 (b) 67.8 9.7 20.0 1.7 B) - 
6 SD 26 9 0.0 0.07 I5 32 2 4 0.3 3.0 2.5 1.5 0.5 

750 X 167 217 0.0 0.38 35 58 18 148 6.3 72.5 5.0 19.6 2.2 - 

W FEMALES 
VI 

49 134 21 I52 6.6 67.3 11.3 16.5 4.2 
- W Vehicle 

Control X 83 112 0.0 0.30 
7 SD 12 185 0.0 0.15 10 32 5 26 0.4 2.3 I .9 I .o 0.8 

60 X 72 21 0.0 0.40 75 (b) 93 (b) 17 169 6.4 66.4 10.6 17.4 5.0 

125 X 90 25 0.0 0.29 70 (a) 90 (6) 14 (b) 167 6.3 66.7 11.0 17.8 3.7 
IO SD 21 5 0.0 0.09 9 21 2 II  0. I 2.7 2.3 1.3 1 .o 

- 
10 SD 6 4 0.0 0.22 I I  22 2 16 0.3 I .4 I .o 0.8 I .3 

- 

250 X 64 34 0.0 0.21 76 (b) 105 17 173 6.8 66.7 11.6 18.2 (a) 3.6 
10 SD 24 14 0.0 0.05 12 23 3 2.9 2.7 1.6 0.9 20 0.6 

- 

500 X 141 (6) 64 4.0 (b) 0.20 71 (a) 75 (6) 20 I65 7.1 66.5 10.7 19.6 (b) 2.7 (a) 
- 

7 SD 53 31 3.0 0.04 30 27 4 25 0.7 2.3 2.1 0.9 0.9 

750 x I50 (a) 206 14.0 (6) 0.41 50 91 20 166 7.2 66.7 10.3 19.6 (b) 2.3 
2 SD 28 8 6.0 0.22 I I  16 3 1 0.9 2. I I .6 0.7 0.3 

- 

(a) P< 0.05 relative to vehicle controls. 
(b) P< 0.01 relative to vehicle controls. B 



TABLE F3, PORPHYRIN ANALYSIS FOR RATS ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

Dose Group Liver Total Urine Urinary urinary 
(mg/ kg) Sex Porphyrins (a) Volume (b) Uroporphyrin (e) Coproporphyrin (c) 

Vehicle Control 
60 
125 ' 
250 

I 500 
750 

60 
I25 
250 
500 
7 50 

Vehicle Control 

Male 
M ale 
M ale 
Male 
Male 
Male 

Female 
Female 
Female 
Female 
Female 
Female 

58 f IO (9) 
51 f 8 (IO) 
55 f 6 (IO) 
62221 (IO) 
70 f 33 (6) 

94 ( 1 )  

53 f 19 (9) 
59 f 12 (9) 
672 I S ( l 0 )  
51 f IO (IO) 
81 f 21 (7) (e) 
90 f 34 (2) (d) 

8 f 2 (9) 

I I f 4 (7) 
I9 f 3 (4) (e) 
7 f I (IO) 

8 f 3 (7) 
I O  f I (2) 

1028 f 282 (9) 

1509 f 593 (7) 
4176 f 3220 (4) (e) 

588 f 206 (IO) 

1032 f 1084 (7) 
935 f 202 (2) 

343 f 167 (9) 

- 
- 

1649 f 82 I (7) (e) 
3099 f 599 (4) (e) 

2675 195 (IO) 

- 
1631 f 1048 (7) (e) 
594f 42 (2) 

(0) Nanograms per gram liver; x f SD (N). 
(b) Milliliters per 24 hr, x f SD (N). 
(c) Nanograms per 24 hr; x f SD(N).  
(d) P<0.05 relative to vehicle controls. 
(e) P<O.O1 relative to vehicle controls. 
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TABLE F4. ORGAN WEIGHT ANALYSIS FOR MALE RATS ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

Vehick 
Control 

60 

I25 

250 

500 

750 

9 Absolute 

Organ/ Body 

O r w /  Body 

10 Absolute 

10 Absolute 

Organ/ Body 

10 Absolute 

Organ/ Body 

6 Absolute 

Organ/ Body 

I Absolute 

Organ/ Body 

287 f 12' 

282 f 24 

273 f 17 

254 f 21' 

249 f 29' 

23Oe 

11.301 f 0.975' 
0.393 f 0.022' 

11.243 f 1.103 
0.399 t 0.025 
11.233 f 1.246 
0.412 f 0.035 
12.449 f 1.595 
0.489 f O.O3Oe 
12.053 t 1.220 

0.486 t 0.040' 

12.406 
0.539' 

I .OS9 f 0.07 I 
0.379 f 0.017' 
1.018 f0.089 
0.362 f 0.019 
1.046 f 0.073 
0.384 f 0.027 
I .035 f 0.075 
0.408 f 0.026 
I .OM f 0.057 
0.428 t 0.062' 

I .040 
0.452' 

1.513 f 0.126 
0.526 f 0.038' 
1.463 f 0.163 
0.519 f 0.040 

1.556 f0.133 
0.573 f 0.068 
I .433 f 0.073 
0.566 f 0.034 
1.4% f 0.158 
0.612 f 0.135 

I 284' 
0.558 

0.659 f 0.050' 

0.229 f O.OlOd 

0.557 f 0.059' 
0.198 f0.016' 
0.554 f 0.042' 
0.203 f 0.014 
0.493 f 0.072' 
0.194 f 0.020' 
0.489 f 0.1 14' 
0.194 f 0.027e 

0.48lC 

0.209 

1.169 f0.540' 
0.407 f 0. I88 
0.899 f 0.079 
0.319 fO.017 
0.945 f 0.088 
0.347 f 0.037 
0.850 f 0.072 
0.336 f 0.038 
0.841 f 0.157 
0.337 f 0.039 

0.808 
0.351 

0.343 f 0.091 
1.201 f0.362 
0.269 f 0.091 
0.944 f 0.295 
0.274 f 0.072 
0.999 f 0.229 
0.282 f 0.076 
1.109 f 0.290 

0.258 f 0.081 
1.030 f 0.284 

0.181' 
0.787 

1.846 f 0.081d 

0.643 f 0.036' 
1.821 f0.088 
0.649 f 0.048 

1 .SO9 f 0.059 
0.666 f 0.046 

1.802 f 0.050 
0.713 f 0.057 
1.759 f 0.072 
0.714 f 0.080 

I .754 
0.763' 

2.160 f 0.1 16' 
0.752 f 0.037 
2.320i0.184 
0.830 f 0. I 16 
2.163 f 0.237 
0.794 f 0.08 I 
1.900 f 0.144 
0.750 f 0.057 
1.922 f 0.217 
0.774 f 0.064 

1.863' 
0.810 

Values are'il f SD 
(0) (Organ wt x 10) / body wt 

( O w  wt x / body wt 
(e) ( O r p  wt x IOOO) / body wt 
(d) Statistierlly sipifmnt (P<0.05) dae-relatd tread 
(e) Statistiiy (P<0.05) different from control (vchide) 



TABLE FS. ORGAN WEIGHT ANALYSIS FOR FEMALE RATS ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

Vehicle 
Control 

60 

I25 

250 

500 

750 

10 Absolute 

Organ/ MY 

Organ/ MY 

10 Absolute 

10 Absolute 

Organ1 Body 

10 Absolute 

Organ/ Body 

7 Absolute 

Organ/ MY 

OrganlBodY 

I Absolute 

160t 14 

1at I I  

164f I I  

162 f 10 

149 f 14 

Is6 

4.944 f 0.651' 0.652 f 0.057' 
0.310 f 0.030' 0.409 f 0.029' 

5.OSO f 0.273 0.632 f 0.044 

0.317 f0.014 0.3% f 0.033 

6.077 f 0.573' 0.656 f 0.045 

6.075 f 0.523' 0.645 f 0.051 

0.375 f 0.039' 0.398 f 0.040 

7.244 f 1.232' 0.703 f 0.055 

0.370 i 0.027' 0.400 f 0.028 

0.485 f 0.068' 0.474 f O.O5Ic 

10.154' 0.753' 

0.651 ' 0.483' 

1. I 14 t 0.162' 

0.6% f 0.068 

1.128 iO.150 
0.709 f 0.133 

1.217 f0.214 

0.740 f 0. I20 

1.067 f 0.078 
0.658 f 0.054 

0.969 f 0.109 

0.652 f 0.064 

0.922 
0.59 I 

0.420 f 0.060' 

0.262 f 0.024' 

0.394a.032 

0.246 f 0.014 

0.407 f 0.025 

0.248 f 0.012 

0.394 f 0.034 

0.243 f 0.020 
0.364 f 0.060 

0.244 i 0.029 

0.327' 

0.210' 

0.616 f 0.045 

0.387 i 0.030 

0.626 f 0.064 

0.390 0.033 

0.598 t 0.036 

0.364 f 0.019 

0.599 f 0.040 

0.369 f 0.027 

0.592 f 0.067 

0.397 f 0.029 

0.584 

0.374 

0.231 f 0.034 

0.146 f 0.03 I 
0.258 f 0.072 

0.160 f 0.039 

0.235 f 0.036 

0.143 f0.019 

.229 f 0.046 

0.140 f 0.026 

0.219 f 0.049 

0.147 f 0.032 

0.243 

0.1% 

1.755 f 0.083' 

0.1 10 f 0.009 

I .749 f 0.07 I 

0.109 f 0.006 

1.741 f 0.073 

0.106 f 0.008 

1.745 f 0.079 
0.108 f 0.006 

1.622 f 0.076' 

0. I 10 f 0.01 3 

1.691 

0.108 

0.063 f 0.026d 

0.39 f0.14' 

0.054 f 0.017 

0.34 f 0.09 

0.064 f 0.017 

0.39 f 0.10 

0.056 f 0.01 I 

0.35 f 0.07 

0.035 i 0.007' 

0.24 i 0.06 

0.040 

0.26 

0.382 f 0.1 14' 

0.236 f 0.058' 
0.435 i 0.099 

0.270 f 0.052 

0.233 f 0.058 

0.350 f 0.065 

0.215 f 0.039 

0.232 i 0.056' 

0.157 f 0.043 

0.386 f 0.1 13 

0.292 

0.187 



TABLE F6. HEMATOLOGY DATA FOR MICE ADMINISTERED CHLOROBENZENE IN THE 13-WEEK STUDY 

MALES 

Vehicle 
Control IO X 15.0 49 

SD 5.3 1 

60 10 X 16.0 49 
SD 0.5 I 

- 

- 

- 
125 IO X 16.5 47 (0) 

SD 0.5 1 

- 
250 4 X 15.9 46 (0) 

SD 0.2 0 

FEMALES 

Vehicle 
Control IO X 16.8 48 

SD 0.3 I 

60 10 X 16.9 48 
SD 0.7 3 

125 10 X 16.6 48 
SD !.I 3 

250 6 X 15.9 47 
SD 0.5 1 

500 7 X 15.2 (0) 45 
SD 1.6 4 

- 

- 

- 

- 

- 

8.4 
2.0 

9.94 
0.41 

50 0 

I 0 

17 I 0 

5 I 0 

83 
5 

0 458,600 I .5 

0 152.000 0.6 

5.4 (0) 
I .o 

10.05 

0.27 
51 0 

I 0 

13 I 0 

3 1 0 

16 I 0 

7 I 0 

21 I 0 
10 2 0 

87 
4 

84 
7 

0 458,400 I .6 
0 80,100 0.6 

0 5 I 0,200 I .6 
0 199,400 0.9 

0 643,800 1.9 
0 I08,200 1.1 

7.7 
I .o 

10.25 
0.14 

9.57 
0.40 

78 
I I  

6.5 
1.3 

6.0 
I .o 

7.0 
I .7 

9.87 
0.37 

10.04 

0.76 

50 0 

1 0 

49 0 
I 0 

19 1 0 

6 1 0 
80 
5 

0 501,600 1.9 
0 120,100 0.5 

0 482,500 I .6 
0 79,500 0.9 

16 I 0 

5 I 0 

83 
5 

7. I 
1.9 

10.07 
0.63 

9.20 
0.40 

9.22 
0.95 

48 (0) 0 

1 0 

52 (a) 0 

2 0 

49 0 
I 0 

16 2 0 

4.2 0 

28 1 0 

13 I 0 

30 (b) 3.33 0 
14 1 0 

7 
84 
7 

0 544,300 1.3 

0 115,400 0.6 

0 666,m 2.2 
0 116,300 0.9 

0 584,500 I .5 

0 149,600 0.8 

71 
13 

70 . 
14 

4.3 
0.8 

4.9 
I .3 

(0) P< 0.05 relative to vehicle controls. 
(b) P< 0.01 relative to vehicle controls. 



TABLE F7. CLINICAL CHEMISTRY DATA FOR MICE ADMINISTERED CHLOROBENZENE IN THE 
13-WEEK STUDY 

MALES 

Vehicle 
Control X 32 55 0 0.46 21 

- 

SD (N) 7 (7) 25 (7) 0 ( 5 )  0.24 (3) I ( 3 )  

SD (N) 5 (10) 22 (IO) 0 (10) 0.15 (IO) 3 (IO) 

SD (N) 10 (7) 21 (7) 0 (5 )  0.62 (4) 2 (4) 

- 
6 o x  34 37 0 0.39 22 

- 
125 X 29 47 0 0.49 20 

FEMALES 

Vehicle 
Control X 52 58 0 0.37 25 

SD(N) 9 (8) 32 (7) 0 (4) 0.15 (4) 2 (4) 

SD (N) 10 (7) 40 (6) 2 (4) 0.20 (3) 3 (3) 
6 o x  49 71 I 0.39 20 

- 
I25 X 55 51 0 0.29 22 

SD (N) 15 (6) 38 ( 5 )  0 (3) 0.03 (3j 8 (2) 

SD(N) 7 (4) 38 (4) 0 (3) 0.03 (3) 4 (3) 

SD(N) 8 (3)  27 (3) 0 (2) 0.21 (2) 6 (2) 

- 
250 X 57 78 0 0.44 20 

- 
500 X 56 67 0 0.37 25 

No statistically significant differences were observed between control and dosed mice. 
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TABLE FS. PORPHYRIN ANALYSIS FOR MICE ADMINISTERED CHLOROBENZENE IN THE 
13-WEEK STUDY 

DOSE GROZJP LIVER TOTAL URINARY URINARY 
(mg/kg) SEX PORPHYRIN' UROPORPHYRIN~ COPROPORPHYRIN~ 

Vehicle 
Control Male loo f 78 (IO) 758 f 139 (2) 312 f 266 (2) 

60 Male I08 f 39 ( IO)  - - 
125 Male 77 f 17 ( I O )  603 f 23 (2) 3372 6 (2) 
250 Male loof 14 (4) 700 ( 1 )  833 (I) 
500 Male d d d 
7.w Male d d d 

Vehicle 
Con1 rol Female 95 f 65 (9) 1948 f 385 (2) 119f 7 (2) 

60 Female 53 f 27 (IO) - - 
12s Female Mf I9 (IO) - - 
250 Female 87 f 54 (6) 3060 ( I )  2628 ( I )' 
500 Female 62 f I6 (3) I587 f 245 (2) 1675 f 106 (2)' 
750 Female d d d 

(a) Nanogram5 per gram liver: X f S D  ( N )  
(h) Naiiograms per 24 hr.: X f S D  ( N )  
(c) P<O.OI re lahc to vehicle controls 
(d) All animals dead 
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TABLE F9. ORGAN WEIGHT ANALYSlS FOR MALE MICE ADMINISTERED CHLOROBENZENE IN THE ISWEEK STUDY 

DOW 
Group Find Kidney Testis' 

(me/kI) N Body Weight Llver' (right) Lungb Spleen' Heart Thymusb Brain' 
~ 

Vehicle 
Control IO Absolute 

Organ/ Body 

60 10 A ~ S O ~ U I C  

Organ/ Body 

125 IO Absolute 

OrganlBody 

2.50 4 Absolute 

Organ/ Body 

26 f I 1.075 f 0.072' 
0.415 f 0.022' 

0.227 f 0.017 

0.875 f 0.058 

26 f I 

25 f 2 

26 f 2 

I .074 f 0.074 
0.422 f 0.035 

1.181.f 0.0137~ 
0.472 f 0.030' 

1.457 f 0. 184d 
0.559 f 0.028' 

0.208 f 0.0 I6 
0.8 I5 f 0.064 

0.223 f 0.017 
0.892 f 0.108 

0.239 f 0.027 
0.9 I 8 i 0.052 

0.249 f 0.036 

0.962 f 0.136 

0.200 f 0.017' 
0.784 f 0.052' 

0.219 f 0.037 
0.872 f 0.127 

0.254 f 0.020 
0.984 i 0.137 

0.063 f 0.006 

0.245 f 0.027 

0.054 f 0.007 
0.213 f 0.031 

0.060 f 0.009 
0.241 f 0.040 

0.062 f 0.01 I 
0.235 f 0.027 

0.164 f 0.014E 
0.632 f 0.048' 0. I5 f 0.04 

0.143 f0.015' 0.038 f0.008 
0.561 f 0.052' 0. I5 f 0.03 

0.145 f 0.010' 0.036 f 0.009 

0.578 f 0.059 0.15 f 0.05 

0.139 f 0.023d 0.033 f 0.016 
0.532 f 0.052' 0.13 t 0.07 

0.040 f 0.010 0.462i0.019 
0.179 f 0.012 

0.455 f 0.063 
0. I78 f 0.020 

0.438 i 0.021 
0.176fO.020 

0.442 f 0.017 
0.171 f0.012 

0.197 f 0.016 
0.763 f 0.072 

0.205 f 0.023 
0.802 f 0.074 

0.199 f 0.016 
0.793 f 0.067 

0.178 f 0.039 
0.694 f 0. I68 

~~ ~ - ~ 

Values a r c x  f SD 
(17) (Organ wt x IO) / body wt 
(b) (Organ wt )I 100) / body wt 
(c) Statistically significant (P<0.05) dose-related trend 
(d) Statistically (P<0.05) different from control 



TABLE F10. ORGAN WEIGHT ANALYSIS FOR FEMALE MICE ADMINISTERED CHLOROBENZENE IN THE IfWEEK STUDY 
- ~~~ ~ ~~ ~ ___ 

D- Flnal 
Group B a y  Kidney Ovuyb 

( W W  N Weight Liver' (right) Lungb Spleenb Heartb Thymub Brdn' ( W )  utetlab 

Vehicle 
Control 9 Absolute 21 f I 0.959 f 0.096d 0.167 f 0.020 0.201 f 0.028 0.071 f O.OIOd 0.124 f 0.01 I 0.042 f 0.006 0.461 f 0.022' 0.017 f 0.003 0.121 f 0.029 

Organ/ Body 0.453 f 0.018d 0.789 f 0.065' 0.952 f 0.1 14 0.336 f 0.043 0.586 f 0.022 0.20 f 0.03 0.219 f 0.010 0.078 f 0.015 0.575 f 0.133 

60 9 Absolute 22 f 2 1.056 f 0.140 0.162 f 0.017 0.225 f 0.060 0.076 f 0.010 0.1 I9 f 0.009 0.044 f 0.01 I 0.446 f 0.018 0.019 i 0.006 0.1 I6 f 0.024 
Organ/ Body 0.473 f 0.035 0.733 f 0.035 1.038 f 0.261 0.344 f 0.047 0.540 + 0.036 0.20 f 0.05 0.203 f 0.008 0.088 f 0.030 0.509 i 0.103 

125 IO Absolute 22f I 1.071 f0.079 0.165f0.013 0.222f0.046 0.066f0.006 0.119fO.016 0.042fO.005 0.449f0.019 0.022i0.005 0.108f0.033 
OrganlBody - 0.4% f 0.025 0.767 f 0.049 1.025 f 0.161 0.305 f 0.033 0.554 f 0.080 0.20 f 0.03 0.209 f 0.012 0.103 f 0.025 0.500 f 0.150 

250 6 Absolute 21 f I 1.227 f 0.065' 0.177 f 0.018 0.204 f 0.039 0.084 f 0.019 0.130 f 0.006 0.1 I7 f 0.168 0.445 f 0.023 0.021 f 0.009 0.104 f 0.018 
Organ/ Body 0.576 f O.OISc 0.831 f 0.060 0.939 f 0.132 0.394 f 0.079 0.609 f 0.049 0.55 f 0.80 0.209 f 0.010 0.099 i 0.038 0.490 f 0.082 

500 3 Absolute 2Of3 1.617i0.179c 0.181 iO.018 0.213fO.031 0.068i0.016' 0.125i0.021 0.051 fO.019 0.415t0.021C 0.015iO.005 0.091 tO.043 
Organ/ Body 0.807 f 0.147e 0.908 f 0.190c 1.083 f 0.336 0.310 f 0.094' 0.644 f 0.054 0.23 f 0.07 0.207 t 0.030 0.076 f 0.025 0.434 f 0.148 

Values arc x f SD 
fa) (Organ wt x IO)/ body wt 
(6) (Organ wt x 100)/body wt 
(c) (Organ wt x lO00)jbody wt 
(d) Statistially significant (P<0.05) dose-related trend 
(e) Statistically (P<0.05) different from control 
v) N=2 for the spleen; a single animal was recorded as having a splenic weight of lox normal. despite (L lack of recorded gross or microscopic abnormality. 

The weight, therefore. was considered to k wrongly recorded and was censored from analysis. 
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APPENDIX G 

MEAN BODY WEIGHTS OF RATS AND MICE ADMINISTERED 
CHLOROBENZENE BY GAVAGE FOR TWO YEARS 
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TABLE G1. MEAN BODY WEIGHTS (RELATIVE TO CONTROLS) OF RATS ADMINISTERED 
CHLOROBENZENE BY GAVAGE FORTWO YEARS 

Weeks Vehicle Control Low Dose High Dose 
on Study Av. Wt. No. of Av. Wt. Wt. (percent No. of Av. Wt. Wt. (percent No. of 

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

MALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
22 
27 
31 
35 
39 
45 
49 
54 
58 
62 
67 
71 
75 
79 
83 
87 
91 
95 

100 

FEMALE 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
17 
22 
27 
31 
35 
39 
45 
49 
54 
58 
62 
67 
71 
75 
79 
83 
87 
91 
96 

100 

205 
221 
242 
258 
274 
286 
300 
309 
320 
328 
334 
336 
346 
353 
373 
396 
41 1 
419 
430 
439 
45 1 
462 
469 
470 
475 
478 
487 
485 
483 
478 
475 
468 
458 
45 1 

135 
149 
157 
161 
170 
173 
178 
180 
187 
189 
191 
194 
197 
198 
206 
214 
217 
220 
224 
23 1 
236 
246 
252 
251 
258 
265 
272 
276 
274 
280 
281 
289 
289 
29 1 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
48 
45 
43 
41 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
42 
42 
42 
40 
40 
40 
40 
40 
39 
39 
39 
38 
36 
34 
33 
33 
31 

208 
224 
241 
256 
268 
282 
295 
307 
314 
323 
331 
330 
343 
353 
368 
391 
407 
415 
426 
437 
447 
459 
469 
467 
474 
473 
483 
482 
475 
476 
472 
463 
462 
456 

130 
150 
155 
163 
169 
173 
177 
179 
185 
188 
192 
196 
198 
200 
207 
218 
220 
223 
229 
239 
245 
253 
259 
263 
273 
279 
292 
300 
300 
297 
302 
308 
305 
312 

101.5 
101.4 
99.6 
99.2 
97.8 
98.6 
98.3 
99.4 
98.1 
98.5 
99.1 
98.2 
99.1 

100.0 
98.7 
98.7 
99.0 
99.0 
99.1 
99.5 
99.1 
99.4 

100.0 
99.4 
99.8 
99.0 
99.2 
99.4 
98.3 
99.6 
99.4 
98.9 

100.9 
101.1 

96.3 
100.7 
98.7 

101.2 
99.4 

100.0 
99.4 
99.4 
98.9 
99.5 

100.5 
101.0 
100.5 
101.0 
100.5 
101.9 
101.4 
101.4 
102.2 
103.5 
103.8 
102.8 
102.8 
104.8 
105.8 
105.3 
107.4 
108.7 
109.5 
106.1 
107.5 
106.6 
105.5 
107.2 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
47 
47 
47 
47 
47 
46 
46 
46 
45 
42 
42 
39 
38 
35 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
46 
41 
41 
40 
40 
40 
40 
40 
40 
40 
40 
39 
36 
36 
36 
34 
32 
32 

205 
22 1 
238 
253 
266 
278 
291 
301 
312 
317 
324 
334 
340 
347 
364 
382 
400 
407 
417 
429 
44 1 
457 
463 
459 
470 
465 
476 
477 
475 
479 
475 
462 
46 1 
454 

133 
150 
157 
161 
166 
173 
176 
179 
184 
188 
190 
195 
196 
200 
204 
218 
220 
226 
23 1 
239 
247 
256 
264 
263 
274 
281 
294 
302 
300 
299 
304 
304 
309 
316 

100.0 
100.0 
98.3 
98.1 
97.1 
97.2 
97.0 
97.4 
97.5 
96.6 
97.0 
99.4 
98.3 
98.3 
97.6 
96.5 
97.3 
97.1 
97.0 
97.7 
97.8 
98.9 
98.7 
97.7 
98.9 
97.3 
97.7 
98.4 
98.3 

100.2 
100.0 
98.7 

100.7 
100.7 

98.5 
100.7 
100.0 
100.0 
97.6 

100.0 
98.9 
99.4 
98.4 
99.5 
99.5 

100.5 
99.5 

101.0 
99.0 

101.9 
101.4 
102.7 
103.1 
103.5 
104.7 
104.1 
104.8 
104.8 
106.2 
106.0 
108.1 
109.4 
109.5 
106.8 
108.2 
105.2 
106.9 
108.6 

50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
47 
45 
45 
45 
44 
44 
44 
44 
42 
41 
40 
38 
34 
30 
28 
27 

50 
50 
50 
50 
50 
50 
50 
48 
48 
48 
48 
47 
46 
46 
46 
46 
43 
41 
41 
41 
41 
41 
41 
41 
41 
41 
41 
40 
40 
39 
36 
35 
33 
32 

Chlorobenzene 170 



TABLE G2. MEAN BODY WEIGHTS (RELATIVE TO CONTROLS) OF MICE ADMINISTERED
CHLOROBENZENE BY GAV AGE FOR TWO YEARS

Weeks
on Study

MALE

0
1
2
3
4
5
6
7
8
9

10
11
12
13
17
22
27
31
37
39
43
49
53
58
62
67
72

80
84
88
92

100

FEMALE

0
1
2
3
4
5
6
7
8
9

10
11
12
13
17
22
27
31
37
39
43
49
53
58
62
67
72
76
80
84
88
92
96

100
105

Vehicle Control
Av.Wt

(grams)

23
25

30
31
34
30
30
31
32
33
33
34
34
35
36
37
40
39
40
40
41
41
42

8
42
43
43
42
42
41
39
39

17
20
21

22
23

1
23
25
26

26
26
27
29
31
30
31
32
32
33
34
35
36

ii
38
38
37
37
37
37
36
0

No. of
Survivors

50
50

50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
508
49
48
47
47
45
44s
so
50

50
508
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50
50

8
49
49
49
49
49
48
47
0

Av.Wt.
(grams)

24
26
27
29
31
33
30
30
31
31
34
34
35
35
36
38
38
39
39
40
40
41
42
42
42
43
41
42
42
41
41
40

8UV

16
19a
23
24
24
24
24
24
26
26
27
27
28
29
31
31
32
33
32
34
34
36
36
36
36
38
38
38
38
37
36
35
0

Low Dose
Wt. (percent
of controls)

104.3
104.0
100.0
96.7

100.0
97.1

100.0
100.0
100.0
96.9

103.0
103.0
102.9
102.9
102.9
105.6
102.7
97.5

100.0
100.0
100.0
100.0
102.4
100.0
97.7

102.4
97.6
97.7
97.7
97.6
97.6
97.6

100.0
100.0

94.1
95.0

100.0
104.8
104.5
104.3
104.3
109.1
104.3
96.0

100.0
100.0
103.8
103.8
103.7
100.0
100.0
103.3
103.2
103.1
100.0
103.0
100.0
102.9
100.0
102.9
100.0
100.0
100.0
102.7
102.7
100.0
97.3
97.2

No. of
Survivors

50
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
48
46
46
46
45
44
44
44
44
44
43
42
41
39
37
35
33

50
50
50
50
50
50

8
50
50
50
50
50
50
50
50
50
50
50
50
50
50
49
49
48
48
47
47
47
47
47
47
43
43
0

Av. Wt.
(grams)

23
25
25
28
29
31
28
30
31
31
32
33
34
34
35
37
39
40
40
41
41
41
42
42
43
43
42
43
43
43
42
41
40
39

17
20
21
22
23
23
23
23
25
26
26
26
27
27
27
29
30
31
32
33
33
33
34
35
36
36
37
38
38
38
38
37
37

35*
0

High Dose
Wt. (percent
of controls)

100.0
100.0
92.6

93lfi
91 i*
93.3

100.0
100.0
96.9
97.0

100.0
100.0
100.0
100.0
102.8
105.4
100.0
102.(5
102.!)
102.!)
100.0
102.4
100.1)
100.1)
102.4
100.1)
100.1)
100.1)
102.4
100.0
100.1)
102.6
100.0

100.0
100.0
100.0
104.8
104.5
100.0
100.0
104.5
108.7
104.0
100.0
100.0
103.8
103.8
100.0
100.0
96.8

103.3
103.2
103.1
103.1
100.0
100.0
100.0
100.0
102.9
102.8
100.0
100.0
102.7
102.7
100,0
100.0
97.2

-

No. of
Survivors

50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
48
48
47
47
47
47
47
47
47
45
45
43
43
43
41
38
35
32

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
49
49
49
49
49
49
48
48
48
48
47
47
47
46
46
46
43
42
0
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APPENDIX H 

HISTORICAL INCIDENCE OF TUMORS IN CORN OIL 
CONTROL F344/N RATS 
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TABLE H1. HISTORICAL INCIDENCE OF LIVER TUMORS IN MALE F344/N RATS RECEIVING 
CORN OIL BY GAVAGE (a) 

Laboratory 
Neoplastic Neoplastic Nodule 

Nodule Carcinoma or Carcinoma 

Battelle 

Gulf South 

Litton 

Mason 

Papanicolaou 

Southern 

2/100 (2%) (b) 2/100 (2%) 41100 (4%) 

71291 (2%) 31291 (1%) 10/291 (3%) 

7/50 (14%) 0150 (0%) 7/50 (14%) 

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

0/49 (0%) 0149 (0%) 0/49 (0%) 

41249 (2%) 0/249 (0%) 41249 (2%) 

High 
Low 

21/789 (2.7%) 7/789 (0.9%) 281789 (3.5%) 
3.81% 1.63% 4.07% 

7/50 21 50 7/ 50 
o/so 0/50 O/ 50 

(a) Data as of January 5, 1983 for studies of at least 104 weeks in the new NTP historical control data base 

(b) Includes this study; incidence was O/SO (0%) in the other study from Battelle. 
(c) Standard deviation. Range and SD are presented for groups of 35 or more animals. 

(from Technical Reports 193 forward). 
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APPENDIX I 

ANALYSIS OF PRIMARY TUMORS IN RATS AND MICE 
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TABLE II .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS 

Untreated Vehicle 60 120 
Control Con t r o I mg/kg mg/kg 

Subcutaneous Tissue: Fibroma 
Tumor Rates 

Overall (a) 4/50 (8%) 
Adjusted (6) 11.8% 
Terminal (r) 4/34 (12%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Tumor Rates 

Overall (a) 4/50 (8%) 
Adjusted (b) 11.8% 
Terminal (r) 4/34 (12%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Subcutaneous Tissue: Sarcoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (r) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Hematopoietic System: Mononuclear Cell Leukemia 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (r) 

Life Table 
incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Hematopoietic System: All Leukemia 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (r) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

12/50 (24%) 
32.2% 
9/34 (26%) 

19/50 (38%) 
44.5% 
I I 134 (32%) 

5/50 (10%) 
12.3% 
4/ 39 ( 10%) 

P=0.286N 
P=0.209N 
P=O. 146N 

7/50 (14%) 
16.7% 
51 39 ( 13%) 

P=0.238N 
P=O. I34N 
P=0.099N 

3 I50 (6%) 
6.7% 
I I39 (3%) 

P=0.269N 
P=O. I38N 
P=O. I76N 

51 50 (10%) 
11.5% 
2/39 (5%) 

P=0.54 I 
P=0.348N 
P=0.3 18N 

8/50 (16%) 
17.8% 
3/39 (8%) 

P=0.424N 
P=O. I52N 
P=O. I66N 

21 50 (4%) 
6.1% 
I /  32 (3%) 

P=0.302N 
P=0.207N 

P=0.2 18N 

2/50 (4%) 
6.1% 
1 I32 (3%) 

P=O. 137N 
P=0.088N 

P=0.080N 

0150 (0%) 
0.0% 
0132 (0%) 

P=O. I52N 
P=O. I5 1 N 

P=O. 121N 

9/50 (18%) 
24.3% 
5/32 (16%) 

P=O. 122 
P=0.224 

P=O. I94 

I 1 1  50 (22%) 
27.8% 
5/32 (16%) 

P=O. 195 
P=0.327 ' 

P=0.306 

2/50 (4%) 
6.4% 
1 I26 (4%) 

P=0.396N 
P=0.3 I 1 N 

P=0.2 18N 

3/50 (6%) , 

9.7% 
I 126 (4%) 

P=0.360N 
P=0.219N 

P=O. 159N 

I 150 (2%) 
3.6% 
0126 (0%) 

P=0.453N 
P=0.250N 

P=0.309N 

3 150 (6%) 
9.3% 
I 126 (4%) 

P=0.568N 
P=0.33 I N 

P=0.357N 

4/50 (8%) 
12.9% 
2/26 (8%) 

P=0.404N 
P=O. 167N 

P=O. I78N 
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TAR1.E II. ANAI.YSIS OF PRIMARY TUMORS IN MAI ,E  RATS (Continued) 

[Intreated Vehiclc 66 120 
Control Control mg/kg niglkg 

liver: Scoplrstic Nodule 
Tumor R;IICS 

O\crall ( t i )  4/50 ( W i )  
.ki,iustd ( I , )  10.4% 
'I'criiiin;il ((4) 2/34 (6Y) 

Sti i tkt ic i i l  'I'CSIS (d) 
I ili. l;ihlc 
In&icntal 'liimor Test 
C*t )e h ra n- Arm itii pe Trend Test 
Fishsr Esiict 'I'est 

Liver: Neoplastic Ncxlule or Carcinoma 
I iimor Rates 

Overall ( ( 1 )  4/50 (8%)  
Ad,juslrd ( I? )  10.45 
'Terminal ((4) 2 ' 34 (W'; ) 

S!: t I is t i~~i i l  TC~IS Cd) 
I I l i .  'l';lMs 
Iiic-idcntiil 'I'umor Test 
<'oclir;in-Armitape Trend Test 
Fisher Exact Test 

Pituitary: Adenoma 
I'unior Riites 

O\~crall ( ( I )  20'49 (41%) 

12 33 (369;) 
Adjiistcd 0,) 47.5% 
' I'crni i na I Its) 

S t ii I iat ica I ' I 'csts (d) 
I ilc '1';ibIc 
Iiicidcntiil Tumor Test 
Coch rii ii- Arm itape Trend Test 
t.'ishsr Fsiict 'lest 

I'ituitory: Adenoma, Adenocarcinoma or Carcinoma 
'I'll 1110 I. I<;ltcs 

O\,criill (11)  

Adi i iwd (h )  47.5% 
l'c rni i nn I (c) 

Si:iiisticnl Tests (d)  
I ilk 'I'iible 
Il1cideiitiil Tumor Test 
C'ochriin-Armitape Trend Test 
Fishcr Exact Test 

20 49 (4 I ["i ) 

12/33 (36%) 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (11) IO/ 49 (20%) 
Ad.justed (b) 27.2% 
'I'erminal ((0) 

I X s  '1';ibIc 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fishcr rsact Test 

8 ' 34 (24q ) 
Sr;ilistical 'I'csts (d) 

2 '50 (451 ) 
4.5% 
0 39 (oy) 

P=O.OoS 
P=O.O I I 
P=0.027 

4 50 (H(%) 
9.4:; 
2 39 (5V) 

P=0.033 
P=0.054 
P=O. I2 I 

10150 (209) 
24.2% 
8/39 (21%) 

P=O. I72N 
P=O. l09N 
P=0.047N 

12/50 (24%) 
28.30i 
91 39 (23%) 

P=O.OX4N 
P=0.044N 
P=O.O I6N 

I 1/49 (22%) 
25.7% 
7/38 (l8@+) 

P=0.23 I N 
P=O. I63N 
P=O.O63N 

4'49 ( W + )  
12.5% 
4 '32 (I37i) 

P=0.25.5 
P=0.290 

P=0.329 

4 49 (Xr ; )  
12.5' I 

4 32 (13r;) 

P=O.532 
P=O.570 

P=0.63 I 

9/42 (21%) 
27.4% 
7 '  30 (23%) 

P=0.477 
P=0.532 

P=0.534 

9/42 (21%) 
27.4% 
7/30 (23%) 

P=0.54 I N 
P=0.462N 

P=0.484N 

7/49 (140/0 
20.8% 
6/32 (19%) 

P=O.35 I N 
P=0.23 I N 

P=0.2 17N 

8/49 (Ih(,i) 
29.3% 
7 26 (27%) 

P=O.O IO  
P=0.02 I 

P=O.043 

8 49 (l6?[) 
2 9 3 ;  
7/26 (27%) 

P=0.048 
P=O.OX3 

P=O.IhX 

3/47 ( 6 ( ; )  
10.6@4 
2 25 (8%) 

P=O. I62N 
P=O.IOIN 

P=0.046N 

3 47 (69i) 
10.6Y 
2 /25  (8%) 

P=O.OXAN 
P=O.O44N 

P=O.O ISN 

5/49 (10% 1 
19.2% 
5/26 (19%) 

P=0,290N 
P=0.204N 

P=O.OSSN 
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (Continued) 
~ 

Untreated Vehicle 60 120 
Control Control mg/kg mg/kg 

Thyroid: Follicular Cell Adenoma, Adenocarcinoma or Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (6) 
Terminal (c) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Thyroid: C-cell Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (c) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Testis: Interstitial Cell Tumor 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (c) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

1/49 (2%) 
2.9% 
1 I34 (3%) 

6/49 (12%) 
16.0% 
3 I34 (9%) 

47/50 (94%) 
100% 
34/34 (100%) 

21 50 (4%) 
5.1% 
2/39 (5%) 

P=0.563N 
P=0.563N 
P=0.458N 

6I 50 ( 12%) 
14.9% 
5/39 (13%) 

P=0.414N 
P=0.404N 
P=0.264N 

44/50 (88%) 
93.6% 
36/39 (92%) 

P=0.002 
P=0.022 
P=0.440N 

Testis: Interstitial Cell Tumor or Interstitial Cell Tumor, Malignant 
Tumor Rates 

Overall (a) 411 50 (94%) 451 50 (90%) 
Adjusted (b) 100% 93.7% 
Terminal (c) 34/34(100%) 36/39 (92%) 

Life Table P=O.004 
Incidental Tumor Test P=0.054 
Cochran-Armitage Trend Test P=0.323N 
Fisher Exact Test 

Statistical Tests (d) 

Tunica Vagindis: Mesothelioma 
Tumor Rates 

Overall (a) 0150 (0%) 3 I50 (6%) 
Adjusted (b) 0.0% 7.7% 
Terminal (c) 01 34 (0%) 3/39 (8%) 

Life Table P=0.3 16N 
Incidental Tumor Test P=0.261 N 
Cochran-Armitage Trend Test P=0.202N 
Fisher Exact Test 

Statistical Tests (d) 

3/49 (6%) 
9.4% 
3/32 (9%) 

P=0.410 
P=0.4 I O  

P=0.490 

5/49 (10%) 
15.6% 
5/32 (16%) 

P=0.6 I5 
P=0.59 1 N 

P=0.5 14N 

43/49 (88%) 
97.7% 
31 132 (97%) 

P=O. I I O  
P=0.288 

P=0.606N 

43/49 (88%) 
97.7% 
3 1 I32 (97%) 

P=O. I55 
P=0.390 

P=0.486N 

1 150 (2%) 
3.1% 
I 132 (3%) 

P=0.378N 
P=0.378N 

P=0.309N 

1/43 (2%) 
3.8% 
I 126 (4%) 

P=0.640N 
P=O.WN 

P=0.557N 

3/43 (7%) 
11.5% 
3/26 (12%) 

P=0.472N 
P=0.463N 

P=0.324N 

43/50 (86%) 
100.0% 
26/26 ( 1Wo)  

P=0.003 
P=0.035 

P=0.500N 

431 50 (86%) 
100.0% 
261 26 ( 100%) 

P=0.006 
P=0.080 

P=0.380N 

I 150 (2%) 
3.1% 
0126 (0%) 

P=0.453N 
P=0.368N 

P=0.309N 
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TABLE II. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (Continued)

All Sites: Mesothelioma
Tumor Rates

Overall (a)
Adjusted (b)
Terminal (c)

Statistical Tests (<l)
Life Table
Incidental Tumor Test
Cochran-Armitage Trend Test
Fisher Exact Test

Untreated
Control

1/50(2%)
2.0%
0/34(0%)

Vehicle
Control

3/50(6%.)
7.7%
3/39(8%)

P=0.432
P=0.565
P=0.594

60
mg/kg

1/50(2%)
3.1%,
1/32(3%)

P=0.378N
P=0.378N

P=0.309N

120
mg/kg

3/50(6%)
9.3%
0/26(0%)

P=0.484
P^O.649

P=0.66I

(a) Number of tumor bearing animals/ number of animals examined at the site.
(b) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality.
(c) Observed tumor incidence at terminal kill.
(d) Beneath the control incidence are the P-values associated wi th the trend test. Beneath the dosed group

incidence are the P-values corresponding to pairwisc 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 te->t regards these lesions as non-fatal. The Cochran-
Armitage and Fisher exact tests compare directly the owrull incidence rates. A negative trend or lower
incidence in a dosed group is indicated by (N),
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TABLE 12. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS 

ZJntreated Vehicle 60 i20 
Control Control mg/kg mg/kg 

Hematopoietic System: Mononuclear Cell Leukemia 
Tumor Rates 

Overall (a) 3'49 (65V) 
Ad.iusted (b) 7.5% 
l'crminal ((*) 2' 36 (6%') 

St;itistical Tests (d) 
I . i lk Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Hematopoietic System: Undifferentiated Leukemia 
Tumor Rates 

Overall (a) 0149 (0%) 
Adjusted (b) 0.0% 
Terminal (c-) 0/36 (0%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Hematopoietic System: All Leukemia 
Tumor Rates 

Overall (a) 9/49 (18%) 
Adjusted (b) 22.3% 
Terminal ((4) 61 36 ( 17%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (Cl) 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (a) 9/49 (18%) 
Adjusted (h) 22.3% 
Terminal ((9 6 /  36 ( 17%) 

Statistical (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Adenoma 
Tumor Rates 

Overall (a) 27/48 (56%)) 
Adjusted (b) 63.6% 
Terminal ((,) 20i35 (57%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

5'50 (10%)) 
15.2% 
3'29 (10%) 

P=0.093 
P=0.04 I 
P=0.067 

31 50 (6%) 
9.6% 
2/29 (7%) 

P=0.058N 
P=O.O6 I N 
P=0.060N 

8/50 (16%) 
24.1% 
5/29 (17%) 

P=O.3 I7 
P=O. I96 
P=0.263 

9/ 50 ( 18%) 
27.2% 
6/29 (21%) 

P=O.408 
P=0.287 
P=0.354 

23/46 (50%) 
67.0% 
16/27 (59%) 

P=0.027N 
P=O.O 16N 
P=0.036N 

8/50 (16%) 
22.8% 
3/30 (10%) 

P=0.304 
P=0.257 

P=0.277 

I /so (2%) 
2.7%) 
0/30 (0%) 

P=0.304N 
P=O.3 12N 

P=0.309N 

IO/ 50 (20%) 
26.8% 
3/30 (10%) 

P=0.426 
P=0.4 18 

P=0.398 

l0/50 (20%) 
26.8% 
3/30 (10%) 

P=0.523 
P=0.533 

P=0.500 

18/46 (39%) 
56.1% 
15/29 (52%) 

P=O. 146N 
P=0.252N 

P=0.20 I N 

I I / 50 (22%) 
30.0% 
6/31 (19%) 

P0.I 16 
P=o.o55 

P0.086 

0/50 (0%) 
0.0% 
0/31 (Wr) 

P=O. I 12N 
P=O. 105N 

P=O. 12 I N 

I I / 50 (22%,) 
30.0% 
6/31 (19%) 

P0.359 
P=0.258 

P=0.306 

I I / s o  (22%) 
30.0% 
6/31 (19%) 

F0.456 
P=O. 3 5 7 

P=0.402 

13/43 (309%) 
4 I .6% 
9/26 (35%) 

F0.039N 
P=0.02 1 N 

P=0.046N 
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TAB1.E 12. ANALYSIS OF PRIMARY TZJMORS IN FEMALE RATS (Continued) 

Untreated Vehicle 60 120 
Control Control mg/kg mg/kg 

Pituitarv : Adenoma or Carcinoma 
I i it i ior Rates 

( h c r a l l  (N)  28/48 (58%) 
.\tl,iusted (h) 64.5% 
Terminal ((8) 20135 (57%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Stntistical Tests (d) 

Adrenal: Pheochromocytoma 
Tumor Rates 
' Overall (a) 31'49 (6%) 

Adjusted (h) 8.3%' 
Terminal ((8) 8/36 (8%) 

I .ire Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fishcr Exact Test 

Statistical Tests (d) 

Thyroid: Follicular Cell Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 
Ad.jiisted (h) 
Tcrminal ((5) 

I.ifi. Inble 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statktical Tests (L/) 

Thyroid: C-cell Carcinoma 
Tumor Rates 

Oierall (a) 
Adjusted (h) 
Terminal ((8) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Mammary Gland: Fibroadenoma 
'I t i t i ior Rates 

Ovcrall (N)  
Adjuhted (h) 
Terminal ((a) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Statistical Tests (d) 

0'49 (0%) 
0.0% 
0136 (0%) 

3 149 (6%) 
8.3%) 
3/36 (8%) 

7/49 (1%) cf) 
17.6% 
5/36 (14%) 

23/46 (50%) 
67.0% 
16/27 (59%) 

P0.027N 
P=O.O 16N 
P=0.037N 

1/49 (2%) 
3.6% 
I 128 (4%) 

P=0.444 
P=0.427 
P=0.406 

0149 (0%) 
0.0% 
0129 (0%) 

P=O.09 1 
P=0.082 
P=0.082 

4/49 (8%) 
13.8% 
4/29 (14%) 

P=0.088N 
P=O.O88N 
P=O. I O  1 N 

7/50 (14%) 
23.1% 
6/29 (21%) 

P=OS 17N 
P=0.550N 
PzO.560 

19/46 (41%) (e) 13/43 (30%) 
59.2% 
16/29 (55%) 

P=O. 195N 
P=0.333N 

P0.265N 

4/49 (8%) 
13.1% 
3/29 (10%) 

P=O. I89 
P=O. I89 

P=O.181 

2/49 (4%) 
6.5% 
I i 30 (3%) 

P=0.247 
P=0.212 

P=O .247 

1/49 (2%) 
3.3% 
I / 30 (3%) 

P=O. 167N 
P=O. 167N 

P=O. I8 I N  

5/50 ( IO%)  
14.9% 
3,'30 (10%) 

P=0.364N 
P=0.372N 

P=0.380N 

41.6% 
9/26 (35%) 

P0.039N 
P0.02 I N 

P=0.046N 

2149 (4%) 
6.5% 
2/31 (6%) 

P=0.536 
P=0.536 

P=0.500 

3/49 (6%)) 
9.7% 
3/31 (10%) 

P=O. 132 
P=O. 132 

P0.121 

1149 (2%) 
3.2% 
1/31 (3%) 

P=O. 158N 
P=O. 158N 

P=O. I8 1 N 

7/50 (14(%) (g) 
21.7g 
6 \ 3 1  (19%) 

P=0.570N 
P=0.604N 

P=0.6 I3 
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TAB1.E It. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (Continued) 

Untreated Vehicle 60 120 
Control Control mg/kg mg/kg 

Mammary Gland: All Adenoma 
Tiimor Ratch 

O\.crilll ( ( / I  9/49 (18'%) (/3 9/50  (18%,) 7/50 (l4%,) 7 /50  (14%)) (rr) 
Adiusted ( 1 3 )  2 I .2% 27.9% 21.2%' 21.7% 
'I'crminal ((0) 5/36 (14q) 71 29 (24%)) 5/30 (1794) 6/31 (19%) 

Statistical Tests ((1) 
Life Table P=0.30 I N k0.378N P=0.354N 
Incidental Tumor Test P=0.325N P=O.38 I N F 0 . 3 8  I N 
Cochran-Armitage 'Trend Test P=0.339N 
Fisher Exact Test P=0.393N R0.393N 

[herus: Endometrial Stromal Polyp 
Tumor Rates 

Ovcrall (u) 9/49 (18%') 16/50 (32%1) 4/49 (8%~) 10/50 (20%) 
Adjusted (h) 23.2%) 5 I .3% 1 3 . m  29.3% 
Terminal ((9 71 36 ( l 9 (~ , )  14/29 (48%') 4 /30  (1390 8/31 (26%) 

Life Table P=0.060N P=0.002N P=0.090N 
Incidental Tumor Test P=0.059N P=0.002N P=0.088N 
Cochran-Armitage Trend Test P=0.085N 
Fisher Exact Test P=0.003N P=O. I27N 

(a) Number of tumor bearing animalsinumber of animals examined at the site. 
(h) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) Observed tumor incidence at terminal kill. 
(d) Beneath thc control incidence are the P-values associated with the trend test. Beneath the dosed group 

incidencc are the P-values corresponding to pairwise comparisons between that dosed group and the vehicle 
controls. The life tiihle 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 non-fatal. 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). 

( i i )  One animal had both ii carcinoma and an adenocarcinoma. 
(1) One onimal also had a papillary adenocarcinoma. 
(g) One animal also had a fibroadenocarcinoma. 

Statistical Tests ((1) 
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TABLE 13. ANALYSIS OF PRIMARY TUMORS IN MALE MICE 

Untreated Vehicle 30 60 
Control Control mg/kg mg/kg 

Skin or Subcutaneous Tissue: Sarcoma, NOS 
Tumor Ratch 

Overiill ( i i )  I/50(2%) 

'I'cmiinal (c) 0135 (0%) 

I.ilc I;ihlc 
Iiici(lcnt;il Tumor Test 
C'ocliran-Armitage Trend Test 
Fihhcr Esact Test 

Adjusted (b)  2.3%) 

St;rtistiL';iI Tests ( c l )  

Skin o r  Subcutaneous Tissue: Fibrosarcoma 
' I 'umor Rates 

o\cr ; l l l  (0)  0 50 (OV) 
\ti!uxlcd lh) 0.0% 
I L'I min;iI ( 1 . )  0135 (0%) 

Siiiii\iical Tests  Id) 
I itc 'I'iihlc 
I iiL,itlcnt;il 'I'unior Test 
~ ' o ' h r i i  n-Arniitiigc Trend Test 
I.'i>licr Fsiict 'l'cst 

Skin o r  Subcutaneous Tissue: Neurofibrosarcoma 
'l'iimor. Rates 

o \c ra l l  ((1) 0 SO (O( ' i  
Adiustcd I / ) )  0.WO 
T c m i  ii;( I (c) 

I . i lc  l'ahlc 
Incidcntal Tumor Test 
Cochran-Armitage Trend Test 
Fisher Esact Test 

0135 (OYo 
Stati5tical Tests ((l) 

Skin o r  Subcutaneous Tissue: Sarcoma, All Types 
I l l l 1 l O I  Riites 

O\crrill (u) 1 I 50 (2%) 
Adjusted (h) 2.3% 
Terminal (c) 0/35 (0%) 

Stotixtical Tests (d) 
I .ile Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Esact Test 

Lung: Alveolar1 Bronchiolar Adenoma 
Tumor Rates 

Overall (a) 
Ad.iusted (b) 14.3%' 

5,' 50 ( IO%,) 

Terminal (c) 5/35 (14%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests ((1) 

2/50 (4%) 
4.5% 
I I39 (39%) 

P=0.055 
P=0.126 
P=O.O80 

Oi50 (0%) 
0.094 
0139 (0%) 

P=O.295 
P=0 .3 22 
P=0.33 1 

3/50 (6%) 
6.9% 
0 39 ((I(';) 

1'=0.500 
P=0.355N 
P=0,399N 

5150 (10%) 
l l . l ( ~  
1/39 (3%) 

P0.082 
P=0.204 
P=0.141 

4 /50  (8%) 
9.8% 
3/39 (8%) 

P O .  I70 
P=O. I99 
P=0.286 

2/50 (4%) 
7.194, 
2/28 (7%) 

P=0.590 
P=0.602 

R0.691 

Ii50 (2%) 
2.5% 
0128 (0%) 

P=0.472 
P=0.545 

P=0.500 

1/50 (2% 
3.6% 
1 28 (4f'i)  

P=0.388N 
P=O. 176N 

P=0.309N 

P=0.625 
P-0.456N 

F0.500N 

3/49 (6%) 
II.l% 
3/27 (I 1%) 

P=0.626 
F0.626N 

P=OS 1 I N 

6 ,  50 ( 12% ) 
15.5% 
1/29 (3%) 

P=o.o95 
k0.260 

F0.134 

1/50 (2%) 
3.4% 
1\29 (3%) 

P=0.441 
F.0.441 

P=O.SO 

2150 (4%) 
6.9% 
2 /29  (7%) 

P4 .606  
P=0.392N 

P a ,  SOON 

9/50 (18%) 
24.5% 
4/29 (14%) 

F0.I 16 
P0.350 

F0.194 

6/49 (12%) 
19.2%- 
5/29 (17%) 

P=0.221 
P0.276 

P0.357 
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TABLE 13. ANALYSIS OF PRIMARY TUMORS IN M A L E  MICE (Continued) 

Untreated Vehicle 30 60 
Control Control mg/kg mg/kg 

Lung: Alveolar/Bronchiolar Carcinoma 
Tumor k i t e s  

Overiill ( I I )  1/50 (2%) 2/50 (4% 1 
Ad,iusted (b) 2.9% 4.7% 
Tcrnlinal (v) 1 '35 (3%) 1/39 (3%) 

I . i k  'I;ihlc P=0. I73 

('ochril ii-Armitape Trend Tcst P=0.232 
Fishcr Exact Test 

Stiitisticiil Tcsts ( (1) 

llltilcntiil Tumor 'I'cst P=0. 207 

I.ung: AIveolar/Bronchiolar Adenoma or Carcinoma 
Tumor I<iitcs 

0vcr;ill (u) 5/50 (10%) 61 50 ( I2V.) 
Adjusted (b) 14.3% I4.3?$ 
Tcrniiniil ((e) 5/35 (14%) 4/39 (10%) 

IXe Table P=O.M6 
Incidental Tumor Test P=O.OK~ 
Cochran-Armitage Trend Test P=0. 143 
Fisher Exact Test 

Statistical Tests ((1) 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Tumor Rates 

O\.crall fu) 0 '50 (0"i ) 2'50 (496) 
Ad,justcd (b) 0.0% 4.2% 
7'crIllitli\l (c) W35 (0%) 0 39(0q) 

[.ilk 'I'iihk P=0.336 

Coch rii i i 4  rmitape Trend Test P=0.4 I 7  

Stiitistii.;iI Tests ((1) 

Incidciltiil Tumor Test P=0.577N 

Fisher Exact Tcst 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Tul11or HiltCs 

O\wall fct) I '50 (2%) 2/50 (4%) 
Adjusted f h )  2.9% 5.1% 
lerminal ft.) 1/35 (3%) 2/39 (5%#) 

IXe l'ahle P=0.298 
lncidcntal Tumor Test P=0.4 I I 
Cochriin-Amlitage Trend Test P=0.412 
Fisher Exact Test 

Statistical Tests (d) 

Hematopoietic System: Lymphoma, Al l  Malignant 
Tunior kites 

Overitll (N)  3/50 (6%) 5/50 (10%) 
Ad,iustcd (b) 8.6% I I . 2 9  
' le  I'M i 1x1 I (c) 3/35 (9%) 2/39 (5%) 

I .ire 'l'iible P=0.203 
lncidcntal Tumor 'Tcst P=0.464 
C'och ru n- Armitape 'Trend Tcst 1'=0.333 
Fisher Exact Test 

Stiitisticiil Tcsts (d) 

1/49 (2% 1 
3.7% 
1/27 (4%) 

P=O.M7N 
P=0.559N 

P=O.508N 

4/49 (8%) 
14.8% 
4127 (15%) 

R0.587N 
P=0.508N 

P=0.383N 

4/50 (8%) 
12.904 
2 2x ( 7 ' r )  

P=(J.M 
P=O 392 

P=O 730 

3 so fh ' r )  
10.0'; 
2 ' 28 (7% ) 

P=0.364 
P=0.432 

P=0.500 

9,50(IR%) 
27.5% 
5 2 x ( t x q )  

P=0.094 
P=0.219 

P=0. 194 

4\49 (8% 
11.6% 
2 29 (7% 

P=0.248 
P=0.3 I I 

P=0.329 

10149 (2WA) 
29.6% 
7/29 (24%) 

P=0.094 
P=0. I36 

R0. 194 

3 50(6%) 
7.5% 
0 29 (0%) 

1'=0.447 
I':O,mlS 

l'=O,StM) 

3/50 (6%) 
9.2% 
I 1 29 (3%) 

P0.386 
P0.524 

P=0.500 

7 150 ( 14%) 
19.099 
2 29 (79;) 

P=0.263 
P=0.580 

RO.380 
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TAB1.E 13. ANALYSIS OF PRIMARY TUMORS IN M A L E  MICE (Continued) 

Untreated Vehicle 30 60 
Control Control mg/kg mg/kg 

Circulatory System: Hemangioerrcoma 
Tumor Rilles 

01 crall ((1) 31 50 (696) 
Adjustcd (h) 8.1% 
'I crminiil ((a) 2/35 (6%) 

S t iIt ist icil I Tests (d) 
I ilk 'I'iihlc 
1irc.idcirtal Tumor Test 
('ochriin-Armittige Trend Test 
I . id i1 -r  Fuact Icst  

Circulatory System: Hemangioma or Hemangiosarcoma 
Tumor Rates- 

Overall (N )  

AdJusted Ih) 
Tcrminal (18) 

I .ife -Table 
Incidental Tumor Test 
Cochriin-Armitap Trend Test 
Fisher Exact Test 

- 

Statistical Tests (d) 

Liver: Adenoma 
Tumor Ratcs 

Ovcrall (a) 
Adjusted (h) 
Terminal (1.) 

I.ifc Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Siiitisticiil Tcsts (d) 

Liver: Carcinoma 
Tumor Rates 

Overdl (u) 
Ad.iusted (h) 
Terminal ((a) 

I.ik Table 
Incidental Tumor Test 
Coch ra n-A rmitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (h) 
Terminal (1.) 

I.ifc Table 
Incidental Tumor Test 
C'ochran-Armitage Trend Test 
lishcr Exact Test 

Stiitisticiil 'Tests (d) 

3/50 (6%') 
8.1% 
21 35 (6% 1 

7/ 50 (14%) 
19.1% 
6/35 (17%) 

14/50 (28%) 
36.3% 
1 I / 35 (31%) 

19/50 (38%) 

16/35 (4%) 
49.6%3 

21 50 (4%') 
4.994 
I / 39 (3%)) 

P=0.3 I2 
P=0.474 
P=0.4 I2 

2/50 (4%) 
4.9% 
1/39 (3%) 

PO.306 
P=0.458 
P=0.4 I7 

5/50 (IO'??) 
12.4%) 
4/39 (10%) 

P=0.360 
P=0.400 
F0.539 

12/50 (24%') 

9/ 39 (23%) 

P=0.4 I3 
P=0.534N 
P=0.404N 

28.1% 

16/50 (32%) 
37.794 
13/39 (M%#) 

P=0.332 
P=0.47 I 
P=0.423N 

3/50 (6%) 
8.8% 
I I28 (4%) 

P=0.400 
P=0.545 

P=0.500 

4/50 (8%) 
12.1% 
2/28 (7%) 

P0.237 
P=0.348 

P=0.339 

5/49 (10%) 
17.9% 
5/28 (18%) 

P=0.425 
P=0.474 

P=0.6 I7 

13/49 (27%) 
4 I .W?8 
IO/ 28 (36%) 

P0.207 
P=0.325 

P=0.477 

15/49 (31%) 
47.6%) 
I21 28 (43%) 

P0.288 
P=0.4 I9 

P=0.527N 

3/50 (6%) 
9.6% 
2129 (7%) 

P=0.392 
F0.524 

P0.500 

3/ 50 (6%) 
9.6% 
2/29 (7%) 

P=0.392 
P=0.524 

P=O. 500 

5/48 (10%) 
16.4% 
4/28 (14%) 

P=0.442 
P=OS I I 

P=0.603 

10/48 (21%) 
3 I .20/, 
7/28 (25%) 

P0.495 
R0.543N 

P=0.447N 

14/48 (29%) 
42.4% 
10128 (36%) 

P-0.394 
P-0.547 

P=0.466N 
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TABLE 13. ANALYSIS OF PRIMARY TZJMORS IN MALE MICE (Continued) 

Untreated Vehicle 30 60 
Control Control mg/kg mg/kg 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (a) 1/46 (2%)) 2/50 (4%) 3/47 (6%) 0147 (0%) 

Terminal (c) 0134 (0%) I / 39 (3%) 2/28 (7%) 0128 (0%) 

Life Table P=0.29 I N P0.379 P=0.297N 
Incidental Tumor Test P=0.209N P= 0.470 P=0.22 1 N 
Cochran-Armitage Trend Test P=0.2 19N 
Fisher Exact Test P=0.470 P=0.263N 

Ad.justed (h) 2.6% 4.8% IO.O%I 0.0% 

Statistical Tests (d) 

(a) Number of tumor bearing animalsinumber of animals examined at the site. 
(h) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) Observed tumor incidence at terminal kill. 
( ( I )  Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed group 

incidence are the P-values corresponding to pairwise comparisons between that dosed group and the 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 non-fatal. The Cochran- 
Armitage and Fisher exact tests compare directly the overall incidence rates. A negative trend or lower 
incidence in a dosed group is indicated by (N). 
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TAB1.E 14. ANALYSIS OF PRIMARY TlJMORS IN FEMALE MICE 

Untreated Vehicle 60 120 
Control Control mlllkll mg/kg 

Subcutaneous Tissue: Sarcoma 
Tumor Rates 

O\,crall ( ( I )  0/50 (0%) 
Ad,iustcd (h) 0.0% 
I criiiiiial (c) 0137 (0%) 

life 'Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical I'CSIS (d) 

I m g :  Alveolar/Bronchiolar Adenoma 
'I'\lliior Riltes 

O\craII ((I) 3/49 (6%) 
Ad,justcd fh)  8,194 
I'crniintil (c) 3/37 (8%) 

Lite Tiihle 
liicidcntal Tumor Test 
Cochriln-Armitiige Trend Test 
tidier Exact Test 

Statisticril Tests (d) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 4/49 (8%) 
Ad,justed (h) IO.8% 
Terminal ( ( 8 )  4/37(11%r) 

I.ife Tiihle 
Incidclitiil Tumor Test 
Cochtan-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

21 50 (4%) 
4.7%) 
1/40 (3%) 

P=0.385 
P=0.502 
P=0.4 I2 

1/50 (2%) 
2.5% 
1/40 (3%) 

P=O. I87 
P=O. 187 
k0.202 

1/50 (2%) 
2.5% 
I 140 (3%) 

P.0.052 
P=0.050 
P=O.O60 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Tumor Rates 

Overall ((0 61 50 ( 12%) 61 50 ( 12%) 
Adiusted (b) 13.8% 13.1% 
1 crniinal (c) 2/37 (5%) 3/40 (7%) 

life Table P=0.316N 
Incidental 1 umor Test P=O. 186N 
Cochran-Armitage Trend Test P=0.283N 
Fisher Exact Test 

St;itistical Tests (d) 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Tumor Rates 

Overall lu) 6 /  50 ( 12%) 4/50 (8%) 
Adjusted (h) 15.2% 9.6% 
I'crminal (c)  5/37 (1496) 3/40 (7%) 

life Table P=0.290 
Incidental Tumor Test P=0.276 
Cochran-Armitage Trend Test P-0.322 
Fisher Exact Test 

Statistical Tests (L/) 

3/ 50 (6%) 
6.5% 
0141 (0%) 

P=0.483 
P=0.347 

P.O.500 

I I50 (2%) 
2.4%) 
1/41 (2%) 

P=0.756N 
P=0.756N 

P=0.753 

2/50 (4%) 
4.5% 
1/41 (2%) 

P=O.50 I 
P=0.459 

P.0.500 

I 150 (2%) 
2.4% 
1/41 (2%) 

P=O.W5N 
F0.059N 

P.0.056N 

8/50 (16%) 
18.2% 
6/41 (15%) 

P=O. I88 
P=O. I84 

P.O. I78 

3/50 (6%) 
7.1% 
1/38 (3%) 

P=0.479 
P=0.640 

P=0.500 

3/50 (6%) 
7.9% 
3/38 (8%) 

P=0.287 
P=0.287 

P=0.309 

5/50 (10%) 
13.2% 
5/38 (13%) 

P=O.09 I 
P-0.09 I 

P.O.  102 

4/50 (8%) 
8.8% 
I I 3 8  (3%) 

PO.412N 
P-0.274N 

k0.370N 

6/50 (12%) 
15.8% 
6/38 (16%) 

P=O.338 
R0.326 

P=0.370 
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TABLE 14. ANAI.YSIS O F  PRIMARY TlJMORS IN FEMALE MICE (Continued) 

[Intreated Vehicle 60 120 
Control Control mg/kg mg/kg 

Hematopoietic System: Lymphoma, All Malignant 
Tumor Retch 

O\.crall ( N )  17/50 (3490 
Adiusted (h)  38.10/;' 
. I  criiiiiial ( 1 , )  10'37 (2754) 

I.ik 'l'ahle 
Incidental Tumor Test 
Cochran-Armitage Trcnd Test 
Fisher Fxact Test 

Stiltisticiil Tc>t> ((/) 

Hematopoietic System: 1,ymphoma or Leukemia 
Tumor Rates 

O\,erall (u) 17/50 (34%) 
Adjusted (h) 38.1%' 
Terminal (c) 10137 (27%)) 

Statistical Tests (d) 
life Table 
Iricidental Tumor Test 
C'och ra n-A rmit age Trend Test 
Fisher Esact Test 

Circulatory System: Hemangiosarcoma 
Tumor Rates 

O\.crnll (a) 0 50 (0%) 
Adjusted (h) 0.0% 
Terminal (c) 0137 (0%) 

I .ifc Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

Circulatory System: Hemangioma or Hemangiosarcoma 
Tumor Rates 

Overall (a) 1 / 50 (2%)) 
Adjusted (b) 2.7% 
Terminal (c) I I37 (3%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests ((1) 

Liver: Carcinoma 
Tumor Rates 

Overall (a) 4/48 (8%) 
Adjusted (b) 10.8% 
Terminal (c) 4/37 ( I  1%) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests ((1) 

I I 50 (22f'i)) 
23.6% 
6/40 (15%) 

P=0.397 
P=O.44 I 
P=0.452 

121 50 (2476) 
25.5% 
6/40 (15%) 

P=0.485 
P=0.53 I 
P.0.547 

3'50 (6%) 
7.0% 
2/40 (5%) 

P=0.245N 
P=0.264N 
P=0.222N 

4/50 (8%) 
9.4% 
3/40 (7%) 

P=0.294N 
P=0.319N 
P=0.264N 

1 i 50 (2%) 
2.5% 
I 40(3%) 

P=0.570 
P=0.544 
P=0.594 

I I :50 (22%)  
24.6% 
8141 (20%) 

P=0.584 
P=0.563 

P=0.595 

I 1/50 (22%) 
24.6% 
8/41 (20%) 

P=0.505N 
P=0.555N 

P=O 500N 

2/50 (4%) 
4.9% 
2/41 (5%)  

P=O.50 I N 
P=O.S27N 

P=0.500N 

3/50 (6%) 
6.9% 
2/41 (5%) 

P=0.502N 
P=0.553N 

P=O . SOON 

5/50 (10%) 
11.4% 
3/41 (7%) 

P=O. I08 
P=0.079 

P=O. 102 

I2  50 (24%) 
27.8% 
8/38 (21%) 

PO.440 
P0.489 

P=0.500 

121 50 (24%) 
27.8% 
8/38 (21%) 

P=0.526 
P=0.576 

P=0.592 

I 50 (2%) 
2.3% 
0 i 38 (0%) 

P=0.335N 
P0.360N 

P=0.309N 

2/50 (4%) 
4.8% 
1/38 (3%) 

P=0.370N 
P=0.393N 

P=0.339N 

1 I50 (2%) 
2.6% 
1/38 (3%) 

P=0.750 
P0.750 

P=0.753 
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TABLE 14. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (Continued) 

Untreated Vehicle 60 120 
Control Control mg/kg mg/kg 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (e) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Adenoma 
Tumor Rates 

Overall (a) 
Adjusted (h) 
Terminal (e) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Pituitary: Adenoma or Carcinoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (e) 

Statistical Tests (d) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Uterus: Endometrial Stromal Polyp 
Tumor Rates 

Overall (a) 
Adjusted (h) 
Terminal ((9 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests ( ( I )  

Statistical Tests (d) 

Statistical Tests (d) 

Uterus: Leiomyosarcoma 
Tumor Rates 

Overall (a) 
Adjusted (b) 
Terminal (e) 

Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend Test 
Fisher Exact Test 

Statistical Tests (d) 

8/48 (17%) 
20.9% 
7/37 (19%) 

5,'41 (12% 
15.1% 
4/31 (13%) 

5 41 (12%) 
15.1% 
4/31 (13%) 

1/48 (2%) 
2.7% 
1/37 (39;) 

2/48 (4%) (e) 
4.7% 
I I37 (3%) 

2/50 (4%) 
5.0% 
2/40 ( S % )  

P=0.546 
P=0.525 
P=0.576 

4/39 (10%) 
12.1% 
4/33 (12%) 

P=O.44 I N 
P=O.44 I N 
P=0.424N 

4/39 (10%) 
12.1% 
4/ 33 ( 12%) 

P=0.553 
P=0.44 I N 
P=0.57 I 

3 / 50 (6%) 
7.5% 
3/40 (7%) 

P=0.433N 
P=0.456N 
P=0.4 I 5N 

0/50 (0%) 
0.0% 
0/40 (0%) 

P=0.62 I 
P=0.600 
P=0.629 

71 50 (14%) 
16.1% 
5/41 (12%) 

P=0.087 
P=0.067 

P=0.080 

1/38 (3%) 
3.2% 
1/31 (3%) 

P=O. 197N 
P=O. 197N 

P=O. I87N 

1\38 (3%) 
3.2% 
1/31 (3%) 

P=O. I97N 
P=O. I97N 

P=O. 187N 

I / 50 (2%) 
2.3% 
0/41 (0%) 

P=0.308N 
P=0.336N 

P=0.309N 

3/50 (6%) 
7.1% 
2/41 (5%) 

P=O. 123 
P=O. 102 

P=0.121 

2/50 (4%) 
5.3% 
2/38 (5%) 

P=0.676 
P=0.676 

P=0.69 I 

3/38 (8%) 
9.7% 
3/31 (10%) 

P=O. 535 N 
P=0.535N 

P=0.515N 

4/38 ( 1  1%) 
11.6% 
3/31 (10%) 

P=0.61 I 
P=0.535N 

P=O ,629 

2/48 (4%) 
4.9% 
I I37 (3%) 

P=0.536N 
P=0.55 I N 

P=0.520N 

0148 (0%) 
0.0% 
0/37 (0%) 

(0 
69 

(0 
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TABLE 14. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (Continued) 

(0) Number of tumor bearing animals/number of animals examined at the site. 
(b) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(c) Observed tumor incidence at terminal kill. 
(d) Beneath the control incidence are the P-values associated with the trend test. Beneath the dosed g o u p  

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 non-fatal. The Cochran- 
Armitage and Fisher exact tests compare directly the ovtrall incidence rates. A negative trend or lower 
incidence in a dosed group is indicated by (N). 

(e) One animal also had a leiomyoma. 
If) Not significant. No tumors in dosed or control groups. 
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APPENDIX J 

SENTINEL ANIMAL SEROLOGY DATA 
FOR THE CHLOROBENZENE BIOASSAY 
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APPENDIX J 

The serum samples of sentinel animals were evaluated for antibodies to the following viruses. 

M ice 
PVM - Pneumonia Virus of Mice 
Reo 3 - Reovirus Type 3 
GDVl I - Theiler’s Encephalomyelitis Virus 
Poly - Polyoma Virus 
MVM - Minute Virus of Mice 
Ectro - Ectromelia (Mouse Pox) Virus 
Sendai - Sendai Virus 
M.Ad - Mouse Adenovirus 
MHV - Mouse Hepatitis Virus 
LCM - Lymphocytic Choriomeningitis Virus 

Rats 
PVM 
KRV - Kilham Rat Virus 
H-I - Toolan’s H-I Virus 
Sendai 
RCV 

Serum samples were evaluated for antibodies to all the viruses listed above for each species. Only the 

Abbreviations used for tests to determine antibody titers are: 

- Rat Corona Virus - Sialodacryoadenitis Virus (RCV - SDAV) 

positive results (antibody titers) are presented in the accompanying Table. 

HI - Hemagglutination Inhibition Test 
C F  - Complement Fixation Test 
ELISA - Enzyme Linked lmmunosorbant Assay 
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TABLE J1. SUMMARY OF VIRAL ANTIBODY TITERS 

Six Months 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 

Twelve Months 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 

Eighteen Months 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 

Twenty Four Montb 

M 
M 
M 
M 
M 
F 
F 
F 
F 
F 

Sipimcant titer 

M - Male 
F - Female 
A - Serum agglutinates red blood cells 
TC - Scrum mail with control ontigcn 
AC - .Anticomplementary serum 
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APPENDIX K 

MUTAGENICITY TESTING OF CHLOROBENZENE 
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APPENDIX K 

Chlorobenzene was tested and evaluated blind in each of the four tester strains of Salmonella 
typhimurium using a preincubation modification (Yahagi et al., 1975) of the Salmonella assay (Ames et 
al., 1975). Strains of TA98 and TA1537 are more sensitive to chemicals that exhibit frameshift 
mutagenic activity; strain TA 1535 is more sensitive to chemicals that cause base-pair substitutions. 
Strain TA100 reverts by a variety of frameshift and base-pair substitution mutagens. Strain TAlOO has 
lost its specificity for base-pair substitution mutagens because of the addition of the plasmid (pK1Ol). 
Consequently, TA100 is not more sensitive to chemicals that cause base-pair substitution mutations. 

Chlorobenzene was solubilized in dimethyl sulfoxide (DMSO) and was incubated with the tester 
strains in suspension culture (20 minutes at 37OC). Soft agar was added, and the mixture was plated to 
detect revertant colonies. The colonies that are counted are not mutants. (They are mutant for some 
markers, but not for histidine, which is the marker that is being selected for prototrophy.) Thus, they 
are called revertants, not mutants. This is a reverse-mutation test, not a forward-mutation test. 
Exogenous metabolic activation was provided by liver S-9 preparations from Aroclor-1254 @-induced 
Sprague-Dawley rats and Syrian hamsters. Coded chemicals were tested at five doses in triplicate in 
each strain and. were retested at least 1 week later. 

Chlorobenzene 196 



TABLE K1. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA100 AT CASE WESTERN RESERVE UNIVERSITY TESTING 
FACILITY 

Number of Revertants per Plate 
Dose 

(Ccg/plate) Test Test Test 
(DMSO) (4 I II III 

A. No Activation 

0 
3.3 
10.0 
33.0 
100.0 
333.0 

I ,Ooo.o 
10,Ooo.o 
1 1.243.0 

153 f 2.0 

- 
- 

128 f 2.5 

94f 1.9 
97 f 2.0 
106 f 7.7 
104 f 7.4 
105 f 5.7 
862 1.3 
- 

84 f 7.3 
79 f 10.4 
86 f 4.5 
81 f 6.9 
83 f 7.1 
62 f 9.3 - 

Positive Control 436 & 7.0 343 f 16.6 654 i 34.9 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
3.3 
10.0 
33.0 
100.0 
333.0 

121 f 2.9 
122 f 6.6 
121 f 9.8 
111f 8.7 
176 f 77.4 
109 f 11.7 

135 f 7.4 
131 f 6.2 
131 f 3.2 
130i 8.1 
100 f 6.4 
109 f 6.5 

Positive Control 433 f 20.7 830 f 50.7 

C. Preincubation with Aroclor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
3.3 
10.0 
33.0 
100.0 
333.0 

110 It 3.8 
143 f 15.1 
142 f 8.6 
129 f 6.9 
147 f 4.1 
142 f 4.6 

120 f 5.1 
134 f 12.4 
135 f 11.3 
119 f 12.2 
110 f 5.4 
109 f 10.8 

Positive Control 555 f 17.7 1019 f 108.8 

The data are represented as revertant colonies per plate, 
l o w n  in table K9. 

f S.E.; positive control chemicals and doses are 

(a) DMSO = dimethyl sulfoxide (vehicle) 
(b) t = toxic (cytotoxic) to bacteria (subjective analysis) 
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TABLE K2. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA1535 AT CASE WESTERN RESERVE UNIVERSITY TESTING 
FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

7 f 0.3 
7 f 2.7 
6 f  1.2 
7 f 2.0 
7 f 0.9 
6 f 2.4 

6 f 0.6 
5 f 0.3 
5 f 0.0 
6 f 0.3 
6 f 0.3 
5 f 0.0 

281 f 4.4 214 f 38.4 Positive Control 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

9 f 0.3 
IO f 1.2 
8 f 1.2 
8 f. 0.6 
6 f 0.9 
7 f 2.6 

8 f 0.7 
7 f 1.0 
6 f 0.6 
6 f 0.3 
6 f. 0.6 
6 f 0.3 

Positive Control 22 f 3.4 42 f 12.5 

C. Preincubation with Aroclor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

IO k 0.6 
6 f 0.9 
8 f 1.5 
7 f 2.0 
IO f 0.9 
8 f 1.3 

8 f 1.2 
7 f 1.9 
6 f 0.9 
6 f 0.6 
7 f 0.7 
6 f 0.3 

Positive Control 39 5 5.9 51 f 6.4 

The data are represented as revertant colonies per plate, x f S.E.; positive control chemicals and doses are 
shown in table K9. 

(a) DMSO = dimethyl sulfoxide (vehicle) 
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TABLE K3. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA1537 AT CASE WESTERN RESERVE UNIVERSITY TESTING 
FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

2 f 0.3 
3 f 0.7 
3 f 1.0 
3 f 0.3 
5 f 2.4 
4 f 1.8 

3 f 0.6 
4 f 0.7 
4 f 0.7 
4 f 0.7 
5 f 1.7 
4 f 1.0 

Positive Control 137 f 11.7 I56 f 8.6 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

5 f 1.2 
9 f 3.2 
6 f 1.3 
6 f 0.9 
5 f 0.9 
8 f 0.3 

6 f 0.6 
7 k  1.9 
6 f 0.3 
5 f 0.9 
6 f 0.3 
6 f 2.0 

Positive Control 29 f 6.8 80 f 6.4 

C. Preincubation with Aroclor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

6 f 0.9 
6 f 1.3 
6 f 0.9 
4 f 0.3 
9 f 2.9 
6 f 3.1 

7 f 0.6 
6 f 0.6 
6 f 0.7 
6 f 0.3 
7 f 1.9 
6 f 0.6 

Positive Control 37 f 9.7 72 f 4.5 

The data are represented as revertant colonies per plate, 
shown in table K9. 

f S.E.; positive control chemicals and doses are 

(a) DMSO = dimethyl sulfoxide (vehicle) 
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TABLE K4. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA98 AT CASE WESTERN RESERVE UNIVERSITY TESTING FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

14 f 0.3 
I6 f 1.5 
12 f 3.5 
15 f 3.2 
IO f 0.7 
1 O f  1.5 

18 f 2.3 

16f  1.7 
14 + 2.7 
14 f 0.7 
I I  f 1.0 

18 f 3.2 

Positive Control 120 f 14.4 344 f 23.1 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

19 f 2.0 
22 f 2.5 
38 f 18.7 
19 f 2.4 
I8 f 2.9 
19 f 5.2 

25 f 3.2 
25 f 2.6 
21 f 3.0 
20 f 3.2 
20 f 4.2 
25 f 0.3 

Positive Control 370 f 15.9 913 f 89.3 

C. Preincubation with Armlor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
3.3 

10.0 
33.0 

100.0 
333.0 

20 f 5.8 
25 f 3.3 
19 f 4.7 
19 f 2.3 
22 f 2.7 
20 f 7.1 

22 f 2.3 
20 f 4.0 
20 f 3.0 
24 f 3.0 
27f  1.2 
15 f 3.6 

Positive Control 436 f 19.1 1086 f 38.4 

The data are represented as revertant colonies per plate, k f S.E.; positive control chemicals and doses arc 
shown in table K9. 

(a) DMSO = dimethyl sulfoxide (vehicle) 
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1'4RI.F h5. RESI'I.TS OF Mt'TAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURI(IM TA100 AT STANFORD RESEARCH INSTITUTE TESTING 
F 4 U 1 . I  T Y 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. 'So Activation 

0.0 
33.3 
100.0 
333.3 
666.7 

IoO.0 
3333.3 

I I I f 4.4 
II7 f 5.6 
103 f 6.0 
95 f 8.0 

93 f 5.7 s (b) 
- 

t (c) 

92 2 12.6 
102 f 7.5 
89 f 6.7 
81 + 8.6 
93 f 9.4 
76 12.5 s 

Positke Control 400 f 5.8 416 2 11.3 

B. Preincubation with Aroclor-l254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

1Ooo.o 
3333.3 

104 f 5.3 
I12 f 6.9 
107 f 8.7 
94 f 3.2 
80 f 9.8 s 
35 f 2.0 s 

I23 f 4.9 
86 f 7.5 
88 f 5.8 
78 f 6.6 
74f 12.1 s 
9 f. 9.3 s 

I'ositivc Control 867 f 37.5 549 f 71.3 

<'. Preincubation with Aroclor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
33.3 
Ioo.0 
333.3 

lOOO.0 
3333.3 

I13 f 5.9 
105 f 5.8 
91 f 10.1 
96 f 2.3 
93 f 5.0 
65 f 16.3 s 

98 f 6.7 
103 f 8.4 
92 f 3.5 

103 f 5.2 
95 i 4.5 
77 i 1.2 s 

Positive Control 1980f 10.9 21 15 i 14.6 
~ ~ ~~ ~ ~ ~ ~ ~~ ~~ ~ ~ 

The data are represented as revertant colonies per plate. 
shown in table K9. 

i S.E.; positive control chemicals and doses are 

(a) DMSO dimethyl sulfoxide (vehicle) 
(b) s = Slightly toxic (cytotoxic) to bacteria (subjective analysis). 
(c) t = Toxic (cytotoxic) to bacteria (subjective analysis). 
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TABLE K6. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA1535 AT STANFORD RESEARCH INSTITUTE TESTING 
FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
33.3 

100.0 
333.3 
666.7 

1Ooo.o 
3333.3 

I8 f 1.5 
28 f 1.5 
24 f 4.3 
14 f 2.9 

22 f 3.2 s (b) 
- 

t (c) 

20 f 4.4 
1 8 f  1.3 
I7 + 2.6 
I7 + 1.3 
18 + 4.7 

1 9 f  4.1 s 

Positive Control 324 f 3.3 346 f 14.4 

B. Preincubation with Arodor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

10oo.o 
3333.3 

12 f 2.3 

8 f 2.7 
8 t 0.3 
IO+ 1.2 
0 + 0.0 s 

9 f 1.8 
8 f 1.7 
9 f 3.4 

12 f 1.8 
I I f 0.9 
14f 1.9 s 
0 f 0.0 s 

Positive Control 269 f 2.3 I67 f 4.9 

C. Preincubation with Aroclor-1 254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

I Ooo.0 
3333.3 

12 f 2.2 
14+ 1.7 
12 f 3.8 
14 + 1.2 
14 f 3.0 
7 + 2.0 s 

10 f 1.7 
I I f 2.3 
9 f  2.1 

102 1.7 
IO+ 1.8 
8 f 3.0 s 

Positive Control 243 f 23.8 266 + 9.5 

The data are represented as revertant colonies per plate, x +. S.E.; positive control chemicals and doses are 
shown in table K9. 

(a) DMSO = dimethyl sulfoxide (vehicle) 
(h) s = Slightly toxic (cytotoxic) to bacteria (subjective analysis). 
(c) t = Toxic (cytotoxic) to bacteria (subjective analysis). 
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TABLE K7. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA1537 AT STANFORD RESEARCH INSTITUTE TESTING FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
33.3 

100.0 
333.3 
666.7 

1Ooo.o 
3333.3 

14 f 0.9 
I8 f 4.1 
17 f 2.2 
8 f  0.9 

5 f 0.3 s (b) 
t (4 

5 f 1.7 
5 f 1.2 
6 f 2.1 
5 f 0.7 
4 f 1.2 

t 
- 

Positive Control 189 f 16.5 847 f. 54.3 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

10oo.o 
3333.3 

25 f 2.3 
16 f 2.0 
I I f 2.3 
12 f 0.0 
12 f 1.7 
6 f 1.5 s 

6 f 1.2 
6 f 1.2 
5 k 0.9 
5 f 1.2 
3 f 0.3 s 

t 
Positive Control 448 f 11.9 239 f 24.6 

C. Preincubation with Aroclor-12S4@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

1Ooo.o 
3333.3 

2 4 2  1.5 
18 rt 3.0 
20 f 1.9 
22 f 2.5 
18 k 0.9 
IO f 4.6 s 

8 f 1.3 
9 f 2.1 
6 f 1.2 
5 f 1.9 
5 f 0.6 
1 f 0.7 s 

Positive Control 429 f 17.2 411 f 10.3 

The data are represented as revertant colonies per plate, ST f S.E.; positive control chemicals and doses are 
shown in table K9. 

(a) DMSO = dimethyl sulfoxide (vehicle) 
(b) s = Slightly toxic (cytotoxic) to bacteria (subjective analysis). 
(c) t = Toxic (cytotoxic) to bacteria (subjective analysis). 
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I'ABLE K8. RESULTS OF MUTAGENICITY TESTS OF CHLOROBENZENE IN SALMONELLA 
TYPHIMURIUM TA98 AT STANFORD RESEARCH INSTITUTE TESTING FACILITY 

Number of Revertants per Plate 
Dose 

Test 
I 

Test 
II 

A. No Activation 

0.0 
33.3 

100.0 
333.3 
666.1 

10oo.o 
3333.3 

24 f 2.6 
21 f 1.5 
23 f 1.8 
16 f 2.1 

14 f 2.3 s (6) 
- 

t (4 

34 f 4.5 
21 f 2.6 
21 f 3.5 
22 + 3.4 
2 4 f  1.7 
20 f 3.9 s 
- 

Positive Control 718 f 58.2 671 f 57.5 

B. Preincubation with Aroclor-1254@ Induced Sprague-Dawley Rat Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

10oo.o 
3333.3 

37 f 6.1 
30 f 0.9 
36 f 4.1 
23 f 3.5 
26 f 5.5 
3 f 1.8 s 

43 f 1.0 
28 f 1.7 
31 f 2.0 
24 f 2.6 
IO f 4.7 s 

t 

Positive Control 427 f 4.3 365 f 22.9 

C. Preincubation with Aroclor-1254@ Induced Syrian Hamster Liver S-9 Preparation 

0.0 
33.3 

100.0 
333.3 

10oo.o 
3333.3 

45 f 4.0 
36 * 1.9 
30 f 5.5 
30 f 2.2 
25 f 2.6 
21 f 1.1 s 

33 f 2.3 

33 f 3.2 
31 f 2.9 
27 f 1.8 

35 f 3.6 

t 

Positive Control 1321 f 18.8 1271 f 7.8 

The data are represented as revertant colonies per plate, 'JT f S.E.; positive control chemicals and doses are 
shown in table K9. 

(u) DMSO = dimethyl sulfoxide (vehicle) 
(b) s = Slightly toxic (cytotoxic) to bacteria (subjective analysis). 
(c) t = Toxic (cytotoxic) to bacteria (subjective analysis). , 
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TABLE K9. SALMONELLA POSITIVE CONTROLS 

Testing 
Laboratory 

Chemical and Dose (pg/plate) 

Strain Nonactivate Rat Liver Hamster Liver 

SRI 
CWR 

SRI 
CWR 

SRI 
CWR 

SRI  
CWR 

TAlOO 
TA 100 

TA1535 
TA1535 
TA1537 
TA1537 

TA98 
TA98 

NaAz, 1 
NaAz, 3 

NaAz, 1 
NaAz, I 
%AA, 50 
9-AA, 33 

NoPD, 5 
NoPD, 3.3 

2-AA, 1 
2-AA, I 

2-AA, 2.5 
2-AA, I 

2-AA, 2.5 
2-AA, I 

2-AA, 1 
2-AA, I 

2-AA, 1 
2-AA, I 

2-AA, 2.5 
2-AA, I 
2-AA, 2.5 
2-AA, 1 

2-AA, I 
2-AA, 1 

NaAz = Sodium Azide 
2-AA = 2-Aminoanthracene 
9-AA = 9-Aminoacridine 

NoPD = 4-Nitro-o-phenylenediamine 
SRI = Stanford Research Institute 

CWR = Case Western Reserve University 
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CHEMICAL ANALYSIS OF CHLOROBENZENE 
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APPENDIX L 

A. ELEMENTAL ANALYSIS 

Element C H Cl 
Theory 64.02 4.48 3 I S O  

Determined 64.02 4.58 3 I .29 
64.15 4.62 3 I .39 

B. WATER ANALYSIS (Karl Fischer) 
<0.03% 

C. TITRATION FOR ACIDIC COMPONENTS 
1.2 f 0.2 (6) ppm (assumed to be HCI) 

D. BOILING POINT 
Determined 
129 f I (6)OC at 727 

torr (visual. micro boil- 
ing point) 

900 DTA) 
132.8°-1330C (Dupont 

E. INDEX OF REFRACTION 
Determined 
n t  : 1.5238 k 0.0003 (6) 

F. DENSITY 
Determined 

g/ml 
d2:: : 1.1027 L 0.0006 (6) 

G. VAPOR-PHASE CHROMATOGRAPHY 
Instrument: Tracor MT 220 
Detector: Flame ionization 
Inlet temperature: 230°C 
Detector temperature: 275OC 

Literature Value 
I3 l o  - I  32" C (Merck, 

1976) 

Literature Value 
n D  2o : 1.5248 (Merck, 1976) 

Literature Value 
n2: : 1.107 g/ml (Merck, 1976) 

I .  System I 
Column: 20% SP 2100/0.1% Carbowax 1500 on 801 100 

Oven Temperature program: 50°C. 5 min; 5Oo-17O0C 

Sample injected: 5 pl neat, diluted to 1% and 0.5% in 

Results: Major peak and I I impurities. The areas of the 

Supelcoport, 1.8 m x 4 mm I.D., glass 

at IO°C/min 

pentane to measure area of major peak 

impurities total less than 0.1% of the area of the major peak. 
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Peak 
Retention 

Time (min) 
Retention Time (Relative 

to Chlorobenzene) 
Area (Percent of 
Chlorobenzene) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
1 1  
12 

I .5 
2.7 
3.4 
3.9 
5. I 
7.9 
9.5 

10.6 
11.5 
11.9 
12.8 
13.2 

0.14 
0.26 
0.32 
0.36 
0.48 
0.75 
0.89 
I .oo 
1.08 
1.12 
I .20 
1.24 

<0.001 
<0.001 
<0.001 
<0m2 
<O.oOl 
<0.001 
c0.002 
100 

shoulder, <0.02 
shoulder, <0.02 

0.03 
0.002 

2. 

Peak 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I I  
12 
13 
14 
15 
16 

- 

System 2 

Column: 10% Carbowax 20M - TPA on 80/ 100 
Chromosorb W AW, 1.8 m x 4 mm I.D., glass 

Oven temperature program: 5OoC, 5 min; 5O0-20O0C 
at 10°C/min 

Sample injected: 4 pl neat, diluted to I %  and 0.5% 
in methanol to measure area of major peak 

Results: Major peak and 15 impurities. The areas of the impurities 
total less than 0.03% of the area of the major peak. 
15 impurities total less than 0.03% of the area of the major peak. 

Retention 
Time (min) 

Retention Time (Relative 
to Chlorobenzene) 

Area (Percent of 
Chlorobenzene) 

0.9 
1.1 
I .4 
1.6 
I .9 
2.6 
3.2 
3.6 
4.0 
9.6 

11.2 
11.4 
11.8 
12.7 
13.0 
13.5 

0. IO 
0.1 I 
0.15 
0.16 
0.20 
0.27 
0.33 
0.37 
0.42 
1.00 
1.16 
1.18 
I .22 
1.31 
1.35 
1.40 

0.0002 
0.0005 

<0.0003 
0.0003 
0.002 
0.0004 
0.00 1 
0.0002 

<0.0002 
100 

shoulder, 0.06 
shoulder, 0.02 

0.002 
0.0005 
0.0 I 
0.0008 
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H. SPECTRAL D A T A  

(1 )  Infrared 
Instrument: Beckman IR-12 
Cell: 0.054 mm liquid cell, 

sodium chloride windows 
Results: See Figure 6 

(2) Ultraviolet/ Visible 
Instrument: Cary 118 

A max h m )  € x 10 

272 
268 shoulder 
264.5 
26 I 
258 
255 shoulder 
25 1 
245 
240 
233 
219 
215 
21 1 

~ ~ 

18.2 f 0.4 (6) 
12.8 f 0.4 (6) 
24.3 f 0.4 (6) 
17.0 f 0.4 (6) 
18.8 f 0.4 (6) 
13.4 f 0.8 (6) 
12.3 f 0.4 (6) 
7.4 f 0.4 (6) 
4.1 f 0.5 (6) 
2.7 f 0.6 (6) 

771 f 12 (6) 
604 f 10 (6) 

7342 12 (6) 

No absorbance between 350 and 800 
nm (visible range) at a concentra- 
tion of 1% vlv. 

Solvent: Hexane 
(3) Nuclear Magnetic Resonance 

Instrument: Varian HA-100 

Peak in literature spectrum 
at approximately 800 cm-1 
not observed in this sample. 
In other respects this spec- 
trum is consistent with the 
literature spectrum (Sadtler 
Standard Spectra). 

Literature values calcu- 
lated from graph (Sadtler 
Standard Spectra) 

A max 

27 1 
267 
264 
26 1 
257 
255 shoulder 
25 1 
245 
239 
233 
219 
215.5 
210 

Solvent: Isooctane 

Consistent with 
literature spectrum 
(Sadtler Standard Spectra) 

t2 x 10 

20.9 
14.1 
25.8 
17.7 
19.8 
14.1 
12.8 
7.7 
4.0 
2.4 

800 
1,090 
1,040 

Solvent: Neat, tetramethyl- 

Assignments: See Figure 7 
(a) m, 6 6.82-7.22 ppm 
Integration Ratio: 
(a) 5.00 

silane added 
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ANALYSIS OF CHLOROBENZENE IN CORN OIL 
FOR STABILITY OF CHLOROBENZENE 
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A. SAMPLE PREPARATION: Solutions of chlorobenzene in corn oil (2.25%, w/v) were prepared 
in duplicate for storage of 0, 3, 4, 5 ,  6, and 7 days, respectively. A typical sample was prepared as 
follows: 2 ml of corn oil was transferred into an 8.5-ml septum vial and the vial was sealed (Microsep 
F-138 gas chromatgraphy septa with Teflon film facing, from Canton Bio-Medical Products, Inc.; 
aluminum crimp seals from Wheaton Scientific Co., Inc.) and weighed. Approximately 45 mg of 
chlorobenzene was then injected, and the vial was reweighed to determine the exact amount of 
chlorobenzene added. The sample was agitated on a vortex mixer for 30 seconds and then stored at 
room temperature (25OC) for the appropriate time period. 
B. EXTRACTION AND ANALYSIS: At the end of each storage time segment, the appropriate 
samples were extracted with 2 ml of methanol, which was injected into the vials via a 2-ml syringe. The 
two-phase mixtures were thoroughly shaken and placed in the ultrasonic vibratory bath for 2 minutes. 
Aliquots for analysis were removed directly from the top (methanol) layer of each sample and analyzed 
by the following vapor-phase chromatographic system: 

Instrument: Varian 2400 
Column: 3% OV-225 on 80/ 100 mesh Supelcoport, 1.9 m x 4 mm I.D., glass 
Temperatures: 

Inlet, 1 5 5 O C ;  
Oven, 70° C isothermal; 
Detector, 22OOC 

Detection: Flame ionization 
Retention time of major component: 2.3 min 
Carrier gas: Nitrogen; flow rate, 60 cc/min 

C. RESULTS: 
Storage Time 

WYS) 
Average Percent Chemical Found 
in Chemical/Vehicle Mixture (a) 

2.25 f 0.08 (6) 
2.25 f 0.08 
2.23 f 0.08 
2.10 f 0.08 
2.23 f 0.08 
2.17 f 0.08 

(a) Corrected for a spike recovery of 40% f 2%. 
(b) Original concentration of chlorobenzene in corn oil at time of sample preparation, 2.25% with a 

variation among samples off 0.05%. 

D. CONCLUSION: Chlorobenzene in corn oil at the 2% (w/v) dose level is stable when stored at 
room temperature (25OC) over a 7-day period. 
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ANALYSIS OF CHLOROBENZENE IN CORN OIL 
FOR CONCENTRATIONS OF CHLOROBENZENE 
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Standards of chlorobenzene in corn oil at three or four concentrations bracketing the range of sample 
concentrations were prepared by weighing chlorobenzene and diluting with corn oil. Duplicate one- 
milliliter aliquots of standards and samples were extracted with methanol. Solutions were vortexed and 
centrifuged and a portion of the clear methanol layer was removed for analysis by gas chromatography. 
Concentrations of samples were taken from the linear regression standard curve. Results are presented 
in Table N I .  

TABLE N1. ANALYSIS OF CHLOROBENZENE IN CORN OIL 

Concentration (4 of Chlorobenzene 
in Corn Oil 

for Tug& C~ncCntr.Hon 
D8tc Mixed 6.0 mg/ml 12.0 mg/ml 24.0 mum1 

02/08/79 

04/04/ 79 
06/01/79 

08/23/79 
091 19/79 
I I /l4/79 

0 1/23/80 
031 121 80 
05/07/ 80 

08/06/ 80 
os/ 271 80 
10/22/80 
121 17/80 

6. I4 
6.54 

6.22 
6.44 
5.90 
(5.84) (6) 
5.62 
6.17 
6.55 
6. I 

11.6 
11.5 

11.9 
12.5 
12.4 

23.0 
22.7 
24.7 
25.0 
(23.9) (6) 
23.8 
24.4 
23.2 

23.5 
24.8 
25.3 

(24.7) (6) 

25.2 
23.4 
21.8 
24.8 

Mean (mg/ml) 6. I9 
Standard deviation 0.303 
Coefficient of variation (%) 4.90 
Range (mg/ ml) 5.62-6.55 
Number of samples 9 

12.1 
0.412 
3.40 

11.5-12.7 
9 

24.0 
I .Of 
4.46 

14 
21.8-2S.3 

(a) The data presented are the average of the results of duplicate analyses. 
(b) MRI referee analysis 
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SEPARATION AND QUANTITATION OF 
COPROPORPHYRIN AND UROPORPHYRIN IN URINE 
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A. APPARATUS 
Glass Column: 1 cm I.D. and 30 cm long 
Spectrophotometer: Aminco-Bowman Spectrophotofluorometer (American 

Disposable Micropipets: Used to measure the standard porphyrin 
Instrument Company, Silver Spring, MD) 

solution. 

B. REAGENTS 
Anion-Exchange resin chloride form (Bio-Rad 1 x2 200-400 mesh, Bio-Rad 

Labs., Richmond, CA) 
This resin was used as received without further treatment. The resin was allowed to swell in distilled 

water and was then transferred to columns (containing a small glass-wool plug at the bottom) as a 
measured volume of slurry, in amount sufficient to give a resin bed that is 10 cm high. 

Wash Solvent. This solution contained ethanokwater ( 1 5 8 5  by volume) and I .O mol of acetic acid per 
liter. About 500 ml distilled water, 150 ml of absolute ethanol, and 57 ml of glacial acetic acid, were 
added to a one-liter volumetric flask and mixed. The mixture was diluted to 1 .O liter with distilled water 
and stirred. 

Coproporphyrin Elution Solvent. To a one-liter volumetric flask were added 5 0 0  ml of distilled water 
and 8.3 ml (0.1 mol) of concentrated hydrochloric acid. After mixing, 250 ml isopropanol (analytical 
grade) and 100 ml of absolute ethanol were added and mixed. After being diluted to the mark with 
distilled water, the solution was mixed. 

Uroporphyrin Elution Solvent. To a one-liter volumetric flask, about 500 ml of distilled water and 83 
ml (10 mol) concentrated hydrochloric acid was added, and the solution was mixed. Two hundred and 
fifty milliliters of n-propanol (spectro-quality) was added. After mixing, the solution was diluted to the 
mark with distilled water and mixed. 

Standard Porphyrins. The following prophyrins were used: coproporphyrin-I and uroporphyrin-I 
(Sigma Chemical Company, St. Louis, MO). 

C. PROCEDURE (See Sobel et al., 1974; Lavallee and Novellus, 1977) 
Before analysis, the column was washed with 20 ml wash solvent and 20 ml distilled water. Three 

milliliters of urine (taken from 24-hour collection) were added to the column (15 ml slurry volume 10 cm 
high). The fluid was eluted slowly from the column until the urine level receded to the resin surface. 
Twenty milliliters of distilled water was added and allowed to drain. Ten milliliters of coproporphyrin 
eluent was added. The coproporphyrin fraction was collected. When the eluent reached the resin 
surface, 5 ml of water was added and collection was stopped. Then, the column was rinsed with 20 ml of 
distilled water and the same procedure was repeated using uroporphyrin eluent. 

Aliquots (5  ml) of each fraction were pipetted into a test tube. The solution was diluted to 10 ml with 
respective eluent and the fluorescence of the porphyrin was recorded. The excitation wavelengths were 
404 nm for the coproporphyrin and 410 nm for the uroporphyrin. The fluorescence emission for both 
porphyrins used was 650 nm. 
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DATA AUDIT SUMMARY 
An audit was conducted on the archival data and pathology materials for the 2-year toxicology and 

carcinogenesis studies of chlorobenzene in rats and mice. These studies were performed at Battelle 
Columbus Laboratories under a subcontract with Tracor Jitco from the National Cancer Institute. 
The studies were conducted from January 1979 to February 1981, prior to the requirement of 
compliance to Good Laboratory Practice standards by NTP in October 1981. The audit was con- 
ducted at the NTP Archives, Rockville, Maryland, and involved the following Dynamac personnel: 
Chris Dippel, M.Phi1.; Floris Garner, D.V.M.; Leonard Kiefer, Ph.D.; James Konz, M.S.; James 
Plautz, M.S.; Ronald Schueler, D.V.M.; and Christine Sexsmith, B.S. 

The audit report was reviewed and approved by NTP personnel and is on file at the NTP, Research 
Triangle Park, NC. The audit consisted of a review of the data and pathology materials collected 
during the conduct of the study as well as review of the correspondence (e.g., protocol and amend- 
ments) and prechronic studies. For the inlife toxicology data, this review involved examination of 
100% of the records on animal receipt and husbandry, mortality, environmental conditions, sentinel 
animals, and dosing. Body weight and clinical observation data for 10% of the animals were examined. 
In the review of the chemistry portion of the study, all of the records were examined pertaining to 
receipt and use of the test chemical, analysis of the bulk chemical and dose solutions by the contract 
laboratory, and characterization of the bulk chemical and analysis of the dose solutions by the 
reference laboratory. The audit of the pathology materials included review of 100% of the Individual 
Animal Data Records (IADRs) for correlation between gross and microscopic diagnoses and for 
clerical errors, examination of the wet tissues of 10% of the animals for unidentified lesions and correct 
identification, correlation of slides and tissue blocks for 6 of 8 animal groups, and verification of the 
reported pathology on 10% of the animals. 

Review of the inlife toxicology data found several problems that were a result of recordkeeping 
practices and could not be resolved given the available data. Clinical observations were recorded at 
irregular intervals, were made using nontechnical terms, and were not followed up by subsequent 
observations. Eleven discrepancies were found between inlife observations of tissue masses and 
observations made at necropsy. Some of these were resolved to a certain extent by examination of the 
wet tissue and by reconsideration of the inlife observations; however, 6 were not resolved satisfactorily 
and may have been due to inaccurate observations by the inlife technicians. Discrepancies were found 
in the mortality data; 4 dates of death and 7 modes of death were not recorded in the inlife records and 
3 pairs of animals had their identities confused at the time of death. Notations of problems with the 
automatic watering system were found, either wet cages due to leaking water or observation of 
dehydrated animals due to lack of water. No mortalities could be associated with these incidents. No 
information on the prestudy quarantine or data on temperature and humidity were available for 
review. 

Review of the chemistry data found no records for the following: corn oil analysis for peroxide 
levels, documentation for the analysis by the testing laboratory of the duplicate of the referee sample, 
and the laboratory notebook for bulk and chemical/vehicle analyses (chromatograms were present). 

During the audit of the pathology materials positive identification of the animals by group or 
individual animal number from the preserved tissues was complicated by the absence of the animals’ 
feet (needed for individual identification) and the general absence of ears (needed for group identifica- 
tion). These were not required to be saved under the study protocol at the time. The most consistent 
gross observations without microscopic findings were enlarged pituitary and spleen in the rats and 
enlarged spleen, mesenteric lymph node, and kidney, and cystic ovaries in the mice. During the 
examination of the wet tissue, 2 subcutaneous masses, one mass adjacent to the colon, and one black 
focus in the stomach were found in the rats, and 2 nodules or foci in the liver were found in the mice. 
Minor problems were noted in the tissue accountability, slide/ block match, clerical errors, and final 
table review. 

In conclusion, although some problems and discrepancies were identified, these were adequately 
resolved or were determined not to affect the outcome of the study 
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