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

inasmuch as the ex 

extends beyond 

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical.Reports 
series to specifically emphasize consistency and the concept of actual eyidence of carcinogenicity. For 
each definitive study result (male rats, female rats, male mice, female mice), one of the following quintet 
will be selected tq describe the findin s. These categories refer to the strength of the experimental evi- 

0 Clear  Evidence of Carcino enicity is demonstfated by studies that are inter reted a s  showing a 

stantially increased incidence of benign neoplasms, or studies that exhibit a n  increased incidence 
of a combination of malignant and benign neoplasms where each increases w ~ t h  dose. 

0 Some Evidence of Carcino enicity is demonstrated b studies that are inter Feted as  shpwing a 

creases in neo lasms of several organs/tissues, or studies that exhibit a slight increase in uncom- 
mon malignan! or benign neoplasms. 

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

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

0 1nadequ.ate S t u d y  of Carcinogenicit  demonstrates that because of major. ualitative or quan- 

dence and not to either potency or mec a anism. 

chemically related increasef incidence of malignant neoplasms, studies t ,  1 a t  exhib!t a sub- 

chemically related increase% incidence of benign neop Ji asms, studies that ex. R ibit marginal in- 

titative limitations, the studies cannot 55 e interpreted as  valid for showing eit B er the presence or 
absence of a carcinogenic effect. 

Additionally, the followin concepts (as atterned from the International A ency for Research on Cancer 

The term chemical carcinogenesis general1 means the induction by chemicals of neo lasms not 
usuall observed, the earlier induction by czemicals of neoplasms that are common1 olserved, or 

may be involvei in these situations. E t  mologically, the term carcinogenesis means induction of 
cancey, that  is, of malignant neoplasms; coweyer, the cqmmonly accepted meaning is the induction 
of various types of neo lasms or of a combination of malignant and benign neoplasms. In the Tech- 

This stud was initiated b the National Cancer Institute’s Carcinogenesis Bioassay Program now part 
of the Nagonal Institute o? Environmental Health Sciences, National Toxicolo Program. The studies 

safet requirements and must meet or exceed all applicable F e g r a l  state and local health and safety 

Humane Care and Use of Animals. All NTP toxicology and carcinogenesis studies are subjected to a data 
audit before being presented for peer review. 

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

make this information known to the NTF. Comments and uestions about the 
Program Technical Reports on Toxicolo and Carcino enesis gtudies should be directed to Dr. J.E. H u g  
National Toxicology Program, P.O. BoxR233, Researca Triangle Park, NC 27709 (919-541-3780). 

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

Public Information Ofice, 8ational Toxicology Program, P.6.  Box 12233, Research Triangle Park, NC 
27709. 

Monographs) have been afopted by the 8 T P  to give further clarification o f t  B ese issues: 

the in ?; uction b chemicals of more neoplasms than are generally found. Differenfmechanisms 

nical Reports, the wor B s tumor and neoplasm are used interchangeably. 

described in this Technical Report have been conducted in com liance with $6 P chemical health and 

regu I ations. Animal care and use were in accordance with the U.9. Public Health Service Policy on 

occur. Seaders  are re uested to identify any mistakes so t R a t  corrective action may be taken. Further, 
anyone whq is aware o 7 related ongoing or ublished studies not mentioned in this re or4 is encouraged to 

copies of! this Technical Re ort are available without char e (and while supplies last) from the N 9 P 

8 ational Toxicolo 

Pentachloronitrobenzene, NTP TR 325 2 



Cl 

PENTACHLORONITROBENZENE 
CAS NO. 82-68-8 

C&15N02 Molecular weight 295.36 

Synonyms or Trade Names: Avicolo, PCNB, quintozene, Botrilexo, Brassicolo, Folosano, 
PKhNB, Tilcarexo, Terracloro, Tritisano 

ABSTRACT 

Toxicology and carcinogenesis studies of pentachloronitrobenzene (99% pure), a fungicide, were con- 
ducted by administering diets containing 0,2,500, or 5,000 ppm pentachloronitrobenzene to groups of 
50 B6C3F1 mice of each sex for 103 weeks. These doses were selected because, in 13-week studies in 
which the chemical was administered in feed a t  doses up to 20,000 ppm in male mice and up to 40,000 
ppm in female mice, body weight gain depression was observed a t  10,000 ppm and above in males and 
females and deaths occurred a t  40,000 ppm in females. 

The National Cancer Institute had conducted 2-year studies in B6C3F1 mice and Osborne-Mendel 
rats (Technical Report 61). Survival among male mice was low, not all livers were examined from 
dosed female mice, and the size of the control groups was considered to be small. For these reasons, 
the NC1 decided to conduct additional 13-week and 2-year studies in B6C3F1 mice. Under the con- 
ditions of the NC1 studies (TR 611, pentachloronitrobenzene was not carcinogenic in either Osborne- 
Mendel rats or B6C3F1 mice. 

In the studies reported in this Technical Report, the survival of male mice was comparable among 
control and dosed groups (control, 35/50; low dose, 31/50; high dose, 32/50). Final mean body weights 
of low dose and high dose male mice were 96% and 90% that of the controls. All groups of female mice 
showed evidence of bacterial infection. At week 84, survival in dosed and control female mice was 
38/50, 34/50, 3060; after week 84, survival in dosed groups decreased, with the final survival being 
30/50,20/50, 15/50. The mean body weight of high dose female mice was more than 10% lower than 
that of the control group after week 20 and was 21% lower than controls a t  week 104. The mean body 
weight of low dose female mice was within 10% that of the control group until week 88 and was 18% 
lower than controls a t  week 104. 

No compound-related neoplastic lesions were seen in either male or female mice. The nonneoplastic 
lesions observed in female mice were considered to be secondary to bacterial infection (primarily 
Klebsiella) and included hematopoiesis of the liver (9/50; 21/50; 23/50) and spleen (14i50; 23/48; 
27/50), plasma cell hyperplasia of the mediastinal lymph nodes (1/44; 4/47; 9/45), and ovarian ab- 
scesses (12/49; 22/50; 29/50). 
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Pentachloronitrobenzene was not mutagenic in Salmonella typhimurium st rains  TA98, TA100, 
TA1535, or TA1537 in the presence or absence of Aroclor 1254-induced male Syrian hamster or male 
Sprague-Dawley rat liver S9 when tested according to the preincubation protocol. Pentachloro- 
nitrobenzene was not mutagenic at the TK+’- locus of L5178Y mouse lymphoma cells in the presence 
or absence of Aroclor 1254-induced F344 rat liver S9. In cultured Chinese hamster ovary cells, 
pentachloronitrobenzene did not induce sister-chromatid exchanges but did induce chromosomal 
aberrations both with and without Aroclor 1254-induced male Sprague-Dawley rat  liver S9. 

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

Under the conditions of these 2-year feed studies, there was no evidence of carcinogenicity* for either 
male or female B6C3F1 mice receiving 2,500 or 5,000 ppm of pentachloronitrobenzene. Infection is 
considered to have decreased survival of the female mice and thus reduced the sensitivity for 
determining the presence or absence of a carcinogenic response. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2. 
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 8. 
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SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

PENTACHLORONITROBENZENE 

On March 26, 1986, the draft Technical Report on the toxicology and carcinogenesis studies of pen- 
tachloronitrobenzene received peer review by the National Toxicology Program Board of Scientific 
Counselors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting was held a t  the National Institute of Environmental Health Sciences, Research Triangle 
Park, North Carolina. 

Dr. J. Dunnick, NTP Chemical Manager, introduced the toxicology and carcinogenesis studies of pen- 
tachloronitrobenzene in mice by reviewing the experimental design, results, and proposed conclu- 
sions (no evidence of carcinogenicity for male or female mice). 

Dr. Hooper, a principal reviewer, agreed with the conclusions. Noting that the widespread ovarian 
infection with Klebsiella reduced survival of high dose female mice, Dr. Hooper suggested that the 
second sentence of the conclusions be modified to read: “Poor survivaI among high dose females 
limited the sensitivity of this bioassay to detect a carcinogenic effect.” Dr. Perera said that the con- 
clusion in females should be changed to inadequate study of carcinogenicity. Dr. Swenberg noted 
that, under the guidelines used by the Panel for some time, a study was considered adequate if sur- 
vival was greater than 50% after 78 weeks; in this case, survival in high dose females was 60% a t  78 
weeks. Dr. J. Huff, NTP, indicated that most organizations that use carcinogenicity findings from 
laboratory experiments require 50% survival a t  the end of a negative study. The 18-monthJ50% sur- 
vival guideline was valid when studies were limited to this time interval in certain strains of mice 
that did not ordinarily survive to 2 years. 

As a second principal reviewer, Dr. Mirer agreed with the conclusions but wondered whether these 
studies should have been conducted in view of the negative results from the previous compromised 
NC1 study. Dr. Mirer commented on the reduced and variable number of tissues from low dose male 
mice which were examined histopathologically. Dr. E. McConnell, NIEHS, replied that a reduced his- 
topathology protocol was adopted and presented to the Board of Scientific Counselors in 1982. Under 
this protocol, tissues from low dose animals were examined microscopically only when there was rea- 
son to suspect there might be lesions; that is, if lesions were observed a t  gross necropsy or microscopic 
lesions were seen in a particular tissue in high dose animals. Dr. S. Eustis, NTP, indicated that this 
would be more clearly stated in the pathology methods section. Dr. Mirer asked that more discussion 
be included on the nonneoplastic lesions in female mice, which might be the only compound-related 
effects in the study. Dr. Dunnick replied that this would be expanded in the discussion and, where ap- 
propriate, in the abstract. 

As a third principal reviewer, Dr. Sivak agreed with the conclusions, stating that he believed the sur- 
vival in the female high dose group to be adequate for interpretation of the study. 

Dr. Hooper moved that the Technical Report on pentachloronitrobenzene be accepted with the modi- 
fication of the last sentence of the conclusions as  proposed by him. Dr. Swenberg seconded the motion, 
and after discussion the motion was defeated by 10 negative votes to 1 affirmative vote (Dr. Hooper). 
Dr. Hooper then moved to accept the report with the conclusions, no evidence of carcinogenicity, for 
mice of both sexes, including the last sentence as  originally written. Dr. Mirer seconded the motion, 
and it was approved by 10 affirmative votes to 1 negative vote (Dr. Swenberg). 
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I. INTRODUCTION 

Cl" 
Cl 

PENTACHLORONITROBENZENE 
CAS NO. 82-68-8 

C 6 C 1 5 N 0 2  Molecular weight 295.36 

Synonyms or Trade Names: Avicolo, PCNB, quintozene, Botrilexa, Brassicol@, Folosano, 
PKhNB, Tilcarex@, Terracloro, Tritisano 

Pentachloronitrobenzene was first synthesized 
in 1868; it became widely used as a fungicide 
both in the United States  and abroad in the 
1950's (IARC, 1974; WHO, 1984). A registration 
for technical-grade pentachloronitrobenzene as 
a soil fumigant and seed treatment was issued in 
1959 (USEPA, 1976). The pentachloronitroben- 
zene used in these NTP studies was greater than 
99% pure and contained less than 0.07% hexa- 
chlorobenzene (Appendix D). Some physical 
properties of this compound are  listed in Table 1. 

Use and Production 

Pentachloronitrobenzene is used as a soil fumi- 
gant for crops such as cotton, peanuts, barley, 
corn, oats, peas, wheat, and rice; vegetables such 
as beans, broccoli, lettuce, brussels sprouts, and 
potatoes; ornamental  plants such as azaleas, 
roses, and carnations; and fruits such as bana- 
nas. The primary uses of pentachloronitroben- 
zene include the control of Rhizoctonia in cotton 
and Sclerotium in peanuts. Approximately 2 
million pounds of pentachloronitrobenzene a re  

used annually in the United States for agricul- 
tural purposes (personal communication from J. 
Blasco, Uniroyal, to J. Dunnick, NTP, 1985). 

Environmental Occurrence and Human 
Exposure 

Through its use as a fungicide, pentachloronitro- 
benzene has the potential to contaminate food, 
soil, and water; the general population could be 
exposed via ingestion of contaminated food and 
water. Occupational exposure could occur in the 
manufacturing of the chemical or during its ap- 
plication to crops. The U.S. Environmental Pro- 
tection Agency (USEPA, 1976) reported that  
pentachloronitrobenzene and i ts  metabolites 
have been found in soil and vegetables. Studies 
have been conducted with radioactive tracers to 
determine the long-term environmental fate of 
pentachloronitrobenzene. Pentachloronitroben- 
zene has been reported to have the potential to 
concentrate in fish (Schauerte e t  al., 1982; Kan- 
azawa,  1981). The EPA has established a n  

TABLE 1. PHYSICAL PROPERTIES OF PENTACHLORONITROBENZENE (a) 

Physical state: 
Melting point: 142'- 146" C 
Boiling point: 
Vapor pressure: 

Pale yellow to white solid, dependingon purity 

328" C at 760 mm Hg (some decomposition occurs) 
1.61 X 10-5 mm Hg at 10°C 
5.0 X 10-5 mm Hg at 20°C 
11.3 X 10-5mmHgat25 'C 
1.718 at 25" C 
Freely soluble in carbon disulfide, benzene, chloroform, ketones, and aromatic and chlorinated 
hydrocarbons; slightly soluble in alkanols; water, 0.44 mg/liter at 20'C; ethanol, 2 mg/liter at 25°C 

Specific gravity: 
Solubility: 

(a) USEPA, 1976;Spencer, 1973; Merck, 1983 
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I. INTRODUCTION 

interim tolerance for residues of pentachloro- 
nitrobenzene of 1.0 ppm on peanuts and of 0.1 
ppm on other crops (Fed. Reg., 1977). Penta- 
chloronitrobenzene is believed to be a skin irri- 
tant and sensitizer, leading to contact dermatitis 
(Hayes, 1982). 

The EPA has asked for voluntary registration of 
all pentachloronitrobenzene users and for the re- 
duction of the percentage of hexachlorobenzene 
to 0.1%. Available studies indicate that the im- 
purity hexachlorobenzene is likely to be respon- 
sible for the oncogenicity of pentachloronitro- 
benzene reported in some of the early animal 
studies (Fed. Reg., 1982). 

Absorption, Distribution, a n d  Metabolism 

The metabolism of pentachloronitrobenzene has 
been studied in micro-organisms, plants, and 
mammals. Micro-organisms in soil metabolize 
pentachloronitrobenzene to pentachloroaniline, 
pentachlorothioanisole, pentachlorobenzene, 
pentachlorophenol, pentachlorophenylmethyl 
sulfoxide, and pentachlorophenylmethyl sulfate 
(Renner, 1981). 

Pentachloronitrobenzene is metabolized (1) to 
sulfur-containing metabolites produced by reac- 
tion with glutathione, catalyzed by glutathi- 
one S-transferase, (2) to non-sulfur-containing 
metabolites by denitration to pentachlorophe- 
nol, and (3) by reduction to pentachloroaniline 
(O’Grodnick et  al., 1981). 

Oral administration of radiolabeled pentachloro- 
nitrobenzene to rhesus monkeys showed that  
major metabolites in urine and feces include 
pentachloroaniline, pentachlorobenzene, and  
pentachlorophenol (Kogel et  al., 1979a). Rhesus 
monkeys fed diets containing 2 ppm penta- 
chloronitrobenzene for 70 days had no accumula- 
tion of pentachloronitrobenzene and no adverse 
effects (Kogel et  al.,  1979b). Metabolic products 
identified in the urine of rabbits administered 
pentachloronitrobenzene by gavage included 
pentachloroaniline, N-acetyl-S-pentachloro- 
phenylcysteine, and pentachlorophenol (Betts et  
al., 1955). Oral administration of [14Clpenta- 
chloronitrobenzene (5 mg/kg in cottonseed oil by 
gavage) to male and female Osborne-Mendel 
rats resulted in the elimination of 69%-77% of 
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the radioactivity in 48 hours. By 144 hours, fe- 
male rats had excreted 33% in urine and 54% in 
feces, and male rats had excreted 10% in urine 
and 72% in feces. The major metabolite (59%) in 
urine of female r a t s  was N-acetyl-S-penta- 
chlorophenylcysteine; small amounts of penta- 
chloroaniline, pentachloroaniline conjugates, 
pentachlorophenol, and pentachlorophenyl sul- 
fide were also detected (O’Grodnick et  al., 1981). 

Hexachlorobenzene and pentachloronitroben- 
zene are both metabolized to similar metabo- 
lites, but in contrast to hexachlorobenzene, pen- 
tachloronitrobenzene is not stored in adipose tis- 
sue (Renner, 1981; Borzelleca et  al., 1971). 

Effects in  Animals 

The oral LD50 value for pentachloronitroben- 
zene was reported to be 1,650 mg/kg in female 
rats, 1,710 mg/kg in male rats, and 800 mg/kg in 
rabbits (Finnegan et  al., 1958). The LD50 value 
for pentachloronitrobenzene administered intra- 
peritoneally to mice was 4.5 g/kg (Renner and 
Nguyen, 1982). Albino rats fed dietary concen- 
trations of up to 5,000 ppm of a dust containing 
20% pentachloronitrobenzene (approximately 
1,000 ppm) for 3 months lost weight a t  2,500 and 
5,000 ppm (animals in the 5,000-ppm group were 
killed a t  2 weeks); significant dose-related in- 
creases in liver weight to body weight ratios 
were found (due primarily to lower body weight); 
histologic examinations were not performed 
(Finnegan et  al., 1958). 

Reproductive and Teratogenic Effects 

Pentachloronitrobenzene administered orally to 
Wistar rats a t  doses of 0, 50, 100, or 200 mg/kg 
on days 6-15 of gestation was not teratogenic 
and resulted in  no detectable levels of the 
chemical in maternal or fetal tissue (Villeneuve 
and Khera, 1975; Khera and Villeneuve, 1975). 
Pentachloronitrobenzene contaminated with 
hexachlorobenzene was teratogenic in C57BL/6 
mice, whereas purified pentachloronitrobenzene 
was not (Courtney et al., 1976). Pentachloro- 
nitrobenzene administered orally at 8, 20, 50, or 
125 mg/kg on days 6-15 of gestation was not 
teratogenic in Charles River CD rats (Jordan et 
al., 1975). 
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CD rats were used in a three-generation study in 
which each generation was fed a diet containing 
0 ,  5, 50, or 500 ppm of pentachloronitrobenzene. 
No adverse effects on reproduction, including 
fertility, fetus viability, or litter size, were ob- 
served. In the F3 generation, the offspring were 
examined for structural or histopathologic de- 
fects; none was found. No maternal toxicity was 
reported (Borzelleca et  al., 1971). 

Carcinogenicity Studies 

The EPA (Fed. Reg., 1977) reported carcino- 
genicity studies conducted by the Central Insti- 
tute for Nutrition and Food Research in which a 
technical-grade pentachloronitrobenzene con- 
taining 2.7% hexachlorobenzene was fed to ra ts  
for 104 weeks and to mice for 80 weeks at 0 ,  100, 
400, or 1,200 ppm in the diet. Histologic exami- 
nations were performed on gross lesions and on 
the liver and lung. An increased incidence of 
subcutaneous fibromas or fibrosarcomas was ob- 
served in female mice a t  1,200 ppm. No com- 
pound-related tumors were reported in male and 
female rats or male mice. 

Innes et al. (1969) conducted a carcinogenicity 
study of pentachloronitrobenzene in male and fe- 
male C57BL/6 x C3H/Anf F1 mice and in male 
and female C57BL/6 x AKR F1 mice. The purity 
of the pentachloronitrobenzene was not speci- 
fied, but the EPA (Fed. Reg., 1977) reported that 
an  11% hexachlorobenzene content was sus-  
pected. Male and female mice were adminis- 
tered pentachloronitrobenzene a t  464 mg/kg by 
gavage starting a t  7 days of age and continuing 
until 28 days of age, and then in the diet at 1,206 
ppm until 78 weeks of age. A compound-related 
increase in liver tumors was seen in dosed 
C57BL/6 x AKR F1 male mice. 

Searle (1966) reported that  pentachloronitro- 
benzene (purity unspecified) acted as a skin tu- 
mor initiator when applied to the backs of albino 
mice a t  0.3% in acetone twice a week for 12 
weeks followed by an  application of croton oil as 
a promoter agent for 20 weeks. 

The NC1 (1978) reported a 2-year study with 
technical-grade pentachloronitrobenzene. (The 
supplier reported a 1.0% level of hexachloro- 
benzene [Fed. Reg., 19771.) Osborne-Mendel 

ra t s  received time-weighted-average d ie ta ry  
concentrations of pentachloronitrobenzene of 0 ,  
5,417, or 10,064 ppm (male) and 0 ,  7,857, or 
14,635 ppm (female); B6C3F1 mice received 
average dietary concentrations of 0 ,  2,606, or 
5,213 ppm (male) and 0 ,  4,093, or 8,187 ppm (fe- 
male). The compound was administered for 78 
weeks followed by a 33- to 35-week observation 
period for rats and a 14- to 15-week observation 
period for mice. Each dose group contained 50 
animals; control groups contained 20 animals. 
Survival in male mice was low; a t  the end of the 
study, only 4/20 control, 25/50 low dose, and 
17/50 high dose male mice were alive. Survival 
a t  the end of the studies for the other groups was 
as follows: female mice--control, 19/20; low dose, 
43/50; high dose, 39/50; male rats--control, 
10120; low dose, 21/50; high dose, 32/50; female 
rats--control, 16/20; low dose, 40/50; high dose, 
37/50. Under the conditions of these studies, 
pentachloronitrobenzene was not carcinogenic 
in either Osborne-Mendel ra ts  or B6C3F1 mice. 
(Not all livers from the dosed female mice were 
examined histologically.) The World Health Or- 
ganization reviewed the available carcinogenic- 
ity data for pentachloronitrobenzene and con- 
cluded that adequate carcinogenicity studies are  
needed (WHO, 1984). 

Mutagenicity 

The available literature on the genotoxicity of 
pentachloronitrobenzene indicates little positive 
mutagenic activity. Pentachloronitrobenzene 
was reported by Clarke (1971) to induce gene re- 
version in Escherichia coli WP2 hcr-. This find- 
ing was not supported by other investigators 
(Simmon, 1978; Moriya et  al., 1983). Host- 
mediated assays performed by Buselmaier e t  al. 
(1972) demonstrated no mutagenic activity for 
pentachloronitrobenzene tested with both Sa l -  
monella typhimurium G46 and Serratia mar-  
cescens A21 injected into the peritoneal cavity of 
mice. Simmon et al. (1977) and Simmon (1978) 
examined the mutagenic capabilities of penta- 
chloronitrobenzene with an  extensive battery of 
microbial assays that included E .  coli WP2, Ba- 
cillus subtilis, s. typhimurium, and s. cerevisiae 
D3 with and without Aroclor 1254-induced rat  
liver S9. Pentachloronitrobenzene was  not mu- 
tagenic in any of the systems studied. Moriya et  
al. (19831, following the protocol of Ames et al. 
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(1975), also demonstrated no mutagenic activity 
of pentachloronitrobenzene in S. t yphimurium 
strains TA100, TA1535, TA1537, TA1538, or 
TA98. 

Pentachloronitrobenzene did not induce sex- 
linked mutations in Drosophila melanogaster 
(Vogel and Chandler, 1974; Valencia, 1977; 
Paradi and Lovenyak, 1981). It was reported to 
cause chromosomal fragmentation in bar ley 
seedlings (George et  al . ,  1970), but no dose- 
response relationship was demonstrable. How- 
ever, pentachloronitrobenzene induced somatic 
segregation in a diploid s t ra in  of Aspergillus 
nidulans (Georgopoulos e t  al., 1976). Penta- 
chloronitrobenzene was shown not to induce un- 
scheduled DNA synthesis in human fibroblast 
WI-38 cells with or without metabolic activation 
(Simmon, 1978). Simmon (1978) also reported 
no mutagenic activity for pentachloronitroben- 
zene in a dominant lethal test with mice. 

NTP mutagenicity studies of pentachloronitro- 
benzene indicated no mutagenic activity but 
clastogenic capability (Appendix C). Pentachlo- 
ronitrobenzene was not mutagenic when tested 
according to the preincubation protocol in S. 
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typhimurium strains TA100, TA1535, TA1537, 
or TA98 (Appendix C, Table Cl ) .  Pentachloro- 
nitrobenzene was tested with and without meta- 
bolic activation by Aroclor 1254-induced male 
Sprague-Dawley ra t  or male Syrian hamster 
liver S9 (Tables C2 and C3). Tests for cyto- 
genetic effects in Chinese hamster ovary (CHO) 
cells indicated that pentachloronitrobenzene did 
not cause an  elevated level of sister-chromatid 
exchanges in either the presence or absence of 
Aroclor 1254-induced male Sprague-Dawley rat  
liver S9 (Table C4). Pentachloronitrobenzene 
did cause an  increase in the number of chromo- 
somal aberrations in CHO cells both with and 
without metabolic activation (Table C5) .  

Study Rationale 

These 2-year studies of pentachloronitrobenzene 
in B6C3F1 mice were initiated because the pre- 
vious NC1 2-year studies in mice had low sur- 
vival in male mice, incomplete examination of 
livers from dosed female mice, and small control 
group size. The chemical was administered in 
feed because exposure of the general population 
is probably through ingestion of contaminated 
food and water supplies. 

Pentachloronitrobenzene, NTP TR 325 



Pentachloronitrobenzene, NTP TR 325 16 



II. MATERIALS AND METHODS 

PROCUREMENT AND CHARACTERIZATION OF 
PENTACHLORONITROBENZENE 

PREPARATION AND CHARACTERIZATION OF 
FORMULATED DIETS 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Study Design 
Source and Specifications of Animals 
Animal Maintenance 
Clinical Examinations and Pathology 
Statistical Methods 

17 Pentachloronitrobenzene, NTP TR 325 



II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
PENTACHLORONITROBENZENE 

Pentachloronitrobenzene was obtained in a sin- 
gle lot from the Olin Corporation (Little Rock, 
Arkansas). Chemical purity and identity analy- 
ses were conducted a t  Midwest Research Insti- 
tute (Appendix D). The identity of the study 
material was confirmed by infrared, ultraviolet/ 
visible, and nuclear magnetic resonance spec- 
troscopy. All spectroscopic data were consistent 
with the structure of pentachloronitrobenzene. 
The purity of this  lot was determined to be 
greater than 99% by elemental analysis, water 
analysis, thin-layer chromatography, and gas 
chromatography. Total impurity content by gas 
chromatography was approximately 0.4%. 
Analysis by gas chromatography/mass spec- 
trometry indicated that this lot of pentachloro- 
nitrobenzene contained 0.07% hexachloroben- 
zene, which is consistent with manufacturers' 
specifications for this material. 

Pentachloronitrobenzene was determined to be 
s table  when s tored  for 2 weeks a t  60" C 
(Appendix D). Pentachloronitrobenzene was 
stored at 0" k 5" C. Periodic characterization of 

pentachloronitrobenzene by in f r a red  spec-  
troscopy and gas chromatography detected no 
deterioration over the course of the studies. 

PREPARATION AND 
CHARACTERIZATION OF 
FORMULATED DIETS 

Formulated diet mixtures were shown to be 
homogeneous (Appendix E). Pentachloronitro- 
benzene was stable in feed when stored for 2 
weeks a t  room temperature. Formulated diets 
were prepared by adding a dry premix of feed 
and pentachloronitrobenzene to the appropriate 
amount of feed necessary to achieve the desired 
final concentrations (Table 2). The formulated 
diets were stored for no longer than 2 weeks. 

Periodic analyses for pentachloronitrobenzene 
in feed were performed by the study and analyt- 
ical chemistry laboratories to confirm that  the 
correct concentrations were mixed (Appendix F). 
The method of analysis involved an  acetonitrile 
extraction of the dosed feed and gas chromatog- 
raphy. All of the feed mixtures analyzed had 
pentachloronitrobenzene concentrations within 
k 10% of the target concentrations (Table 3; 
Appendix G, Table Gl). 

TABLE 2. PREPARATION AND STORAGE OF FORMULATED DIETS IN THE FEED STUDIES OF 
PENTACHLORONITROBENZENE 

Thirteen-Week 
Studies 

Two-Y ear 
Studies 

Preparation Premix of chemical and feed 
mixed in a mortar with a pestle. 
Premix layered between the 
remaining meal in a pin-bar 
intensifier model Patterson-Kelly" 
V-blender and mixed for 15 min 

Same as 13-wk studies 

Maximum Storage Time 2 wk 2 wk 

Storage Conditions 0" f 5" (in the dark) Same as 13-wk studies 
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TABLE 3. SUMMARY OF RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR 
FEED STUDIES OF PENTACHLORONITROBENZENE 

Concentration of Pentachloronitrobenzene 
in Feed for Target Concentration (ppm) 

2,500 5,000 
- 

Mean (ppm) 2,460 
Standard deviation 86 
Coefficient of variation (percent) 3.5 
Range (ppm) 2,350-2,610 
Number of samples 14 

4,980 
160 
3.2 

14 
4,700-5,200 

THIRTEEN- W E E K STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of dietary ad- 
ministration of pentachloronitrobenzene and to 
determine the concentrations to be used in the 
2-year studies. 

Five- to six-week-old male and female B6C3F1 
mice were obtained from Harlan Industries, ob- 
served for 20 days, and then assigned to cages 
such that the average cage weights for mice of 
each sex were approximately equal. Diets con- 
taining 0, 1,250, 2,500, 5,000, 10,000, or 20,000 
ppm pentachloronitrobenzene were fed to groups 
of 10 male mice. Diets containing 0, 2,500, 
5,000, 10,000, 20,000, or 40,000 ppm were fed to 
groups of 10 female mice. These doses were 
selected to approximate those used in previous 8- 
week studies in B6C3F1 mice (NCI, 1978). 

Animals were checked two times per day; mori- 
bund animals were killed. Feed consumption 
was measured weekly by cage. Individual ani- 
mal weights were recorded weekly. At the end of 
the 13-week studies, survivors were killed. A 
necropsy was performed on all animals except 
those excessively autolyzed or cannibalized. Tis- 
sues and groups examined are  listed in Table 4. 

TWO-YEAR STUDIES 

Study Design 

Diets containing 0, 2,500, or 5,000 ppm penta- 
chloronitrobenzene were fed to groups of 50 male 
and 50 female mice for 103 weeks followed by a 
1-week observation period. (One animal in the 
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male control group was removed because i t  was 
found to be female.) 

Source and Specifications of Animals 

The  male  and  female B6C3F1 (C57BL/6N, 
female, x C3H/HeN MTV-, male) mice used in 
these studies were produced under strict barrier 
conditions at Charles River Breeding Laborato- 
ries under a contract to the Carcinogenesis Pro- 
gram. Breeding stock for the foundation colony 
at the production facil i ty or iginated at  the  
National Institutes of Health Repository. Mice 
shipped for testing were progeny of defined 
microflora-associated parents that  were trans- 
ferred from isolators to bar r ie r -main ta ined  
rooms. Mice were shipped to the study laborato- 
ry a t  5-6 weeks of age. The animals were quar- 
antined at the study facility for 20 days. There- 
after, a complete necropsy was performed on five 
animals of each sex to assess their health status. 
The mice were placed on study at 60 days of age. 
The health of the animals was monitored during 
the course of the study according to the protocols 
of the NTP Sentinel Animal Program (Appen- 
dixH). Bacterial cultures were taken for ova- 
rian abscesses of six animals. 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro- 
duce the hybrid B6C3F1 study animal. In mid- 
1981, data were obtained tha t  showed incom- 
patibil i ty between the  NIH C3H reference 
colony and the C3H colony from a Program sup- 
plier. In August 1981, inbred parental lines of 
mice were further tested for genetic integrity via 
isozyme and protein electrophoresis profiles that 
demonstrate phenotype expressions of known 
genetic loci. 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE FEED STUDIES 
OF PENTACHLORONITROBENZENE 

Thirteen-Week 
Studies 

Two-year 
Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 

Doses 

10 males and 10 females 49 or 50 males and 50 females 

Ma1e--0,1,250,2,500,5,000,10,000, or 0,2,500, or 5,000 ppm 
20.000 m m  oentachloronitrobenzene in feed; pentachloronitrobenzene in feed 
female-%, 2,500,5,000,10,000, 
20,000, or 40,000 ppm 
pentachloronitrobenzene in feed 

Date of First Dose 5/6/80 

Date of Last Dose 8/5/80-8/7/80 

Duration of Dosing 13 wk 

Type and Frequency of Observed 2 X d; weighed 1 X wk 
Observation 

Necropsy and Histologic Necropsy and histologic examination 
performed on all animals; the following 
tissues examined from control and 
high dose groups: gross lesions and 
tissue masses, mandibular lymph nodes, 
mammary gland, skin, salivary gland, 
sternebrae, thyroid gland, parathyroids, 
small intestine, colon, liver, skin, 
prostateltestes or ovaries/uterus, lungs 
and bronchi, heart, esophagus, stomach, 
brain, thymus, trachea, pancreas, 
spleen, kidneys, adrenal glands, urinary 
bladder, pituitary gland, spinal cord 
(if neurologic signs present), and eyes 
(ifgrossly abnormal). 

Examination 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species B6C3F1 mice 

Animal Source Harlan Industries (Indianapolis, IN) 

Study Laboratory 

Method of Animal Ear punch 

EG&C Mason Research Institute 

Identification 

Time Held Before Study 

Age When Placed on Study 

20 d 

8-9 wk 

Age When Killed 21-22 wk 

Necropsy Dates 8/5/80-8/7/80 

6/9/8 1 

513 1/83 

103 wk 

Same a s  13-wk studiesexcept weighed 
1 X wk for 12 wk; monthly thereafter 

Necropsy and histologic examination 
performed on all animals; the following 
tissues examined from all control, low dose 
female mice, and high dose animals, and 
all low dose male mice dying early: 
tissue masses, skin, abnormal regional 
lymph nodes, mammary gland, salivary 
gland, bone marrow, costochondral junc- 
tion, thymus, larynx, trachea, lungs 
and bronchi, heart, thyroid gland, 
parathyroids, esophagus, stomach, 
duodenum, jejunum, ileum, colon, 
mesenteric lymph nodes, liver, 
gallbladder, pancreas, spleen, 
kidneys, adrenal glands, urinary 
bladder, seminal vesiclestprostate/ 
testes or ovaries/uterus, brain, 
pituitary gland, and cecum. In addition, 
gross lesions, livers, and nasal cavities 
examined for all low dose male mice. 

B6C3F1 mice 

Charles River Breeding Laboratories 
(Kingston, NY) 

Same a s  13-wk studies 

Ear punch 

20 d 

8-9 wk 

112-113 wk 

6/7/83-6/10/83 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS I N  THE F E E D  STUDIES OF 
OF PENTACHLORONITROBENZENE (Continued) 

Thirteen-Week 
Studies 

Two-year  
Studies  

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Method of Animal 
Distribution 

Feed 

Bedding 

Water 

Cages 

Cage Filters 

Animals per Cage 

Other  Chemicals o n  Study 
in  the  Same Room 

Animal Room 
Environment  

All animals assigned to weight classes; 
animals a t  extreme ends discarded, and 
remaining animals of each sex distributed 
such that the average body weights for 
each group approximately equal. 

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

Aspen-bed hardwood chips (American 
Excelsior Co., Baltimore, MD) used when 
available; otherwise Beta hardwood chips 
( A w a y ,  Inc., Syracuse, N Y )  used. 

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

Polycarbonate (Lab Products, Rochelle 
Park, NJ )  

Nonwoven fiber filter (Snow Filtration, 
Cincinnati, OH) 

5 

None 

Temp--17"- 30" C, mean 23" C; 
hum--54%-80%, mean 76%; 
fluorescent light 12 h/d; 
10-12 room air  changes/h 

Same as  13-wk studies 

Same as 13-wk studies 

Aspen-bed heat-treated hardwood chips 
(American Excelsior Co., Baltimore, MD) 

Same as  13-wk studies 

Same as 13-wk studies 

Same as 13-wk studies 

5 

None 

Temp--22.9" C (mean); 
hum--41.6% (mean); 
fluorescent light 12 h/d; 
15.2 room air  changes/h 

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

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

The animals were housed five per cage. Feed 
and water were available ad libitum. Further 
details of animal maintenance a r e  given in  
Table 4. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per week. 
Body weights by cage were recorded once per 
week for the first 12 weeks of the studies and 
once per month thereafter. Mean body weights 
were calculated for each group. Animals found 
moribund and those surviving to the end of the 
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studies were humanely killed. A necropsy was 
performed on all animals including those found 
dead, unless they were excessively autolyzed or 
cannibalized, missexed, or found missing. Thus, 
the number of animals from which particular 
organs or tissues were examined microscopically 
var ies  and is  not necessarily equal  to the  
number of animals that were placed on study. 

During necropsy, all organs and tissues were ex- 
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em- 
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exam- 
ination of tissues was performed according to the 
“inverse pyramid” design (McConnell, 1983a,b). 
Complete histopathologic examinat ions (Ta- 
ble 4) were performed on high dose and control 
animals and on all animals dying early in the 
studies, including those in lower dose groups. In 
addition, histopathologic examinations were 
performed on all gross lesions and tissues/organs 
from animals in  the lower dose groups when 
chemically related neoplastic or nonneoplastic 
effects were identified in the high dose animals. 
If mortality in a high dose group exceeded that 
in the control group by 15%, complete histo- 
pathologic examinations were performed on all 
of the animals in the second highest dose group 
in addition to those in the high dose group. 

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

Representative slides selected by the Chair- 
person were reviewed by the PWG, which in- 
cludes the  laboratory pathologist ,  wi thout  
knowledge of previously rendered diagnoses. 
When the consensus diagnosis of the PWG dif- 
fered from that of the laboratory pathologist, the 
laboratory pathologist was asked to reconsider 
the original diagnosis. This procedure has been 
described, in part, by Maronpot and Boorman 
(1982) and Boorman e t  al .  (1985). The final 
diagnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. For subsequent analysis of pathology 
data, the diagnosed lesions for each tissue type 
a re  combined according to the guidelines of 
McConnell et  al. (1986). 

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

Statistical Methods 

Data Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et  al., 1974). The data elements 
include descriptive information on the chemi- 
cal s , ani ma 1 s , e x pe r i m e n t a 1 de sign , s u r v i v a 1, 
body weight, and individual pathologic results, 
a s  recommended by the International Union 
Against Cancer (Berenblum, 1969). 

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

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

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

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

Life Table Analyses--The first method of analy- 
sis assumed that all tumors of a given type ob- 
served in animals dying before the end of the 
study were “fatal”; i.e., they either directly or in- 
directly caused the death of the animal. Accord- 
ing to this approach, the proportions of tumor- 
bearing animals in the dosed and control groups 
were compared a t  each point in time at which an 
animal died with a tumor of interest. The de- 
nominators of these proportions were the total 
number of animals at risk in each group. These 
results, including the data from animals killed 

a t  the end of the study, were then combined by 
the Mantel-Haenszel method to obtain a n  over- 
all P value. This method of adjusting for inter- 
current mortality is the life table method of Cox 
(1972) and of Tarone (1975). The underlying 
variable considered by this analysis is time to 
death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

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

Unadjusted Analyses--Primarily, survival-ad- 
justed methods are  used to evaluate tumor inci- 
dence. In addition, the results of the Fisher ex- 
act test for pairwise comparisons and the Coch- 
ran-Armitage linear trend test (Armitage, 1971; 
Gart e t  al.,  1979) are  given in the appendixes 
containing the analyses of primary tumor inci- 
dence. These two tests are  based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 

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

THIRTEEN-WEEK STUDIES 

All the female mice that received 40,000 ppm 
pentachloronitrobenzene died before the end of 
the studies (Table 5). The final mean body 
weight of mice that received 10,000 or 20,000 
ppm was 7% or  8% lower t h a n  t h a t  of t he  
controls for males  and  5% or  7% lower for 
females. Data on feed consumption by the dosed 
groups (collected from group-housed animals) 
suggest that  the dosed groups consumed more 
feed than did the control groups (Table 5)) but 
scattering of feed (which could not be measured 
accurately) affects the interpretation of these 
data. The liver weight to body weight ratios in 
all dosed groups were increased compared with 
those of controls (Table 6). The only compound- 
related clinical signs reported were small body 
size and emaciation in 10/10 males a t  20,000 
ppm and 10/10 females at  20,000 and 40,000 
Ppm. 

Lymphoid depletion of the spleen, mesenteric 
lymph node, or thymus was seen in 8/9 female 
mice examined in the 40,000-ppm group. No 
compound-related lesions were seen in male  
mice. 

A spectrum of inflammatory and proliferative 
lesions was seen in the lung of all dosed groups 
and was considered consistent with that associ- 
ated with Sendai virus infection. The lung le- 
sions found in both control and dosed animals 
included acute inflammation of bronchioles and 
alveolar epithelial hyperplasia. 

Dose Selection Rationale: Because of weight 
gain depression in males and females at 10,000 
and 20,000 ppm and deaths and histopathologic 
effects at 40,000 ppm in the female mice, concen- 
trations selected for mice for the 2-year studies 
were 2,500 and 5,000 ppm pentachloronitro- 
benzene in feed. 

TABLE 5. SURVIVAL, MEAN BODY WEIGHTS, AND FEED CONSUMPTION OF MICE IN THE 
THIRTEEN-WEEK FEED STUDIES OF PENTACHLORONITROBENZENE 

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

(Ppm) (percent) Week4 Week 12 

MALE 

0 
1,250 
2,500 
5,000 

10,000 
20,000 

FEMALE 

0 
2,500 
5,000 

10,000 
20,000 
40,000 I 

10/10 
10i10 
10/10 
10i10 
1011 0 
1 O i l  0 

10i10 
10i10 
10i10 
10i10 
10/10 

:e) 0/10 

22.8 2 0.7 29.9 f 0.9 + 7.1 f 0.6 
22.6 f 0.4 30.8 f 0.6 + 8.2 f 0.5 
23.2 2 0.5 30.2 f 0.5 + 7.0 f 0.3 
22.5 k 0.4 30.0 f 0.5 + 7.5 k 0.3 
22.4 f 0.6 27.8 f 0.4 + 5.3 f 0.6 
22.3 k 0.6 27.5 f 0.7 + 5.2 & 0.5 

18.7 k 0.3 25.9 f 0.5 + 7.2 k 0.4 
19.0 k 0.2 25.9 f 0.5 + 6.9 f 0.4 
18.8 f 0.3 24.9 f 0.3 + 6.1 k 0.2 
19.0 2 0.2 24.7 f 0.4 + 5.7 k 0.3 
18.8 Zt 0.3 24.1 k 0.3 + 5.3 * 0.3 
18.8 & 0.3 (D (D 

._ 
103.0 
101.0 
100.3 
92.6 
92.0 

_ _  
100.0 
96.1 
95.4 
93.1 

(f) 

4.3 
5.0 
4.6 
4.7 
5.2 
7.3 

4.4 
4.9 
5.3 
7.3 
8.3 
(D 

5.2 
7.1 
6.1 
7.5 
8.3 
8.6 

4.7 
5.7 
7.8 
8.0 
9.2 
(D 

( a )  Number surviving/number in group 
(b) Initial mean group body weight * standard error ofthe mean 
( c )  Mean weight change ofthe group _+ standard error of the mean 
(d) Grams of feed consumed per animal per day 
( e )  Week ofdeath: all died within the first 2 weeks 
(D No data are reported due to the 100% mortality in this group. 
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TABLE 6. ABSOLUTE AND RELATIVE LIVER WEIGHTS OF MICE IN THE TFJRTEEN-WEEK FEED 
STUDIES OF PENTACHLORONITROBENZENE (a) 

Liver WeighU 
Concentration Liver Weight Necropsy Body Weight 

(Ppm) (grams) Ratio (mg&) 

MALE 

0 
1,250 
2,500 
5,000 

10,000 
20,000 

FEMALE 

0 
2,500 
5,000 
10,000 
20,000 

1.52 f 0.27 
(b) 1.83 f 0.23 
(c) 2.14 f 0.27 
(c) 2.14 f 0.27 

1.74 f 0.12 
1.67 k 0.18 

1.31 f 0.13 
(b) 1.56 f. 0.14 
( c )  1.70 & 0.23 
(c) 1.73 f 0.29 

1.51 f. 0.20 

52.3 f 7.08 
58.6 f. 5.09 

(d69.2 f. 6.79 
(d70.1 f 8.08 
(d63.1 f 4.37 
(d62.8 f 6.34 

52.2 f 4.73 
60.7 f 5.49 

(d66.6 f 8.05 
(c) 68.5 f 11 .OO 
(d65.0 ?I 7.06 

(a)  Mean f standard deviation 
(b) P<0.05 by Dunnett’s test (Dunnett, 1955) 
(c) P<O.Ol by Dunnett’s test 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Final mean body weights of low dose and high 
dose male mice were 96% and 90% tha t  of 
controls (Table 7 and Figure 1). The mean body 
weights of high dose female mice were more 
than 10% lower than those of the controls after 
week 20 and 21% lower by week 104. Mean body 
weights of low dose female mice were more than 
10% lower than those of the controls after week 
88. No compound-related clinical observations 
were reported. 

The estimated average daily feed consumption 
by group-housed mice is listed in Appendix I. 
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The data suggest that  the dosed groups con- 
sumed more feed a t  certain time points than did 
the corresponding controls, but some feed was 
scattered, and it is not possible to determine if 
dosed groups actually ate more feed than did the 
controls. Based on these data ,  the  average 
amount of pentachloronitrobenzene consumed 
per day was estimated to be 400 mg/kg or 1,000 
mg/kg for low dose and high dose male mice and 
600 mg/kg or 1,400 mg/kg for low dose and high 
dose female mice (Tables I1 and 12). The ex- 
pected feed consumption in control B6C3F1 mice 
is 4 g per mouse per day; thus, this estimation of 
pentachloronitrobenzene consumed is probably 
high due to feed scattering. 
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TABLE 7. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES 
OF PENTACHLORONITROBENZENE 

Weeks Control 2,500 ppm 5,000 ppm 
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 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
6 1  
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
61 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

25.2 
28.2 
28.4 
29.8 
30.6 
31.0 
32.0 
32.1 
33.7 
33.5 
34.8 
34.4 
34.6 
35.8 
37.3 
38.6 
39.5 
38.0 
41.6 
42.7 
43.5 
43.2 
43.1 
43.0 
41.6 
42.4 
40.9 
41.1 
41.8 
41.3 
39.9 
40.2 
40.5 
39.1 
38.7 
40.6 

19.3 
19.7 
21.8 
22.5 
23.7 
23.9 
24.8 
25.5 
26.3 
27.8 
27.0 
27.5 
27.9 
29.5 
31.9 
34.5 
35.6 
35.0 
37.8 
39.9 
41.6 
42.9 
43.8 
42.7 
41.9 
43.9 
44.4 
43.5 
46.1 
46.3 
45.9 
46.2 
48.4 
47.7 
49.8 
49.2 

50 
50 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 
46 
46 
46 
42 
41  
38 
34 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
48 
47 
46 
44 
44 
43 
38 
37 
33 
32 
3 1  
30 

25.6 
28.6 
28.9 
30.1 
31.0 
31.4 
32.3 
32.4 
33.4 
35.0 
34.6 
33.6 
34.6 
35.8 
37.1 
38.5 
38.8 
38.1 
40.5 
40.9 
42.3 
41.9 
41.5 
41.8 
41.4 
42.7 
41.1 
40.8 
42.8 
41.3 
39.9 
40.1 
39.9 
38.8 
39.0 
39.0 

18.9 
17.3 
21.5 
22.4 
23.1 
23.3 
24.2 
24.6 
25.4 
28.4 
26.1 
25.9 
26.3 
28.3 
29.9 
31.7 
33.2 
32.5 
35.0 
36.3 
37.8 
39.3 
39.6 
39.3 
39.5 
39.6 
39.7 
39.7 
41.0 
42.5 
42.2 
41.5 
41.4 
41.4 
41.6 
40.5 

102 
101 
102 
101 
101 
101 
101 
101 
99 

104 
99 
98 

100 
100 
99 

100 
98 

100 
97 
96 
97 
97 
96 
97 

100 
101 
100 
99 

102 
100 
100 
100 
99 
99 

101 
96 

98 
88 
99 

100 
97 
97 
98 
96 
97 

102 
97 
94 
94 
96 
94 
92 
93 
93 
93 
9 1  
91 
92 
90 
92 
94 
90 
89 
9 1  
89 
92 
92 
90 
86 
87 
84 
82 

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 
46 
46 
46 
46 
46 
39 
36 
32 
3 1  

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
48 
48 
45 
44 
43 
41  
41  
36 
34 
26 
26 
21 
20 
20 

25.2 
27.9 
28.3 

2; 
30.4 
31.2 
31.4 
31.9 
32.6 
33.1 
32.6 
33.1 
34.1 
35.5 
36.2 
36.7 
36.0 
37.9 
38.4 
38.4 
38.9 
38.7 
38.7 
38.4 
38.4 
38.9 
38.4 
38.7 
38.0 
37.4 
38.1 
36.1 
37.4 
37.2 
36.7 

19.3 
17.9 
22.0 
22.9 
23.3 
23.8 
24.6 
24.9 
25.4 
26.3 
26.2 
26.0 
26.6 
28.0 
29.5 
30.6 
32.0 
31.2 
34.0 
34.7 
36.9 
36.4 
36.5 
35.8 
35.7 
34.0 
37.6 
36.3 
38.1 
38.0 
37.1 
37.9 
36.6 
38.4 
37.9 
39.0 

100 
99 

100 
98 
98 
95 
95 
98 
95 
97 
95 
95 
96 
95 
95 
94 
93 
95 
91 
90 
88 
90 
90 
90 
92 
9 1  
95 
93 
93 
92 
94 
95 
89 
96 
96 
90 

100 
9 1  

101 
102 
98 

100 
99 
98 
97 
95 
97 
95 
95 
95 
92 
89 
90 
89 
90 
87 
89 
85 
83 
84 
85 
77 
85 
83 
83 
82 
81 
82 
76 
8 1  
76 
79 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
48 
48 
48 
48 
48 
48 
48 
47 
47 
45 
45 
45 
44 
44 
42 
41 
39 
35 
33 
32 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 
46 
41  
41  
40 
38 
36 
30 
25 
22 
20 
18 
14 
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III. RESULTS 

Survival 

Estimates of the probabilities of survival for 
male and female mice fed diets  containing 
pentachloronitrobenzene a t  the concentrations 
used in these studies and for the controls are  

shown in the Kaplan and Meier curves in  
Figure 2. The survival of the high dose group of 
female mice was significantly lower than that of 
the controls after week 86 (Table 8). No other 
significant differences in survival were observed 
between any groups of either sex. 

TABLE 8. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OF PENTACHLORONITROBENZENE 

Control 2,500 p p m  5,000 p p m  

MALE (a) 

Animals initially in study 50 50 
Nonaccidental deaths before termination (b) 14 19 
Animals missexed 1 0 
Killed at  termination 34 31 
Died during termination period 1 0 
Survival P values (c) 0.401 0.388 

FEMALE (a) 

Animals initially in study 50 50 
Nonaccidental deaths before termination (b) 20 25 
Accidentally killed 0 (d) 5 
Killed at termination 30 18 
Died during termination period 0 2 
Survival P values (c) 0.004 0.261 

50 
18 
0 

32 
0 
0.451 

50 
35 
0 

14 
1 
0.005 

(a) Terminal-kill period: week 104 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the control column, and the results of the life table pairwise comparisons with the 
controls a r e  in the dosed columns. 
(d) Deaths due to drowning 
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III. RESULTS 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the ovary, 
hematopoietic system, liver, and spleen. 

Lesions in male mice a re  summarized in Appen- 
dix A. Histopathologic findings on neoplasms 
are summarized in Table A l .  Table A2 gives the 
survival and tumor status for individual male 
mice. Table A3 contains the statistical analyses 
of those primary tumors that occurred with an  
incidence of a t  least 5% in one of the three  
groups. The statistical analyses used a re  dis- 
cussed in Chapter II (Statistical Methods) and 
Table A3 (footnotes). Findings on nonneoplastic 
lesions are  summarized in Table A4. 

Lesions in female mice are  summarized in Ap- 
pendix B. Histopathologic findings on neo- 
plasms are  summarized in Table B1. Table B2 
gives the survival and tumor status for indivi- 
dual female mice. Table B3 contains the statis- 
tical analyses of those primary tumors that oc- 
curred with an  incidence of at least 5% in one of 
the three groups. The statistical analyses used 
are discussed in Chapter I1 (Statistical Methods) 
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and Table B3 (footnotes). Findings on nonneo- 
plastic lesions are  summarized in Table B4. 

Ovary: Ovarian abscesses, characteristic of bac- 
terial infection, were observed in all groups of fe- 
male mice (control, 12/49, 24%; low dose, 22/50, 
44%; high dose, 29/50, 58%); the incidences in 
the dosed groups were significantly (P < 0.05) 
greater than that in the controls. Six abscesses 
were cultured, and the bacteriologic findings in- 
dicated Klebsiella in five of the six samples (Ap- 
pendix H, Table H2). 

Hematopoietic System: Plasma cell hyperplasia 
of the mediastinal lymph node was observed a t  
a n  increased (P C 0.01) incidence in high dose fe- 
male mice (control, 1/44, 2%; low dose, 4/47, 9%; 
high dose, 9/45,20%). 

Liver: Hematopoiesis was observed at increased 
(P<O.Ol) incidences in dosed female mice: con- 
trol, 9/50 (18%); low dose, 21/50 (42%); high dose, 
23/50 (46%). This effect was not seen in male 
mice (control, 0149; low dose, 2/50,4%; high dose, 
0150). 

Spleen: Hematopoiesis was  observed a t  in- 
creased (P < 0.05) incidences in dosed female 
mice: control 14/50 (28%); low dose, 23/48 (48%); 
high dose, 27/50 (54%). 
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IV. DISCUSSION AND CONCLUSIONS 

Study Design 

Studies of the toxicology and carcinogenicity of 
pentachloronitrobenzene were conducted in  
B6C3F1 mice of each sex because previous pen- 
tachloronitrobezene mouse studies (NCI, 1978) 
had low male mouse survival, incomplete his- 
tologic examination of livers from dosed female 
mice, and small control group size. In the pres- 
ent 2-year studies, pentachloronitrobenzene was 
administered in feed a t  concentrations of 0,  
2,500, or 5,000 ppm to male and female B6C3F1 
mice for 103 weeks. These doses for the 2-year 
studies were selected because in the 13-week 
studies, in which the chemical was administered 
in feed a t  doses up to 20,000 ppm in male mice 
and up to 40,000 ppm in female mice, weight 
gain depression was seen a t  10,000 ppm and 
above in males and females and deaths occurred 
a t  40,000 ppm in females. Liver weight to body 
weight ratios were increased in dosed groups, al- 
though no compound-related lesions were seen 
in the liver. Compound-related histopathologic 
alterations seen in  the 13-week studies were 
limited to lymphoid depletion in the spleen, 
lymph nodes, and thymus in females a t  40,000 
ppm; no compound-related histopathologic le- 
sions were seen in male mice. 

Survival and Body Weight 

Survival of male mice in the 2-year studies was 
comparable in control and dosed groups (control, 
35/50; low dose, 31/50; high dose, 32/50). Final 
mean body weights of low dose and high dose 
male mice were 96% and 90% that of controls. 

All groups of female mice showed evidence of 
bacteria1 infection. Klebsiella was isolated from 
five of six ovarian abscesses cultured. Ovarian 
lesions, primarily associated with Klebsiella, 
have been seen in other female B6C3F1 mice, 
and the incidence of this infection reaches a peak 
in animals 23-26 months of age (Rao et  al., 1986 
[draft]). At week 84, 38/50 control, 34/50 low 
dose, and 30/50 high dose female mice were still 
alive; after week 84, survival in dosed groups de- 
creased and the deaths were attributed to the 
combination of chemical administration and in- 
fection (final survival: control, 30/50; low dose, 
20150; high dose, 15/50). The mean body weight 
of high dose female mice was greater than 10% 

lower than that of the controls after week 20 and 
by week 104 was 21% lower than that of con- 
trols. The mean body weight of low dose female 
mice was within 10% of the control group until 
week 88 and was 18% lower than the controls by 
week 104. Decreased survival in dosed female 
mice is considered to have decreased the sensi- 
tivity of the study to determine the presence or 
absence of a carcinogenic response. 

Pathologic Findings 

Gross and microscopic pathologic findings in fe- 
male mice were limited to those considered to be 
secondary to bacterial infection, including he- 
matopoiesis of the liver and spleen, plasma cell 
hyperplasia of the mediastinal lymph nodes, and 
ovarian abscesses (control, 12/49; low dose, 
22/50; high dose, 29/50). The association be- 
tween the lesions in the liver, spleen, and lymph 
nodes and the presence of ovarian abscess in the 
same animal was significant a t  P 10.05 in each 
dosed group. The majority of animals with 
ovarian abscess died before study termination 
(control, 11/12; low dose, 18/22; high dose, 
27/29). Ovarian infection was seen in all groups 
of female mice, but the incidence was higher in 
pentachloronitrobenzene-dosed animals, indi- 
cating that pentachloronitrobenzene might pre- 
dispose the female mouse to infection. 

No compound-related neoplastic lesions were 
seen in any organ system in either male or fe- 
male mice. There was no indication of a carcino- 
genic response in the liver of mice, although it 
had been previously reported by Innes e t  al .  
(19691, who used pentachloronitrobenzene with 
a suspected hexachlorobenzene contaminant. 
These results support the findings of the previ- 
ous NC1 studies (NCI, 1978) in which pentachlo- 
roni t robenzene,  a d m i n i s t e r e d  i n  feed to 
Osborne-Mendel ra ts  and B6C3F1 mice for 2 
years, showed no compound-related neoplastic 
lesions. The doses for male mice in the current 
studies and the time-weighted-average dose in 
the previous NC1 studies were similar; the time- 
weighted-average doses for female mice in the 
NC1 studies were somewhat higher (4,093 and 
8,187 ppm) than those in these studies, but the 
female mice were initially s ta r ted  a t  doses 
(2,320 and 4,640 ppm) similar to those used in 
these studies. 
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IV. DISCUSSION AND CONCLUSIONS 

Mutagenicity 

The available data  suggest that  pentachloro- 
nitrobenzene does not induce gene mutations, 
but a few studies indicate that it is clastogenic. 
George et al. (1970) demonstrated that  penta- 
chloronitrobenzene caused chromosomal breaks 
and anaphase bridge formation i n  ba r l ey  
seedlings after treatment of seeds with 250 or 
500 ppm pentachloronitrobenzene for 1-2 hours. 
However, no dose response was observed.  
Georgopoulos et  a l .  (1976) reported a 3%-7% 
incidence of sectoring in heterozygous colonies of 
the mold Aspergillus nidulans after treatment 
with pentachloronitrobenzene a t  concentrations 
of 5, 10, or 17 pM, indicating that pentachloro- 
nitrobenzene induces somatic segregation in this 
fungal species. However, the relationship be- 
tween these observations and clastogenicity has 
not been established. NTP studies show penta- 
chloronitrobenzene to be a n  inducer of chro- 
mosomal aberrations in Chinese hamster ovary 
cells at doses of 7.5, 24.0, or 75.0 pg/ml both in 
the presence and absence of metabolic activa- 
tion. Although 2% of the cells showed complex 
rearrangements, most of the aberrations ob- 
served were simple chromosomal and chromatid 
breaks. However, in the absence of S9, neither 
the increases in aberrations (which ranged from 
approximately fivefold to tenfold over baseline) 

nor increases in the percentage of cells with 
aberrations (which ranged from approximately 
twofold to fourfold over baseline') were correlated 
to dose. Evidence of genetic toxicity that  is 
limited to induction of chromosomal aberrations 
and for which the response is either inversely 
proportional or unrelated to dose is unusual. 
Further cytogenetic studies, both in vivo and in 
vitro, would be required to understand the 
genetic toxicity of pentachloronitrobenzene. 

The experimental and tabulated data  for the 
NTP Technical Report on pentachloronitroben- 
zene were examined for accuracy, consistency, 
and compliance with Good Laboratory Practice 
requirements. As summarized in Appendix K, 
the audit revealed no major problems with the 
conduct of the studies or with the collection and 
documentation of the experimental data. No dis- 
crepancies were found that influenced the final 
interpretation of the results of these studies. 

Conclusions: Under the conditions of these 2- 
year feed studies, there was no evidence of car- 
cinogenicity* for either male or female B6C3F1 
mice receiving 2,500 or 5,000 ppm of pentachlo- 
ronitrobenzene. Infection is considered to have 
decreased survival of the female mice and thus 
reduced the sensitivity for determining the pres- 
ence or absence of a carcinogenic response. 

*Categories of evidence of carcinogenicity are defined in the Note to the Reader on page 2.  
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 8. 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE 

CONTROL LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Squamous cell carcinoma 
*Subcutaneous tissue 

Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

(49) (50) (50) 

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

1 (2%) 1 (2%) 
1 (2%) 3 (6%) 1 (2%) 
6 (12%) 8 (16%) 6 (12%) 

RESPIRATORY SYSTEM 
#Lung (49) (14) (50) 

Carcinoma, NOS, metastatic 1 (2%) 
Squamous cell carcinoma, metastatic 1 (2%) 
Hepatocellular carcinoma, metastatic 2 (4%) 1 (7%) 3 (6%) 
Alveolar/bronchiolar adenoma 9 (18%) 3 (21%) 5 (10%) 
Alveolar/bronchiolar carcinoma 1 (7%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, undiffer type 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, mixed type 

Malignant lymphoma, undiffer type 
Malignant lymphoma, mixed type 

Alveolar/bronchiolar carcinoma, metastatic 

Squamous cell carcinoma, metastatic 

Malignant lymphoma, undiffer type 

Fibrosarcoma, metastatic 

Malignant lymphoma, histiocytic type 

#Spleen 

#Bronchial lymph node 

#Mediastinal lymph node 

#Mesenteric lymph node 

#Axillary lymph node 

#Liver 

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

(50) 
2 (4%) 

1 (2%) 

1 (5%) 
1 (5%) 

(21) 

(25) 

(25) 

(25) 

(25) 

(50) 
1 (4%) 

2 (4%) 

(50) 
1 (2%) 

1 (2%) 
(49) 

(49) 

(49) 
1 (2%) 

(49) 

(49) 
1 (2%) 

(50) 

CIRCULATORY SYSTEM 

Hemangioma 

Hemangiosarcoma, unclear primary or metasta 1 (2%) 

Alveolar/bronchiolar carcinoma, metastatic 

*Subcutaneous tissue (49) 

#Spleen (49) 

#Heart  (49) 

#Liver (49) 
Hemangiosarcoma 1 (2%) 
Hemangiosarcoma, unclear primary or metasta 1 (2%) 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Adenocarcinoma, NOS 
#Jejunum 

(49) (50) (50) 

(48) (10) (47) 

11 (22%) 8 (16%) 11 (22%) 
8 (16%) 11 (22%) 6 (12%) 

1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

URINARY SYSTEM 
None 

ENDOCRINE SYSTEM 
#Pituitary intermedia 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 
Follicular cell carcinoma 

(45) (10) (47) 

(48) (10) (49) 

(44) (11) (46) 

1 (2%) 

1 (2%) 1 (2%) 

1 (9%) 
1 (9%) 

REPRODUCTIVE SYSTEM 
None 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 

Carcinoma, NOS 
Adenoma, NOS 

+Harderian gland (49) (50) 
1 (2%) 
1 (2%) 

(50) 
2 (4%) 

MUSCULOSKELETAL SYSTEM 

Rhabdomyosarcoma 
*Skeletal muscle (49) 

1 (2%) 
(50) (50) 

BODY CAVITIES 
*Pleura 

Mesothelioma, malignant 
(49) (50) (50) 

1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Carcinoma, NOS, metastatic 
Fibrosarcoma, metastatic 
Carcinosarcoma, metastatic 
Osteosarcoma, metastatic 

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

1 (2%) 
1 (2%) 

1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Animal missexed 

50 
7 
8 

34 
1 

50 
10 
9 

31 

50 
11 
7 

32 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain-. 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

primary or metastatic 
Total uncertain tumors 

30 
50 
19 
23 
19 
25 
6 
7 

1 
2 

34 29 
48 40 
15 17 
16 19 
25 17 
30 21 

3 5 
3 6 

1 
2 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE: UNTREATEDCONTROL 

t o o o o o o o o o  IMAL 
NUMBER 1 4 3 0 4 2 1 2 2 4 2 5 1 2 3 0 0 0 0 0 0 0 0 1 1  

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

Skin 

Subcutaneous tissue 
Squamous cell carcinoma 

Fibroma 
Fibrosarcoma 

Lungs and bronchi 
Squamous cell carcinoma. metastatic 
Hepatocellular carcinoma, metastatic 
Alveolar/bronchiolar adenoma 

Trachea 

Bone marrow 
Spleen 

Lymph nodes 

Hemanposarcoma unclear nmary  or  metastatic 
Malignant lymphoma. undiger type 

Squamous cell carcinoma. metastatic 
Thymus 

Heart 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 
Hemangiosarcoma, unclear pnmary  or  metastatic 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 

Large intestine 

Kidney 
Unnary bladder 

Pituitary 
Adrenal 

Thyroid 
Parathyroid 

:t%rs 
Adenocarcinoma, NOS 

Pheochromocytoma 

Mammary gland 
Testis 
Prostate 

Brain 

Hardenan gland 
Carcinoma. NOS 
Adenoma, NOS 

ORGANS 

WEEKS ON 
STUDY 

. . . . . . . . . . . . . . . . . . . . . . . . .  
S + t + + + + + + + + + + + + + + + + + + + t + +  

X 

X x x  x x  x 

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

X X X x x  
S + + + + + t + + + + + + + + + + + + + t + + + +  

S + + + t + + + t + + + + + + + + t + + + + ~ + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

S - + + - + + - - + + + + + + + + + + + + + + + +  

s + - + - - - - -  + - + + + - t + + + + + + + + +  

X X 

X 

X 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
S + + + + + + + + + + + + + + + + + + t + + ' + f  x x x x x  x x x  x x  x x x  

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
S + N N + + + + + N + + + + + + + + + + + + + N +  
S + + + t + + + + + + + + + + + t + + + + + + + +  
S + + + + + + + + + + + + + + + + + + + + + + + +  
S + + + + + + + + + + + + + + + + + + + + + + + +  
S + + + + + + + - + + + + + + + + + + + + + + + +  

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

S + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

S + + + + + + - + + + + - + + + + + + + + + + + +  
S - + + + + + + + + + + + + + + + + + + + + + + +  

S + t + + + - + - + + + + + + + + + + + + t + t +  
s + - + - - - - - - + + - - + - - + + + + + + - -  

X 

S N N N N N N N N N N N N N N N N N N N N N N N N  
. . . . . . . . . . . . . . . . . . . . . . . . .  
S + - + + + - + + + + + + + + + + + + + + + + + +  

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

S 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 

Muscle 
Rhabdomyosarcoma 

S 
Multiple organs, NOS 

Carcinoma. NOS. metastatic 

S 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 

S 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 

CarcinosaGoma metastatic 
Osteosarcoma, ;etastatic 
Malignant lymphoma, undiffer type 
Malignant lymphoma, lymphocytic type 

+ Tissue examined microscopically 
- 
X Tumor incidence 
N 
S Animal missexed 

Required tissue not examined microscopically 

Necropsy, no autolysis, no microscopic examination 

Pentachloronitrobenzene, N T P  T R  325 

' No tissue information submitted 
Ci 
A Autolysis 
M: Animal missing 
B: No necropsy performed 

Necropsy. no histology due to protocol 

46 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: UNTREATED CONTROL 
(Continued) 

ANIMAL 
NUMBER 

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

WEEKS ON 
STUDY 

47 

TOTAL: 
1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 TISSUES 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TUMORS 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Pentachloronitrobenzene, NTP TR 325 

Skin 

Subcutaneous tissue 
Squamous cell Carcinoma 

Fibroma 
Fibrosarcoma 

Lungs and bronchi 
Squamous cell carcinoma, metastatic 
Hepatocellular carcinoma. metastatic 
Alveolar/bronchiolar adenoma 

Trachea 

Bone marrow 
Spleen 

Lymph nodes 

Thymus 

Heart 

Salivary gland 
Liver 

Hemangiosarcoma unclear n m  or  me 

Squamous cell carcinoma, metastatic 

Malignant lymphoma, undi#er type 

EM 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemangiosarcoma 
Hemannosarcoma. unciear p n m  or me 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 

Large intestine 

Kidney 

:;:::rs 
Adenocarcinoma. NOS 

Unnary  bladder 

Pituitary 

Thyroid 
Parathyroid 

Adrenal 
Pheochromocytoma 

Mammary gland 
Testis 
Prostate 

Brain 

Hardenan gland 
Carcinoma. NOS 
Adenoma, NOS 

Muscle 
Rhabdomyosarcoma 

s 
Multiple organs, NOS 

Carcinoma, NOS. metastatic 
Carcinosarcoma. metastatic 
Osteosarcoma, metastatic 
Malignant lymphoma, undiffer type 
Malignant lymphoma, lymphocytic type 

Animals necropsied 

. . . . . . . . . . . . . . . . . . . . . . . . .  '49 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  '49 
1 

X 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 
2 

X X x x  9 + - + + + + + + + + + + + + + + + + + + + + + + +  48 

+ + +  + + +  + + + + t + +  + + + + + + +  + t t + +  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
X 1 + + + + + + + + + + + + + + + + + + + + + + + + +  45 

1 
+ + + + - + + + + + + + - + + + + - + - + + - - +  35 

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

+ + + + + + + +  + +  + t +  + + + + + + + + + + + +  48 . . . . . . . . . . . . . . . . . . . . . . . . .  49 
x x  X x 11 

X X 8 
1 
1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
+ + + N + + t + + + + + t + + + N + + + N N + t +  '49 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  46 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + t + + + + + t + + + + + + + t + + C + f  49 . . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  45 
+ + + + + + + + + + + t +  + + + + + + + + + + + +  48 

1 . . . . . . . . . . . . . . . . . . . . . . . . .  44 + - + - + - -  + - -  + + + + + + + - - - - - - - -  22 

N N N N N N N N N N N N N N N N N N N N N N N N N  '49 . . . . . . . . . . . . . . . . . . . . . . . . .  47 . . . . . . . . . . . . . . . . . . . . . . . . .  47 

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

N N N N N N N N N N N N N N N N N N N N N N N N N  '49 
X 1 

1 

N N N N N N N N N N N N N N N N N N N N N N N N N  *49 
1 

N N N N N N N N N N N N N N N N N N N N N N N N N  *49 
X 1 

1 
1 

X X 4 
X 1 



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE: LOW DOSE 

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

a O O O O O O O u O O O O O O O l l l l l l l l l  
5 7 7 7 8 8 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0  

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

AN-IMAL 
NUMBER 

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

Subcutaneous tissue 
Sarcoma. NOS 
Fibmma 
Fibrosarcoma 
Hemanlpoma 

Lungs and bronchi 
Hepatocellular earnnoma. metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Trachea 

Bone marrow 
Spleen 

- 

Hemannosarcoma. unclear n m a i y  or metastatic 
Malignant lymphoma, u n d d e r  type 
Malignant lymphoma, m m d  type 

Fibrosarcoma. metastatic 
Lymph nodes 

Thymur 

M 
Heart  

Salivary gland 
Liver 

Hepabxellular adenoma 
Hepatocellular carcinoma 
Hemannosarcoma 
HemangIo8arcomr, unclear pnmary or metastatic 
Malignant lymphoma, hratiocytic t y p  

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 
Large Intestine 

Kidney 
Unnary  bladder 

:s:er 

Pituitary 
Adrenal 
Thyroid 

Parathyroid 

Mammary gland 
Testis 
Prostate 

Follicular cell adenoma 
Follicular cell camnoma 

Brain 

S 
Multiple organs. NOS 

Fibrosarcoma metastatic 
Malignant ly&homa. undltfer typ. 
Malignant lymphoma, m u d  t y p  

~. 

+ c + + c + + + + + N + N + + N N + N C N N + N N  
X 

X 
X 

x x  
X X X 

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

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

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

X 

+ + + + + + - + + + + - - - - - - - - - - - - - -  

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

X x x  x x  X x x  x 
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + N + N + + + + N N N N + + + N + + + + + + +  + * + + + + - + * + + * - - - - + - - - - + - - -  
+ + + - + + - + * + + - - - - - - - - - - - - - -  
+ + * + + + - + + + + - - - - - - - - - - - - - -  
+ + + + + + - + + + + - - - - - - - - - - - - - -  
+ + + + + + - + + + + - - - - - - - - - - - - - -  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

0 0 0  A N I W  
NUMBER 

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

Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Hemannoma 

Lungs and bronchi 
Hepatocellular carnnoma, metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carnnoma 

Trachea 

Bone marrow 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

LymplTnodes 

Thymus 

Heafi  

Salivary gland 
Liver 

Fibrosnrcoma. matastatic 

Hepatocellular adenoma 
Hepa tocellular carnnoma 
Hemanpoaarcoma 
Hemang~osarcoma. unclear p n m  or  ma 
Malignant lymphoma, histiocytic typa 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestina 
L a r p  intestina 

Kidney 
Unnary  bladdar 

::::W 

M 

Pituitary 
Adrenal 
Thyroid 

Parathyroid 

Mammary gland 
Testis 
Prostate 

Brain 

Multiple organs. NOS 

Follicular cell adanoma 
Follicular cell camnoma 

M 

Fibrosamma. metastatic 
Malignant lymphoma u n d a a r  typa 
Malignant lymphoma: m u d  typ. 

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 
+ - + + + + - -  + + - - + - - +  - + - +  - - - - -  

- - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _  

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

X 

-1 
TOTAL. 
rISSUES 
PUMORS 

*so 
1 
3 
8 
1 

14 
1 
3 
1 

11 

16 
21 

1 
1 
1 

25 
1 
5 

10 

12 
50 
8 

11 
1 
1 
2 

50 
*so 
13 
10 
10 
10 
10 

13 
13 

10 
10 
11 

1 
1 
5 

*so 
11 
7 

10 

*so 
1 
2 
1 

* Animals necropsied 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORONITROBENZENE: HIGH DOSE 

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

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

NUMBER 
a 0 0 0  

WEEKS ON 
STUDY 

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

Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

Lunga and bronchi 
M 

Camnoma. NOS, metastatic 
Hepatocdlular camnoma.  metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma  

Trachea 

Bone marrow 
Spleen 
Lymph nodes 

Thymur 

Heart 

Alveolar/bronchiolar camnoma.  metaatatic 
Malignant lymphoma. undfler  type 

Alveolarhmnchiolar camnoma,  metaatatic 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular camnoma  
HemangIoMrcoma 

Bile duct 
Oallbladder & common bile duct 
Pancmar 

Small inteatine 
Larga intestine 

::zkr 

Kidney 
Urinary bladder 

RtUltary 
Adenoma, NOS 
Pheochromocytoma 

Admnal 

Thyroid 
Parathyroid 

Mammary gland 
Tertia 
Prostate 

Brain 

Hardenan gland 
Aprs 

Carcinoma. NOS 

Pleura 
Meaothehoma. malignant 

Multiple  organ^, NOS 
Maliprunt lymphoma. unddfar typa 
Malignant lymphoma, m u d  typ  

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

x x  X 

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

X X X 
X 

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

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

- + - - - - - - - - - + + - - - - - + + + + + - +  

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

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

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

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

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

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

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

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

NUMBER 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 

Lungs and bronchi 
Carnnoma. NOS, metastatic 
Hepatocellular camnoma.  metastatic 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma 

Trachea 

Bone marrow 
Spleen 
Lymph nodas 

Thymus 

Heart  

Alveolar/bronchiolar carcinoma. met 
Malignant lymphoma, undf le r  type 

Alveolar/bronchiolar camnoma,  metaat 

Salivary gland 
Liver 

Hepatocellular adanoma 
Hepatocellular carcinoma 
Hemanmosarcoma 

Bile duct 
Gallbladder b common bile duct 
Pancreas 

Small intestine 
Large inteatina 

Kidney 
Unnary  bladder 

Pituitary 

Adrenal 

:;::kra 

Adenoma, NOS 
Pheochromocytoma 

Thyroid 
Parathyroid 

Mammary gland 
Testis 
Prostate 

M 
Brain 

Hardenan gland 
Carnnoma, NOS 

S 
Pleura 

ALL m m  
Mesothelioma. malignant 

Multiple organs NOS 
Malignant lymphoma, undiEer tpp. 
Malignant lymphoma. m u d  t y p  

~ ~~ ~~~~~ ~ 

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

X X 
X 

X 

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

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

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

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

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

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

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  - + - -  + + + + + + + - + + + + + - + + + + - + +  

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

*50 
1 
1 
6 

50 
1 
3 
5 
1 

49 

48 
49 
49 
1 
1 

29 

50 
1 

50 
50 
11 
6 
1 

50 
* 50 
49 
45 
47 
47 
48 

49 
50 

47 
1 

49 
1 

46 
32 

'50 
50 
49 

50 

'50 
2 

'50 
1 

'50 
1 
1 

Animala necmpaid  
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN T H E  TWO-YEAR FEED STUDY O F  
PENTACHLORONITROBENZENE 

5,000 ppm Control 2,500 ppm 

Subcutaneous  Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
2.8% 
0135 (0%) 
103 
P = 0.573 
P = 0.599 
P=0.603N 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a )  6/49 (12%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 1/35 (3%) 
Week of First Observation 88 
Life Table Tests (d) P = 0.486 
Incidental Tumor Tests (d) P = 0.555N 
Cochran-Armitage Trend Test (d) P=0.543N 
Fisher Exact Test (d) 

Subcutaneous  Tissue: Sarcoma  or Fibrosarcoma 
Overall Rates (a) 6/49 (12%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 1/35 (3%) 
Week of First Observation 88 
Life Table Tests (d) P=0.378 
Incidental Tumor Tests (d) P=0.478 
Cochran-Armitage Trend Test (d) P=0.460 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a )  6/49(12%) 
Adjusted Rates (b) 14.3% 
Terminal Rates (c) 1/35 (3%) 
Week of First Observation 88 
Life Table Tests (d) P = 0.287 
Incidental Tumor Tests (d) P=0.364 
Cochran-Armitage Trend Test (d) P = 0.363 
Fisher Exact Test (d) 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 9/49 (18%) 
Adjusted Rates (b) 23.0% 
Terminal Rates (c) 6/35 (17%) 
Week of First Observation 89 
Life Table Tests (d) 
Incidental Tumor Teste (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 9/49 (18%) 
Adjusted Rates (b) 23.0% 
Terminal Rates (c) 6/35 (17%) 
Week of First Observation 89 
Life Table Test (d) 
Incidental Tumor Test (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 
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3/50 (6%) 
8.4% 
1/31 (3%) 
95 
P=0.268 
P = 0.324 

P=0.316 

8/50 ( 16%) 
22.3% 
5/31 (16%) 
71 
P=0.324 
P = 0.482 

P=0.403 

9/50 (18%) 
23.9% 
5/31 (16%) 
71 
P = 0.242 
P =0.407 

P = 0.303 

12/50 (24%) 
30.8% 
6/31 (19%) 
71 
P=0.080 
P = 0.153 

P = 0.104 

(e) 4/14 (29%) 

1/50 (2%) 
3.1% 
1/32 (3%) 
104 
P=0.737 
P = 0.750 

P=0.747N 

6/50 (12%) 
16.6% 
3/32 (9%) 
95 
P=0.548 
P= 0.624N 

P = 0.606N 

7/50 (14%) 
18.5% 
3/32 (9%) 
87 
P = 0.430 
P=0.520 

P=0.516 

8/50(16%) 
21.3% 
4/32 (13%) 
87 
P-0.325 
P = 0.392 

P = 0.403 

5/50 (10%) 
15.6% 
5/32 (16%) 
104 
P = 0.252N 
P = 0.226N 

P=O.l83N 

6/50 (12%) 
17.6% 
5/32 (16%) 
85 
P = 0.360N 
P=0.315N 

P = 0.274N 



TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR FEED STUDY O F  
PENTACHLORONITROBENZENE (Continued) 

2,500ppm 5,000 ppm Control 

Hematopoietic System: Malignant Lymphoma, Undifferentiated Type 
Overall Rates (a )  5/49(10%) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

13.3% 
4/35 (1 1%) 
78 
P =0.193N 
P =0.145N 
P=O.l51N 

.. 

(0 3/50 (6%) 
8.5% 
2/31 (6%) 
89 
P = 0.408N 
P=0.323N 

P = 0.346N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 6/49(12%) 
Adjusted Rates (b) 16.1% 
Terminal Rates (c) 5/35 (14%) 
Week of First Observation 78 
Life Table Testa (d) P=0.260N 
Incidental Tumor Testa (d) P=0.191N 
Cochran-Armitage Trend Test (d) P = 0.199N 
Fisher Exact Test (d) 

Liver: Hepatocel lular  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

11/49 (22%) 
29.7% 
9/35 (26%) 
102 
P = 0.459 
P=0.525 
P = 0.530N 

8/49 (16%) 
20.1% 
5/35 (14%) 
91 
P=0.425N 
P = 0.282N 
P = 0.327N 

Liver: Hepatocel lular  Adenoma or Carcinoma 
Overall Rates (a) 17/49 (35%) 
Adjusted Rates (b) 42.0% 
Terminal Rates (c) 12/35 (34%) 
Week of First Observation 91 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.497 
P = 0.419N 
P = 0.429N 

(0 7/50 (14%) 
17.9% 
3/31 (10%) 
89 
P = 0.440 
P = 0.587 

P=0.516 

8/50 (16%) 
24.3% 
7/31 (23%) 
89 
P=0.411N 
P =0.356N 

P = 0.288N 

11/50 (22%) 
28.3% 
5/31 (16%) 
71 
P=0.247 
P = 0.414 

P=0.323 

18/50 (36%) 
46.1% 
11/31 (35%) 
71 
P = 0.364 
P=0.563 

P = 0.530 

2/50 (4%) 
5.5% 
1/32 (3%) 
89 
P = 0.256N 
P = 0.193N 

P=0.210N 

3/50 (6%) 
8.5% 
2/32 (6%) 
89 
P = 0.289N 
P = 0.229N 

P = 0.233N 

11/50 (22%) 
28.9% 
7/32 (22%) 
62 
P = 0.500 
P=0.590 

P = 0.574N 

6/50(12%) 
14.7% 
1/32 (3%) 
72 
P = 0.454N 
P = 0.328N 

P= 0.371N 

16/50 (32%) 
37.4% 
7/32 (22%) 
62 
P = 0.542 
P = 0.448N 

P = 0.472N 

(a )  Number of tumor-bearing animaldnumber of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are  the P values associated with the trend test. Beneath the dosed group incidence are the 
P values corresponding to pairwise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill a s  being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) Not all tissues were examined microscopically 
(D Not all spleens were examined microscopically 
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TABLE A4. SUMMARY OF T H E  INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR F E E D  STUDY O F  PENTACHLORONXTROBENZENE 

CONTROL LOW DOSE HIGH DOSE 

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

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, acute necrotizing 
Inflammation, active chronic 
Inflammation, chronic necrotizing 
Fibrosis, focal 
Hyperplasia, basal cell 
Acanthosis 

Edema, NOS 
Hemorrhage 
Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 
Necrosis, NOS 

*Subcutaneous tissue 

(49) 
4 (8%) 

1 (2%) 
1 (2%) 

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

(49) 

1 (2%) 

(50) 
7 (14%) 
1 (2%) 
2 (4%) 

(50) 

2 (4%) 

1 (2%) 
1 (2%) 

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

1 (2%) 

(50) 

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

RESPIRATORY SYSTEM 

Inflammation, acute 
Inflammation, active chronic 
Polyp, NOS 

*Nasal mucosa 
Inflammation, active chronic 

#Lung/bronchiole 
Hyperplasia. epithelial 

#Lung 
Congestion, NOS 
Edema, NOS 
Hemorrhage 
Inflammation, interstitial 
Inflammation, acute 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis, focal 
Hyperplasia, alveolar epithelium 
Histiocytosis 

*Nasal cavity (49) 

(49) 

(49) 

(49) 
2 (4%) 

2 (4%) 

5 (10%) 

5 (10%) 
7 (14%) 
1 (2%) 

15 (31%) 
7 (14%) 

(60) 
4 (8%) 

1 (2%) 
(50) 

(14) 

(14) 
1 (7%) 

1 (7%) 
1 (7%) 

1 (7%) 

1 (7%) 
3 (21%) 

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

(50) 

(50) 

(50) 

1 (2%) 

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

4 (8%) 
9 (18%) 
3 (6%) 
1 (2%) 

18 (36%) 
13 (26%) 

HEMATOPOIETIC SYSTEM 
*Multiple organa 

#Bone marrow 

#Spleen 

Depletion, lymphoid 

Hyperplasia, hematopoietic 

Necrosis, NOS 
Infarct, NOS 
Depletion, lymphoid 
Angiectasis 
Hyperplasia, lymphoid 
Hematopoiesis 

(49) 

(49) 

(49) 
1 (2%) 

1 (2%) 
5 (10%) 
1 (2%) 
3 (6%) 
7 (14%) 

(50) (50)  

(16) (48) 

(21) (49) 

1 (2%) 1 (2%) 

1 (2%) 

1 (2%) 

3 (14%) 3 (6%) 
1 (2%) 

1 (5%) 2 (4%) 
9 (43%) 10 (20%) 
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TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLOROMTROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Mandibular lymph node 

Pigmentation, NOS 
Depletion, lymphoid 
Hyperplasia, NOS 
Angiectasis 

#Bronchial lymph node 
Hemorrhage 

#Mediastinal lymph node 
Hyperplasia, NOS 

#Pancreatic lymph node 
Inflammation, acute 
Depletion, lymphoid 
Angiectasis 

#Lumbar lymph node 
Hemorrhage 
Inflammation, acute 
Necrosis, NOS 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Hemorrhage 
Inflammation, acute 
Necrosis, NOS 
Depletion, lymphoid 
Hyperplasia, NOS 
Angiectasis 

#Inguinal lymph node 
Pigmentation, NOS 
Hyperplasia, NOS 

#Liver 
Hematopoiesis 

CPeyer’s patch 
Hyperplasia, lymphoid 

#Thymus 
Cyst, NOS 
Necrosis, NOS 
Depletion, lymphoid 

(45) 

2 (4%) 

(45) 

(45) 

(45) 
2 (4%) 

1 (2%) 
2 (4%) 

(45) 

(45) 

1 (2%) 

1 (2%) 

31 (69%) 

1 (2%) 
(45) 

(49) 

(48). 

(35) 
2 (4%) 

7 (20%) 

2 (6%) 

(25) 

1 (4%) 
1 (4%) 

(25) 

(25) 

(25) 
1 (4%) 
1 (4%) 
2 (8%) 

(25) 

1 (4%) 

4 (16%) 
1 (4%) 
1 (4%) 
2 (8%) 
1 (4%) 

16 (64%) 

(25) 

(25) 

1 (4%) 

2 (4%) 
(50) 

(10) 

(5) 
1 (20%) 

3 (60%) 

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

(49) 

(49) 

(49) 

1 (2%) 

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

(49) 
4 (8%) 

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

19 (39%) 

3 (6%) 

(49) 

(50) 

(47) 

(29) 
1 (2%) 

4 (14%) 
1 (3%) 
1 (3%) 

CIRCULATORY SYSTEM 
#Spleen (49) (21) (49) 

#Mesenteric lymph node (45) (25) (49) 

#Renal lymph node (46) (25) (49) 

Thrombus, organized 1 (2%) 1 (5%) 

Lymphangiectasia 2 (8%) 

Thrombus, organized 1 (4%) 

Periarteritis 3 (6%) 1 (2%) 

Inflammation, chronic focal 2 (4%) 
Fibrosis, focal 2 (4%) 
Periarteritis 1 (2%) 
Degeneration, NOS 3 (6%) 

Mineralization 1 (2%) 

Inflammation, active chronic 2 (4%) 

Thrombus, organized 1 (2%) 

#Lung (49) (14) (50) 

#Heart (49) (10) (50) 

+Aorta (49) (50) (50) 

Ventra l  veindliver (49) (50) (50) 

#Liver (49) (50) (50) 
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TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM 

Deformity, NOS 
Inflammation, NOS 
Fibrosis 

Dilatatiodducts 
Inflammation, chronic 
Fibrosis 
Atrophy, NOS 

Mineralization 

Mineralization 

Congestion, NOS 
Hemorrhage 
Inflammation, active chronic 
Inflammation, chronic 
Necrosis, coagulative 
Infarct, NOS 
Nuclear alteration 
Basophilic cyto change 
Eosinophilic cyta change 
Clear cell change 
Angiectasis 

#Liver/Kupffer cell 
Hyperplasia, NOS 

bliverlhepatocytes 
Nuclear alteration 

*Gallbladder 
Hyperplasia, epithelial 

#Pancreas 
Dilatatiodducta 
Inflammation, chronic 
Cytoplasmic change, NOS 
Atrophy, NOS 

Mineralization 
Dilatatiodducta 
Cyst, NOS 
Inflammation, active chronic 
Necrosis, coagulative 
Hyperkeratosis 
Acanthosis 

#Forestomach 
Ulcer, acute 
Inflammation, acute focal 
Inflammation, active chronic 
Atrophy, focal 
Hyperkeratosis 
Acanthosis 

#Peyer’s patch 
Inflammation, active chronic 

#Duodenum 
Congestion, NOS 

#Jejunum 
Absces, NOS 
Inflammation, active chronic 

*Tooth 

#Salivary gland 

#Salivary gland capsule 

#Parotid gland 

#Liver 

#Stomach 

(49) 
25 (51%) 
14 (29%) 

(48) 
1 (2%) 

25 (52%) 
1 (2%) 
2 (4%) 

(48) 

(48) 

(49) 

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

1 (2%) 
2 (4%) 

(49) 

(49) 

(49) 

(49) 

2 (4%) 

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

1 (2%) 
(49) 

4 (8%) 

2 (4%) 
2 (4%) 

1 (2%) 
(49) 

(48) 

(48) 

(48) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 
25 (50%) 
15 (30%) 

(12) 

4 (33%) 

2 (4%) 
2 (4%) 
9 (18%) 

2 (4%) 
(50) 

(50) 

(50) 

(13) 
1 (2%) 

2 (15%) 

2 (15%) 
(10) 

(10) 

(50) 
31 (62%) 
25 (50%) 
4 (8%) 

(50) 

24 (48%) 

(50) 

(50) 

(50) 

I (2%) 

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

10 (20%) 

2 (4%) 
1 (2%) 

1 (2%) 

(50) 

(50) 

(50) 

(49) 

2 (4%) 

1 (2%) 

(47) 

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

(47) 

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

(47) 

(47) 

(47) 
1 (2%) 

Pentachloronitrobenzene, NTP TR 325 56 



TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Cecum 

*Rectum 
Necrosis, focal 

Inflammation, acute focal 
Metaplasia, squamous 

(48) 

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

URINARY SYSTEM 
*Urethral lumen 

#Kidney 
Inflammation, acute 

Cyst, NOS 
Glomerulonephritis, NOS 
Pyelonephritis, acute 
Inflammation, active chronic 
Pyelonephritis, acutekhronic 
Inflammation, chronic 
Nephropathy 
Infection, bacterial 
Glomerulosclerosis, NOS 
Infarct, healed 
Metaplasia, osseous 

Necrosis, coagulative 

Mineralization 
Inflammation, acute focal 
Necrosis, focal 
Regeneration, NOS 

Inflammation, acute 
Inflammation, chronic 

Calculus, gross observation only 
Calculus, microscopic examination 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 

#Perivesical tissue 
Abscess, NOS 

#Renal papilla 

#Kidney/tubule 

#Kidney/pelvis 

#Urinary bladder 

(49) 

(49) 

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

31 (63%) 

1 (2%) 
3 (6%) 

2 (4%) 

1 (2%) 

2 (4%) 

(49) 

(49) 

23 (47%) 

1 (2%) 
(49) 

(48) 

1 (2%) 
1 (2%) 

19 (40%) 

(50) 

(13) 

2 (15%) 

4 (31%) 
1 (8%) 

(13) 

(13) 

(13) 

2 (15%) 

3 (23%) 
1 (8%) 

6 (46%) 
1 (8%) 

1 (8%) 

(13) 

(13) 

(50 )  

(49) 
1 (2%) 

1 (2%) 

1 (2%) 
38 (78%) 
2 (4%) 

1 (2%) 
1 (2%) 

1 (2%) 

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

21 (43%) 

(49) 

(49) 

(49) 

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

21 (42%) 

(50) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Cyst, NOS 
Congestion, NOS 
Hyperplasia, NOS 
Angiectasis 

#Adrenal 
Angiectasis 

#Adrenal cortex 
Hyperplasia, NOS 

#Adrenal medulla 
Hyperplasia, focal 

#Thyroid 
Inflammation, chronic focal 
Hyperplasia, follicular cell 

#Parathyroid 
Cyst, NOS 

#Pancreatic islets 
Hyperplasia, NOS 

(45) 
7 (16%) 

7 (16%) 

(48) 

(48) 

(48) 

1 (2%) 

3 (6%) 

(44) 

1 (2%) 

1 (5%) 

1 (2%) 

(22) 

(49) 

(10) 

1 
1 

(5) 

(13) 

(47) 
4 (9%) 

(10%) 
(10%) 11 (23%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (3%) 

(49) 

(49) 

(49) 

(46) 

(32) 

(49) 
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TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY O F  PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
*Preputial gland 

Mineralization 
Dilatatiodducta 
Cyst, NOS 
Hemorrhage 
Inflammation, acute 
Inflammation, acute necrotizing 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 
Atrophy, NOS 

Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis, focal 
Hyperplasia, epithelial 

*Seminal vesicle 
Hemorrhage 
Inflammation, acute 

Hemorrhage 
Atrophy, NOS 

#Testidtubule 
Mineralization 

#Spermatogonia 
Cytomegaly 

*Epididymis 
Hemorrhage 
Inflammation, acute 
Inflammation, chronic 
Inflammation, chronic focal 

#Prostate 

#Testis 

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

2 (4%) 
1 (2%) 

19 (39%) 
2 (4%) 
1 (2%) 
1 (2%) 

(47) 

1 (2%) 
9 (19%) 
1 (2%) 
1 (2%) 

(49) 

(47) 
1 (2%) 
5 (11%) 

5 (11%) 
(47) 

(47) 

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

(50) 

4 (8%) 
3 (6%) 
6 (12%) 

(7) 

(50) 

(50) 

1 (2%) 
1 (2%) 

1 (2%) 

4 (8%) 
9 (18%) 
5 (10%) 

(49) 
3 (6%) 
1 (2%) 
3 (6%) 
4 (8%) 

(50) 

2 (4%) 
(50) 

6 (12%) 

2 (4%) 

1 (2%) 

(50) 

(50) 

(50) 

1 (2%) 
1 (2%) 

NERVOUS SYSTEM 
#Braidmeninges 

#Brain 
Inflammation, chronic 

Mineralization 
Inflammation, chronic focal 
Malacia 

# Brainlthalamua 
Mineralization 

(49) (10) (50) 

(49) (10) (50) 
1 (2%) 

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

(49) (10) (50) 
32 (65%) 2 (20%) 29 (58%) 

SPECIAL SENSE ORGANS 
*Eye/cornea 

Inflammation, active chronic 
Necrosis, coagulative 

Inflammation, a c u k  
Inflammation, active chronic 
Inflammation, chronic 

'Nasolacrimal duct 

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

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

1 (2%) 3 (6%) 

(49) (50) (50) 
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TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
+Maxilla 

Osteoarthritis 
+Sternum 

Hyperostosis 
+Carpometacarpal joint 

Ankylosis 
*Tarsal joint 

Ankylosis 
Osteoarthritis 

(49) (50) (50) 

(49) (50) (50) 

(49) (50) (50) 

(49) (50) (50) 

1 (2%) 

1 (2%) 

1 (2%) 

36 (73%) 38 (76%) 37 (74%) 
36 (73%) 37 (74%) 35 (70%) 

BODY CAVITIES 
+Thorax 

Hemothorax 
'Peritoneal cavity 

Hemoperitoneum 

ALL OTHER SYSTEMS 
"Multiple organa 

Omentum 

Inflammation, active chronic 
Inflammation, chronic 

Mineralization 
Necroaia, coagulative 

(49) 

8 (16%) 

(50) 

1 (2%) 

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

1 
1 

SPECIAL MORPHOLOGY SUMMARY 
No leaion reported 
Animal misnexedlno necropsy 

2 
1 

Number of animals receiving complete necropsy examinations; all grow lesions including masses examined microscopically. 
# Number of animala examined microscopically at this site 
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TABLE B l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PENTACHLORONITROBENZENE 

CONTROL LOW DOSE HIGH DOSE 

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

50 50 
50 50 
50 50 

INTEGUMENTARY SYSTEM 
*Subcutaneous tissue 

Fibrosarcoma 
~ 

~~ 

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

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

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Malignant lymphoma, NOS 
Malignant lymphoma, undiffer type 
Malignant lymphoma, lymphocytic type 
Malignant lymphoma, histiocytic type 
Malignant lymphoma, mixed type 
Lymphocytic leukemia 

Malignant lymphoma, undiffer type 

Malignant lymphoma, mixed type 

Malignant lymphoma, undiffer type 

Malignant lymphoma, lymphocytic type 

#Spleen 

#Mesenteric lymph node 

#Kidney 

#Thymus 

(50) 

4 (8%) 

1 (2%) 

1 (2%) 

2 (4%) 
(50) 

(44 

(50) 

(25) 
1 (2%) 

1 (4%) 

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

1 (2%) 
2 (4%) 

1 (2%) 
(50) 

(46) 

(50) 

(23) 

CIRCULATORY SYSTEM 
#Lung (50) (50) (49) 

#Heart (50) (49) (49) 

#Urinary bladder (48) (46) (47) 

#Uterus (50) (49) (49) 

Hemangiosarcoma, metastatic 1 (2%) 

Hemangiosarcoma 1 (2%) 

Hemangioma 1 (2%) 

Hemangioma 1 (2%) 
~~ ~~ 

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

#Forestomach (50) (50) (50) 

Hepatocellular adenoma 2 (4%) 3 (6%) 4 (8%) 
Hepatocellular carcinoma 1 (2%) 1 (2%) 

Squamous cell papilloma 1 (2%) 2 (4%) 

URINARY SYSTEM 
None 
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TABLE: BL. SUMMARY O F  THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PENTACHLBROWWROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
#Adrenal medulla 

Pheochromocytoma 
#Thyroid 

Follicular cell adenoma 

REPRODUCTIVE SYSTEM 
+Mammary gland (50) (50) (50) 

#Uterus (50) (49) (49) 
Adenocarcinoma, NOS 1 (2%) 1 (2%) 

Adenocarcinoma, NOS 1 (2%) 
Leiomyoma 1 (2%) 
Endometrial stromal polyp 1 (2%) 1 (2%) 

Papillary adenoma 1 (2%) 
Cystadenoma, NOS 1 (2%) 1 (2%) 
Granulosa cell tumor 1 (2%) 
Teratoma, NOS 1 (2%) 1 (2%) 

#Ovary (49) (50) (50) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
+Harderian gland 

Adenoma, NOS 
Adenocarcinoma, NOS 

(50) (50) 
3 (6%) 

(50) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Pelvic bones 

Osteosarcoma 
(50) 

BODY CAVITIES 
None 

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

Adenocarcinoma, NOS, metastatic 1 (2%) 
Mesothelioma, metastatic 1 (2%) 

(50) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacriftce 
Terminal sacrifice 
Accidentally killed, nda 

50 
16 
4 
30 

50 
21 
6 

18 
E3 

50 
30 

6 
14 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LO W DOSE HIGH DOSE 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain- 
benign or malignant 

Total uncertain tumors 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

26 
33 
16 
18 
15 
15 
2 
2 

24 
32 
17 
19 
11 
11 
3 
3 

2 
2 

21 
29 
14 
19 
9 
9 
1 
1 

1 
1 

Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF PENTACHLORONITROBENZENE: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Fibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, undiffer type
Lymph nodes
Thymus

Malignant lymphoma, lymphocytic type

1/iKCULATURY SYSTEM
Heart

DIUESTiVk SVbTLM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder It common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Malignant lymphoma, undiffer type
Unnary bladder

Hemangioma

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Uterus

Adenocarnnoma, NOS
Ovary

Papillary adenoma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hanfanan gland

Adenoma, NOS

ALL OTHER SYSTEM^
Multiple organs, NOS

Adenocarnnoma, NOS, metastatic
Mesothehoma, metastatic
Malignant lymphoma, undiffer type
Malignant lymphoma, hutioeytic type
Lymphocytic leukemia

61 61 Ol 61 ol 61 61 Ol Ol 61
1 2 4 1 1 0 1 0 3 3
6| 5| 9| 4| l| 3\ fl| B\ 6| 8|

a a a a a a a a a a
e| i) 3\ i) 0| l| S\ i\ l\ l\

61 61 61 61 61 ol 61 61 61 61 61 61
3 2 1 4 2 2 3 0 3 2 0 0
3\ 6\ 2| 2| 2\ 8| l| S| 4| S\ l| 2J

8 > 8 9] 9 9 9 9 9 0 0 0
2| 3| 7\ 0| 1| 2| 2| 3J 7| 2| 4| 4|

X

X

X

61 61 6
0 0 0
4| S| 7

i i !
+ + N

+ + + • ( • • » • + + +

N N + N N N N + + +

X

+ + +. + + + +
X X

+ N + N + + + + + V V N

X

X

+ + -f

N N +

+ + „ + + + + + ^ + + + + + + + + t _ + + + + + +

N N N N N N N N N N

N N N N N N N N N N

X

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

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

X

N N N
X

N N N

X

+: Tiuu* txammtd microscopically
-: Raqmrtd tiiiut not •zamin*d microscopically
X: Tumor incidano*
N: Necropsy, no autolycu, no microscopic summation
S: Animal missaxad

. No tissue information tubmitUd
C. Necropsy, no histology due to protocol
A: Autolysis
M* Aaimal mitsins;
B: No necropsy performed

Pentachloronitrobenzene, NTP TR 325 66



TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE
(Continued)

MICE: UNTREATED CONTROL

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEUUMENTAHY SYSTEM
Subcutaneous tissue

Fibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, undifter type
Lymph nodes
Thymus

Malignant lymphoma, lymphocytic type

CIRCULATORY SYSTEM
Heart

U1UEST iVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney

Malignant lymphoma, undiffer type
Unnary bladder

Hemangioma

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Uterus

Adenocarcmoma, NOS
Ovary

Papillary adenoma

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORUANS
Hardenan gland

Adenoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Adenocarcmoma, NOS, metastatic
Mesothelioma, metastatic
Malignant lymphoma, undlffer type
Malignant lymphoma, histiocytic type
Lymphocytic leukemia

0 01 01 01 01 01 0 01 01 01 01 0 0 0 0 0 0 01 0 01 01 0 01 01 0
0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 4 5
9 3| S| 7| 8| 9| 0 l| 4| 7| 9| 0 2 5 7 9 0 l| 3 4| $| 6 ?| g| 0

51 51 5 51 5 51 3 51 51 5 51 51 51 51 51 51 51 51 51 51 51 5 51 51 5

X
X

X

+ + + + + + — + — — — + + •*- + + — -f — + + + +• + —
X

X X

X

X

- + + + + + + - + + - + + + + + - - + + + + + + +
X X X X X X X

-t- — — ^ . - f — _ - + + _ + — — - + . _ _ + - _ _ — _ _ - ( -

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

X

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

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

N 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

TOTAL
TISSUES
TUMORS

•50
1

50
1
2

47

49
50

2
44
25
1

50

44
50
2
1

50
•50
47
46
50
1

50
50

50
1

48
1

36
9

48
48
26

•50
50
1

49
1

49

•50
3

•50
1
1
4
1
1

* Animals necropsied
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
STUDY OF PENTACHLORONITROBENZENE: LOW DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Hemangiosarcoma, metastatic
Osteosarcoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Malignant lymphoma, mixed type
Thymus

CIRCULATORY SYSTEM
Heart

Hemangiosarcoma

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcmoma, NOS
Uterus

Leiomyoma
Endometnal stromal polyp

Ovary
Cystadenoma, NOS
Granulosa cell tumor
Teratoma, NOS

NERVOUS SYSTEM
Brain

MUSCULOSKELETAL SYSTEM
Bone

Osteosarcoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, undi£fer type
Malignant lymphoma, Lymphocytic type
Malignant lymphoma, raized type

0 0 0 01 0 01 01 0 0 0 0 0 0 0 0 0 01 0 0 0 0 01 01 0
4 2 1 3 1 2 2 2 5 2 4 0 2 1 1 4 1 2 3 3 3 3 4 4
0 6 6 3 | 9 7 | 4] 1 0 8 6 4 3 3 5 1 l | 2 1 2 4 5 | s | 8

o o o oi o 01 o] o " o o o o o oi o o oi o o a oi 01 or o
3 4 5 5 5 6 6 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8

X

X

+ . + . + + . + . .

i

0
9
5

+

1

+

. . . . . . . . . . . . . . . . . . . . . . . . .
+ + - + + + + + + + - + + + + + + + + + + + + -

+ -- + + + + - + + + + + + - - + + - + - - - -

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

X

X

+

+

+

+

+

+

.

.

.

.

.

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

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

N

N

X
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Hepatocellular carcinoma, metastatic
Alveolar/bronchiolar adenoma
Hemangiosarcoma, metastatic
Osteosarcoma, metastatic

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes

Malignant lymphoma, mixed type
Thymus

CIRCULATORY SYSTEM
Heart

Hemangiosarcoma

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach

Squamous cell papilloma
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal
Thyroid
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocamnoma, NOS
Uterus

Leiomyoma
Endometnal stromal polyp

Ovary
Cystadenoma, NOS
Granulosa cell tumor
Teratoma, NOS

NERVOUS SYSTEM
Brain

MUSCULOSKELETAL SYSTEM
Bone

Osteosarcoma

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, unduTer type
Malignant lymphoma, lymphocytic type
Malignant lymphoma, mixed type

01 01 01 01 01 0 0 0 0 0 0 01 0 0 01 0 0 01 0 01 0 0 01 0] 0
1 2 3 4 1 0 0 0 0 0 0 0 0 1 1 2 2 3 3 3 3 4 4 4 4
2| 9| 0| 5| 7| 1 2 3 5 6 7 8| 9 4 S\ 0 5 6\ 7 g| 9 2 4| 7| 9

01 0 0 01 1 11 11 1 11 11 11 1 11 11 1 11 11 1 11 1 I] 11 1 1 1
9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5| 5 5 6| 0 4| 4| 4 4J 4| 4] 4 4| 4J 4 4| 4J 4 4J 4 4i 4J 4 4 4

X
X X X

X

+ + + + + + + + + + + + + + - + + + - + + + + + +

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

X

X

X X X
X

X X

X X X X X X X

+ - + + + + - + - + - + + + --- + + + - + + + -

X

X
X

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

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

X
X

TOTAL
TISSUES
TUMORS

50
1
4
1
1

47

50
48
47
1

30

49
1

47
50
3
1

50
•50
44
45
50
2

48
48

50
46

43
7

50
47
31

•50
1

49
1
1

50
1
1
1

50

•50
1

•50
3
1
2

* Animals necropsied
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TABLE B2. INDIVIDUAL ANIMAL
STUDY OF

TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED
PENTACHLORONITROBENZENE: HIGH DOSE

ANIMAL
NUMBER

WEEKS ON
STUDY

O l 5 1 5 ] 0 ] 0] 51 51 51 5 1 5 1 51 51 51 51 51 51 51 51 51 51 51 51 o ] 5 1 5
0 4 3 2 4 1 0 I 3 1 0 3 2 4 0 4 3 4 5 2 2 2 4 2 3
8 2 4 1 0 3 3 1 8 6 6 6 4 4 2 8| 0 3 0 8 3 9 6 7 3

01 o o o oi oi or o op o o or o
4 5 5 6 6 6 6 6 6 7 7 7 7
9\ 4 7| 0| 2| 3| 4| 4| 4) I 2 4| 6

01 01 01 01 01 01 0
8 8 8 8 8 8 8
3| 4| 6| 6| 6J 7| 8

RESPIRATORY SYSTEM
Lungs and bronchi

Adenocarcinoma, NOS, metastatic
Alveolar/bronchiolar adenoma

Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, undiffertype
Lymph nodes
~ iymus

X
X

* + + - - 4 - + + + + + + + - - + + - f - t - * + ' f - t - 4 - - t - + +
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+ * + + + 4 - + - - t - + + + + + + + + + + -l- + + 4 - + - + +

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

+ + + + -f + + + + + 4 - - t - + + + + 4 . - t - + + + + + + +

+ + + + + - - + + + + - + + + - + + - - + + - + -
+ + + + + + + + - + + - + + + + + + + + + + + + -

+ + + + + + + + + + + + + + + -+ + - + + + + + +
+ - + + + + + + + + + + + + + - + + - + + + + + +

•(- + + + + + + + + + + + + + + + + + -!- + + + + + +
+ + •»• + + + + - + + + + + + + + + + + - + + + + +

+ + + + + + + + + + + - + + + + + + + + + + + + +

+ + + + + + + + + + + - + + + + + + + + + + + + +

N + N N + N N N N N N N + N H - N N + N N N N N N N
+ + + + + + + + + + + + + + + + + + + + + + + + -

x
+ + + + 4- + - * - - f + + - t - - f + + + -t- + + -*- + - t - - t - - * - + +-

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

Lyi
Th-

CIRCULATORY SYSTEM
Heart

DIGESTIVB SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Unnary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma, NOS
Adrenal

Pheochromocytoma
Thyroid

Follicular cell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocarcinoma, NOS
Uterus

Endometnal stromal polyp
Hemangioma

Ovary
Cystadenoma, NOS
Teratoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenocarcinoma, NOS
N N N N N N N N N N N N N N N N N N N N N N N N N

X

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, undiffer type
Malignant lymphoma, histiocytic type
Malignant lymphoma, mixed 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
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

RESPIRATORY SYSTEM
Lungs and bronchi

Adenocamnoma, NOS, metastatic
Alveolar/bronchiolar adenoma

Trachea

HEMAfOPOIETIC SYSTEM
Bone marrow
Spleen

Malignant lymphoma, undiffertype
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary

Adenoma. NOS
Adrenal

Pheochromocytoma
Thyroid

Follicular cell adenoma
Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland

Adenocamnoma, NOS
Uterus

Endomatnal stromal polyp
Hemangioma

Ovary
Cystadenoma, NOS
Teratoma, NOS

NERVOUS SYSTEM
Brain

SPECIAL SENSE ORGANS
Hardenan gland

Adenocamnoma, NOS

ALL OTHER SYSTEMS
Multiple organs, NOS

Malignant lymphoma, NOS
Malignant lymphoma, undiSer type
Malignant lymphoma, htsticcytic type
Malignant tymphoma, mixed type

Ol Ol Ol Ol 0 01 0 01 01 01 0 0 01 0 0 01 01 01 01 01 01 01 01 01 0
0 3 2 2 2 4 0 4 1 1 0 0 0 1 1 1 1 1 2 3 3 3 3 4 4
5| 9| 5| 2| 6 l| 4 9| 2| 0| 1 7 9J 4 5 7| 8| 9| fl| l| 1\ 5| 7| 5| 7

8 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9| 1 2| 5 5| 8| 9 1 2 3 4 4| 4 4| 4 4| 4 4| 4| 4| 4| 4 4\ 4J 4

X X X

X

X X X X

X X X X X X

X

X+ + - + - + -- + - + + - + - - - + + + - + + - +

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

X

X
X

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

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

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

X X

X X

TOTAL:
TISSUES
TUMORS

49
1
4

47

48
50
1

45
23

49

46
50

4
50

•50
42
38
50
48
47

50
47

3«
6

49
1

48
1

24

•50
1

49
1
1

50
1
1

50

•50
I

•50
1
2
1
2

* Animals necropsied
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF
PENTACHLORONITROBENZENE

Lung: Alveolar/Bronchiolar Adenoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Control

1/50 (2%)
3.3%
1/30(3%)
104
P = 0.045
P = 0 137
P = 0.140

2,500 ppm

4/50 (8%)
15.6%
2/20(10%)
77
P = 0.104
P = 0.178

P = 0.181

5,000 ppm

4/49 (8%)
19.5%
1/15(7%)
88
P = 0.060
P = 0.191

P = 0175

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

3/50 (6%)
9.1%
2/30 (7%)
87
P = 0.180
P = 0.410
P = 0.413

4/50 (8%)
15.6%
2/20(10%)
77
P = 0.349
P = 0.480

P = 0.500

4/49 (8%)
19.5%
1/15(7%)
88
P = 0.235
P = 0.511

P = 0.489

Hematopoietic System: Malignant Lymphoma, Undifferentiated Type
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

7/50(14%)
23.3%
7/30 (23%)
104
P=0.391N
P=0.231N
P=0.107N

3/50(6%)
13.5%
2/20(10%)
95
P = 0.351N
P=0.295N

P = 0.159N

3/50 (6%)
15.9%
1/15(7%)
95
P=0.517N
P=0.339N

P=0.159N

Hematopoietic System: Malignant Lymphoma, Mixed Type
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Hematopoietic System: Lymphoma, AH Malignant
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

Hematopoietic System: Lymphoma or Leukemia
Overall Rates (a)
Adjusted Rates (b)
Terminal Rates (c)
Week of First Observation
Life Table Tests (d)
Incidental Tumor Tests (d)
Cochran-Armitage Trend Test (d)
Fisher Exact Test (d)

0/50 (0%)
0.0%
0/30 (0%)

P= 0.082
P=0.160
P= 0.202

9/50(18%)
30.0%
9/30 (30%)
104
P = 0.289
P = 0.532
P=0.339N

10/50 (20%)
32.2%
9/30 (30%)
97
P = 0.378
P = 0.439N
P = 0.248N

3/50 (6%)
13.5%
2/20(10%)
95
P= 0.070
P=0.107

P=0.121

7/50(14%)
30.8%
5/20 (25%)
95
P = 0.499
P = 0.601

P=0.393N

7/50(14%)
30.8%
5/20 (25%)
95
P = 0.587
P = 0.477N

P = 0.298N

2/50 (4%)
11.6%
1/15(7%)
99
P=0.122
P= 0.239

P= 0.247

7/50(14%)
29.3%
2/15(13%)
49
P = 0.345
P = 0.601

P = 0.393N

7/50(14%)
29.3%
2/15(13%)
49
P = 0.431
P = 0.469N

P = 0.298N

Pentachloronitrobenzene, NTPTR 325 72



TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY O F  
PENTACHLORONITROBENZENE (Continued) 

~~ ~~ ~~ 

Control 2,500 ppm 5,000 ppm 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.7% 
2/30 (7%) 
104 
P = 0.069 
P =0.124 
P=0.264 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 10.0% 
Terminal Rates (c) 3/30 (10%) 
Week of First Observation 104 
Life Table Testa (d) P = 0.124 
Incidental Tumor Testa (d) P=O.200 
Cochran-Armitage Trend Test (d) P = 0.424 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Harderian Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

9/36 (25%) 
35.5% 
8/24 (33%) 
102 
P=0.367 
P=0.536N 
P = 0.227N 

3/50 (6%) 
10.0% 
3/30 (10%) 
104 
P = 0.092N 
P = 0.092N 
P = 0.037N 

Harderian Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 3/50 (6%) 

Terminal Rates (c) 3/30 (10%) 
Week of First Observation 104 
Life Table Testa (d) P=0.330N 
Incidental Tumor Testa (d) P=0.276N 
Cochran-Armitage Trend Test (d) P=0.176N 
Fisher Exact Test (d) 

Adjusted Rates (b) 10.0% 

3/50 (6%) 
13.5% 
2/20 (10%) 
95 
P=0.337 
P = 0.413 

P=0.500 

4/50 (8%) 
18.3% 
3/20 (15%) 
95 
P=0.300 
P=0.362 

P=0.500 

7/43 (16%) 
3 1.2% 
5/20 (25%) 
95 
P=0.578N 
P=0.270N 

P=0.248N 

0150 (0%) 
0.0% 
on0 (0%) 

P = 0.200N 
P=0.200N 

P= 0.121N 

0/50 (0%) 
0.0% 
on0 (0%) 

P=0.200N 
P = 0.200N 

P =0.121N 

4/50 (8%) 
24.7% 
3/15 (20%) 
102 
P = 0.092 
P = 0.152 

P=0.339 

4/50 (8%) 
24.7% 
3/15 (20%) 
102 
P = 0.167 
P=0.249 

P = 0.500 

6/36 (17%) 
45.3% 
5/12 (42%) 
103 
P=0.381 
P=0.617 

P= 0.281N 

0150 (0%)  
0.0% 
0115 (0%) 

P=0.265N 
P = 0.265N 

P=0.121N 

1/50 (2%) 
3.7% 
0115 (0%)  
87 
P=0.536N 
P=0.457N 

P=0.309N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are  the 
P values corresponding to paimise comparisons between that dosed group and the controls. The life table analysis regards 
tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The incidental tumor test 
regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence rates. 
A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE 

CONTROL 
~ 

LOW DOSE HIGH DOSE 

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

50 
50 
50 

INTEGUMENTARY SYSTEM 

Epidermal inclusion cyst 
Inflammation, acute 
Inflammation, acute necrotizing 
Inflammation, acutekhronic 

"Subcutaneous tissue 
Inflammation, acute 
Abscess, NOS 

"Skin (50) 

(50) 

1 (2%) 

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

(50) 

(50) 

(50) 
1 (2%) 

RESPIRATORY SYSTEM 

Inflammation, acute 

Abscess, NOS 

Inflammation, acute 

Congenital malformation, NOS 

Inflammation, acute necrotizing 

Aspiration, foreign body 
Mineralization 
Atelectasis 
Congestion, NOS 
Hemorrhage 
Inflammation, interstitial 
Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Inflammation, chronic focal 
Bacterial septicemia 
Hyperplasia, alveolar epithelium 
Histiocytosis 

Metaplasia, osseous 

*Nasal cavity 

"Nose 

*Nasal gland 

"Nasopharynx 

XLunghronchiole 

#Lung 

#Lung/alveoli 

3 (6%) 
5 (10%) 

1 (2%) 

5 (10%) 
2 (4%) 

8 (16%) 
7 (14%) 

1 (2%) 
(50) 

6 (12%) 
3 (6%) 
1 (2%) 
2 (4%) 
2 (4%) 
4 (8%) 
1 (2%) 

(50) 

(50) 

(50) 

(50) 

(49) 

(49) 

2 (4%) 

1 (2%) 

6 (12%) 

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

1 (2%) 

4 (8%) 
1 (2%) 
1 (2%) 
1 (2%) 
6 (12%) 
5 (10%) 

(49) 

HEMATOPOIETIC SYSTEM 
"Multiple organs 

Depletion, lymphoid 
Leukemoid reaction 
Hyperplasia, plasma cell 

Myelofibrosis 
Hyperplasia, hematopoietic 

Necrosis, coagulative 
Depletion, lymphoid 
Hyperplasia, lymphoid 
Hematopoiesis 

#Splenic capsule 
Fibrosis, focal 

#Bone marrow 

#Spleen 

(50) 

(49) 
25 (51%) 
7 (14%) 

1 (2%) 
8 (16%) 
6 (12%) 
14 (28%) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 
14 (28%) 
11 (22%) 

(48) 

8 (17%) 
6 (13%) 
23 (48%) 

1 (2%) 
(48) 

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

11 (23%) 
10 (21%) 

(48) 

(50) 

6 (12%) 
5 (10%) 
27 (54%) 

(50) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Splenic follicles 

Necrosis, NOS 
#Lymph node 

Inflammation, acute 
Abscess, NOS 
Depletion, lymphoid 
Angiectasis 
Hyperplasia, lymphoid 

#Mandibular lymph node 
Depletion, lymphoid 
Hyperplasia, NOS 

#Tracheal lymph node 
Inflammation, acute 
Abscess, NOS 
Depletion, lymphoid 
Hyperplasia, plasma cell 

#Mediastinal lymph node 
Hemorrhage 
Abscess, NOS 
Inflammation, acutekhronic 
Depletion, lymphoid 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

Inflammation, active chronic 
Depletion, lymphoid 
Angiectasis 
Hyperplasia, plasma cell 

Abscess, NOS 
Inflammation, active chronic 
Hyperplasia, plasma cell 
Hyperplasia, lymphoid 

Hemorrhage 
Abscess, NOS 
Adhesion, NOS 
Necrosis, NOS 
Depletion, lymphoid 
Hyperplasia, NOS 
Angiectasis 

#Renal lymph node 
Hemorrhage 
Adhesion, NOS 
Depletion, lymphoid 
Hyperplasia, NOS 
Angiectasia 

#Inguinal lymph node 
Hyperplasia, lymphoid 

'Intercostal muscle 
Hyperplasia, hematopoietic 

#Liver 
Hematopoiesis 

#Payer's patch 
Hyperplasia, lymphoid 

#Pancreatic lymph node 

#Lumbar lymph node 

#Mesenteric lymph node 

(50) 

(44) 

1 (2%) 
1 (2%) 

(44) 

(44) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

(44) 

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

(44) 

(44) 

(44) 
1 (2%) 

1 (2%) 
4 (9%) 
5 (11%) 

(44) 

(44) 

(50) 

(50) 

(50) 

1 (2%) 

9 (18%) 

2 (4%) 

75 

(48) 

(47) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

4 (9%) 

1 (2%) 
4 (9%) 

4 (9%) 
1 (2%) 

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

(47) 

(47) 

(47) 

(47) 

(47) 

1 (2%) 

1 (2%) 

1 (2%) 
2 (4%) 
4 (9%) 

10 (21%) 

1 (2%) 

2 (4%) 
2 (4%) 

(47) 

(47) 

(47) 

(50) 

(50) 

(48) 
21 (42%) 

1 (2%) 

(50)  

(45) 

2 (4%) 
1 (2%) 

(45) 

1 (2%) 
(45) 

1 (2%) 
(45) 

3 (7%) 

5 (11%) 
9 (20%) 
1 (2%) 

1 (2%) 
(45) 

(45) 
2 (4%) 
1 (2%) 
2 (4%) 

(45) 
3 (7%) 

2 (4%) 

3 (7%) 
4 (9%) 

1 (2%) 

1 (2%) 
2 (4%) 

(45) 

(45) 

(50)  

(50) 

(48) 

1 (2%) 

23 (46%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

~ ~~ 

LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Thymus 

Cyst, NOS 
Hemorrhage 
Abscess, NOS 
Inflammation, chronic 
Necrosis, NOS 
Depletion, lymphoid 
Hyperplasia, lymphoid 

#Thymic lymphocytes 
Necrosis, NOS 

(25) (30) (23) 
6 (24%) 1 (3%) 3 (13%) 
1 (4%) 

1 (4%) 
2 (7%) 

3 (12%) 5 (17%) 7 (30%) 
1 (4%) 

1 (4%) 

(25) (30) (23) 
1 (4%) 

CIRCULATORY SYSTEM 
#Mesenteric lymph node 

Thrombosis, NOS 

Perivasculitis 

Mineralization 
Thrombus, organized 
Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 
Inflammation. chronic 
Fibrosis, focal 
Periarteritis 
Degeneration, NOS 
Necrosis, coagulative 

#Myocardium 
Degeneration, NOS 

*Artery 
Inflammation, chronic 
Hyperplasia, focal 

+Aorta 
Mineralization 

+Mesenteric artery 
Thrombus, mural 

*Renal artery 
Thrombus, organized 

XUterudendometrium 
Thrombus, organized 

#Lung 

#Heart 

(44) 

(50)  

(50) 

1 (2%) 

4 (8%) 

1 (2%) 

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

1 (2%) 
(50) 

(50)  

(50) 

(50) 

(47) 

(50) 

(49) 
5 (10%) 

I (2%) 
1 (2%) 

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

(49) 

(50) 

(50) 

(49) 

(45) 

DIGESTIVE SYSTEM 

Deformity, NOS 
Abscess, NOS 
Inflammation, active chronic 

#Salivary gland 
Inflammation, chronic 

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

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

(44) (47) (46) 
21 (48%) 9 (19%) 13 (28%) 
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TABLE B4. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY O F  PENTACHLORONITROBENZENE (Continued) 

~~ 

CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Liver 

Congenital malformation, NOS 
Congestion, NOS 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Adhesion, fibrous 
Necrosis, coagulative 
Metamorphosis, fatty 
Pigmentation, NOS 
Nuclear enlargement 
Basophilic cyto change 
Eosinophilic cyto change 
Clear cell change 
Hepatocytomegaly 

Dilatatiodducta 
Inflammation, active chronic 
Inflammation, chronic 
Adhesion, NOS 
Necrosis, coagulative 

Histiocytosis 
#Esophagus 

Inflammation, acute 
#Stomach 

Hyperplasia, epithelial 
#Glandular stomach 

Mineralization 
Inflammation, chronic 

#Gaetric muscularis 
Mineralization 

#Stomach wall 
Mineralization 

#Forestomach 
Foreign body, NOS 
Mineralization 
Cyst, NOS 
Ulcer, NOS 
Inflammation, acute 
Inflammation, acute focal 
Inflammation, acute necrotizing 
Inflammation, active chronic 
Inflammation, chronic 
Adhesion, NOS 
Hyperplasia, pseudoepitheliomatoua 
Hyperplasia, basal cell 
Hyperkeratosis 
Acan thosia 

Adhesion, fibrous 

#Pancreas 

Atrophy, NOS . 

#Colon 

(50) 

5 (10%) 
2 (4%) 
1 (2%) 
8 (16%) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 

(47) 

2 (4%) 
8 (17%) 
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 

(46) 

(50) 

(50) 

1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 
2 (4%) 
1 (2%) 
9 (18%) 

1 (2%) 
1 (2%) 
7 (14%) 
8 (16%) 

(50) 

(50) 

2 (4%) 

6 (12%) 
1 (2%) 
1 (2%) 

11 (22%) 
1 (2%) 

1 (2%) 

2 (4%) 

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

1 (2%) 

(44) 

(45) 

(50) 

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

(50) 

(50) 

(50) 
1 (2%) 

2 (4%) 

1 (2%) 

4 (8%) 

1 (2%) 

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

1 (2%) 
(48) 

(50) 
1 (2%) 
2 (4%) 
1 (2%) 
5 (10%) 

6 (12%) 

1 (2%) 

1 (2%) 
6 (12%) 
8 (16%) 

(47) 

URINARY SYSTEM 

Mineralization 
Hydronephrosis 
Cy& NOS 
Glomerulonephritis, NOS 
Pyelonephritis, NOS 
Inflammation, NOS 
Abscess, NOS 

#Kidney (50) (50) (50) 
1 (2%) 
2 (4%) 1 (2%) 

3 (6%) 8 (16%) 
1 (2%) 5 (10%) 

1 (2%) 

1 (2%) 
4 (8%) 

1 (2%) 
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TABLE B4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued)

CONTROL LOW DOSE HIGH DOSE

URINARY SYSTEM
# Kidney (Continued)

Inflammation, active chronic
Inflammation, chronic
Glomerulonephritis, chronic
Adhesion, NOS
Nephropathy
Glomerulosclerosis, NOS
Metaplasia, osseous

# Kidney/cortex
Metaplasia, osseous

# Renal papilla
Necrosis, coagulative

# Kidney/glomerulus
Adhesion, NOS

# Kidney/tubule
Dilatation, NOS
Cast, NOS
Degeneration, NOS
Atrophy, focal
Regeneration, NOS

# Kidney/pel vis
Inflammation, chronic focal

#Urinary bladder
Inflammation, acute focal
Inflammation, chronic

ENDOCRINE SYSTEM
# Anterior pituitary

Cyst, NOS
Hyperplasia, NOS
Angiectasis

# Adrenal
Congestion, NOS
Hemorrhage
Inflammation, acute/chronic
Inflammation, chronic
Adhesion, NOS
Angiectasis

# Adrenal/capsule
Inflammation, active chronic
Adhesion, NOS

# Adrenal cortex
Cyst, NOS
Hyperplasia, NOS

#Periadrenal tissue
Abscess, NOS
Inflammation, active chronic

fThyroid
Follicular cyst, NOS
Inflammation, acute
Inflammation, chronic focal
Hyperplasia, follicular cell

# Pancreatic islets
Hyperplasia, NOS
Angiectasis

(50)
2 (4%)

28 (56%)

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

(50)

(50)

(50)

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

9 (18%)
(50)

1 (2%)
(48)

1 (2%)
23 (48%)

(36)
1 (3%)
9 (25%)

(48)

1 (2%)

1 (2%)
(48)

(48)

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

(48)
1 (2%)
1 (2%)
1 (2%)
3 (6%)

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

(50)
1 (2%)

22 (44%)
1 (2%)

3 (6%)
1 (2%)

(50)
1 (2%)

(50)

(50)
1 (2%)

(50)

1 (2%)

5 (10%)
(50)

(46)

13 (28%)

(43)
2 (5%)

16 (37%)
1 (2%)

(50)

1 (2%)

1 (2%)

(50)

(50)

(50)

(47)
1 (2%)

I (2%)
(44)

(50)
1 (2%)

30 (60%)

5 (10%)
1 (2%)

(50)

(50)
3 (6%)

(50)
1 (2%)

(50)
1 (2%)

2 (4%)
1 (2%)

(50)

(47)

24 (51%)

(36)
1 (3%)

10 (28%)
1 (3%)

(49)
1 (2%)

1 (2%)
2 (4%)

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

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

(49)

(48)

(42)
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TABLE 84.  SuM,WARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

~~ 

HIGH DOSE CONTROL LOW DOSE 

REPRODUCTIVE SYSTEM 
*Mammary gland 

Galactocele 
Cyst, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Hyperplasia, NOS 

*Fallopian tube lumen 
Dilatation, NOS 
Inflammation, acute 

Hydrometra 
Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 
Necrosis, coagulative 
Hyperplasia, epithelial 
Hyperplasia, stromal 
Angiectasis 
Metaplasia, squamous 

XUterudendometrium 
Hyperplasia, NOS 

#Fallopian tube 
Dilatation, NOS 

ROvarylparovarian 
Mineralization 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 
Adhesion, NOS 
Necrosis, NOS 

Mineralization 
Cyst, NOS 
Parovarian cyst 
Hemorrhage 
Hemorrhagic cyst 
Inflammation, acute 
Abscess, NOS 
Necrosis, NOS 
Angiectasis 

#Uterus 

#Ovary 

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

3 (6%) 
(50) 

(50)  
5 (10%) 
3 (6%) 
1 (2%) 
2 (4%) 

3 (6%) 

(50) 

(50) 
33 (66%) 

(49) 
1 (2%) 

12 (24%) 
1 (2%) 
6 (10%) 
1 (2%) 
2 (4%) 
1 (2%) 

9 (18%) 
10 (20%) 
1 (2%) 
2 (4%) 

(49) 

2 (4%) 

(50) 
1 (2%) 

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

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

(49) 

7 (14%) 
1 (2%) 

1 (2%) 

33 (67%) 

1 (2%) 

(49) 

(49) 

(50) 

20 (40%) 
10 (20%) 
2 (4%) 

7 (14%) 

(50) 
1 (2%) 
8 (16%) 
7 (14%) 

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

(50) 

3 (6%) 
1 (2%) 

(50) 

1 (2%) 

6 (12%) 
7 (14%) 
1 (2%) 

1 (2%) 
2 (4%) 

2 (4%) 

28 (57%) 

(49) 

(49) 

(49) 

(50) 

29 (58%) 
3 (6%) 

9 (18%) 

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

(50) 

1 (2%) 

NERVOUS SYSTEM 

Mineralization 

Hemorrhage 
Inflammation, acute focal 

RBraidthalamue 
Mineralization 

#Cerebrum 

#Brain 

(49) (50) (50) 

(49) (60) (50) 
1 (2%) 

1 (2%) 
1 (2%) 

(49) (50) (50) 
27 (56%) 28 (56%) 21 (42%) 

SPECIAL SENSE ORGANS 
*Nasolacrimal duct 

Inflammation, NOS 
Inflammation. acute 
Inflammation, active chronic 
Inflammation, chronic 

Necrosis, NOS 
*Ear canal 
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TABLE B4. SUMMARY OF THE INCIDENCE O F  NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LO W DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
+Intercostal muscle 

Inflammation, acute 
Abscess, NOS 
Inflammation, active chronic 

+Abdominal muscle 
Abscess, NOS 
Inflammation, chronic 

(50) (50) (50) 
5 (10%) 3 (6%) 8 (16%) 

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

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

1 (2%) 

BODY CAVITIES 

Hemothorax 
Empyema 

Inflammation, acute 
Abscess, NOS 

Inflammation, acute 
Inflammation, acute necrotizing 
Inflammation, active chronic 
Inflammation, chronic 
Adhesion, fibrous 

Hemoperitoneum 

Inflammation, acuta 
Inflammation, acutdchronic 

Inflammation, acute 

Inflammation, acute/chronic 

"Thorax 

+Mediastinum 

+Peritoneum 

+Peritoneal cavity 

'Pleura 

+Epicardium 

*Mesentery 

(50) 

2 (4%) 
(50) 

(50) 

(50) 
1 (2%) 

5 (10%) 

1 (2%) 
(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
8 (16%) 
2 (4%) 
3 (6%) 

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

1 (2%) 
4 (8%) 

17 (34%) 

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

(50) 

(50) 

(50) 

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

1 (2%) 

1 (2%) 

(50) 

(50) 

ALL OTHER SYSTEMS 
+Multiple organs 

Inflammation, acute 
Inflammation, active chronic 
Inflammation, chronic 
Adhesion, NOS 
Bacterial septicemia 

Mineralization 
Abscess, NOS 
Inflammation, active chronic 
Inflammation. chronic 
Fibrosis 
Necrosis, NOS 

Omentum 

(50) 
1 (2%) 
2 (4%) 
8 (16%) 

1 (2%) 

1 
3 

(50) (50) 
4 (8%) 6 (12%) 

3 (6%) 
6 (12%) 17 (34%) 

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

1 

1 
2 

1 
I 
2 

SPECIAL MORPHOLOGY SUMMARY 
None 

* Number of animala receiving complete necropsy examinations; all gross lesiom including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE Cl. MUTAGENICITY OF PENTACHLORONITROBENZENE IN SALMONELLA TYPHIMURIUM 

Strain Dose 
(pdplate) 

Revertantshlate (ab) 
- s9 t 59 (rat) t 59 (hamster) 

TA 100 

TA1535 

TA1537 

TA98 

0 
100 
333 

1,000 
3,333 
6,667 

0 
100 
333 

1,000 
3,333 
6,667 

0 
100 
333 

1.000 
3,333 
6,667 

0 
100 
333 

1.000 
3,333 
6,667 

124 f 15.0 
101 f 5.4 
118 f 11.9 
120 f 8.1 
122 f 4.6 
113 f 6.1 

15 f 2.4 
19 f 2.6 
21 f 2.4 
19 f 1.2 
19 f 2.3 
21 f 2.6 

24 f 2.3 
9 f 3.0 

11 f 3.3 
15 f 0.0 
16 f 1.2 
19 f 2.1 

25 f 4.8 
36 k 3.7 
32 f 6.3 
29 f 4.4 
35 f 2.6 
32 f 2.9 

176 f 1.2 
166 f 15.4 
149 f 9.5 
147 f 6.4 
149 f 10.7 
139 f 6.0 

18 f 1.3 
13 f 3.3 
9 f 2.0 

17 f 2.7 
13 f 1.5 
14 f 2.5 

35 f 5.2 
24 f. 4.2 
31 f 10.1 
29 f 1.8 
26 f 1.0 
22 f 3.3 

43 f 1.2 
45 f 3.1 
42 f 5.5 
43 f 3.9 
37 f 3.2 
37 f 3.6 

102 f 2.8 
107 f 5.4 
98 f 14.1 

110 k 10.3 
126 f 12.4 
122 f 11.7 

15 f 1.7 
15 f 2.2 
13 f 2.5 
12 f 0.3 
14 f 2.1 
14 f 2.3 

26 f 4.8 
15 f 3.1 
21 f 5.2 
20 f 5.6 
33 f 2.0 
26 f 4.5 

37 f 5.8 

36 f 3.8 

36 f 1.8 
41 f 0.7 

36 f 3.0 
35 f 2.3 

(a) The $9 fractions were prepared from the liver of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and study compound or solvent (DMSO) were incubated for 20 minutes a t  37'C in the presence of either S9 or 
buffer. ARer the addition of eoR agar, the contents of each tube were poured onto minimal medium, and the plates were 
incubated a t  37' C for 48 hours (Haworth et al., 1983). The experiment was performed twice, each in triplicate; because the 
resulta were similar, data from only one experiment are shown. 
(b) Mean f standard error 
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TABLE C2. MUTAGEMCITY O F  PENTACHLORONITROBENZENE IN LS178YrTK”- MOUSE LYMPHOMA 
CELLS IN THE ABSENCE O F  S9 (a) 

~ ~~ ~ 

Total Relative Mutation Frequency 
Compound Dose Mutant Clones Cloning Efficiency Total Growth (mutants/lOe 

(pdrnl) (percent) (percent) clonable cells) 

Acetone 
1% 

Methyl methanesulfonate 
5.0 

Pentachloronitrobenzene 
1.25 

2.50 

5.00 

7.50 

10.00 

102 
107 
92 

494 
39 1 
439 

80 
74 
96 

83 
70 
86 

108 
116 
88 

75 
88 
63 

69 
85 
63 

99.7 
112.3 
116.8 

72.0 
56.7 
89.0 

93.7 
86.3 
94.7 

89.3 
103.0 
93.3 

106.3 
115.0 
85.3 

96.8 
115.2 
107.5 

81.2 
110.8 

,111.8 

84.0 
106.0 
97.0 

40.5 
36.0 
49.7 

68.4 
78.5 
84.4 

83.4 
85.9 
80.6 

78.0 
76.9 
63.6 

85.6 
96.9 
95.6 

76.4 
67.9 
95.5 

34 
32 

(b) 26(33) 

229 
230 
164 (208) 

28 
29 
34 (30) 

31 
23 
31 (28) 

34 
34 
34 (34) 

26 
25 
a0 (24) 

28 
26 
19 (24) 

(al Experiments were performed twice; all doses were tested in duplicate or triplicate. Because the results were similar, data 
from only one experiment are shown. The protocol was basically that of Clive et  al. (1979). Cells (6 X lOS/ml) were treated for 
4 hours a t  37’ C in medium, washed, resuspended in medium, and incubated for 48 hours a t  37’ C. After expression, 3 X 106 
cells were plated in medium supplemented with trifluorothymidine for selection of cells that were mutant a t  the thymidine 
kinase (TK) locus, and 600 cells were plated in nonselective medium to determine the percentage ofviable cells. 
(b) The mean value is in parentheses. 
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TABLE C3. MUTAGENICITY OF PENTACHLORONITROBENZENE IN L51'78YRK''- MOUSE LYMPHOMA 
CELLS IN THE PRESENCE OF 59 (a) 

Total Relative Mutation Frequency 
Compound Doee Mutant Clones Cloning Efficiency Total Growth (mutantsllOs 

(pe/ml) (percent) (percent) clonable cells) 

Acetone 
1% 

3-Methylcholanthrene 
2.5 

Pentachloronitro benzene 
1.25 

2.50 

5.00 

7.50 

10.00 

70 
77 
74 
59 

775 
625 
778 

71 
74 
68 

80 
72 

107 

71 
85 
78 

97 
89 
87 

92 
84 
80 

86.3 
75.2 

101.8 
82.5 

50.2 
57.8 
78.3 

82.3 
82.0 
85.8 

80.5 
78.8 

100.5 

86.2 
108.7 
85.5 

109.0 
98.2 

100.7 

90.0 
98.8 
88.0 

87.0 
93.0 

115.0 
103.0 

33.1 
45.6 
38.1 

89.4 
81.5 
78.6 

88.7 
79.3 
90.3 

90.7 
98.3 
79.0 

85.0 
89.1 

101.6 

82.7 
80.0 
91.6 

27 
34 
24 

(b) 24(27) 

515 
360 
331 (402) 

29 
30 
26 (28) 

33 
30 
35 (33) 

27 
26 
30 (28) 

30 
30 
29 (30) 

34 
28 
30 (31) 

(a) Experiments were performed twice; all doses were tested in duplicate. Because the resulta were similar, data from only one 
experiment are shown. The protocol was basically that of Clive et al. (1979). Cells (6 X lOYml) were treated for 4 hours at37'C 
in medium, washed, resuspended in medium, and incubated for 48 hours a t  370C. After expression, 3 X lO6celk were plated in 
medium supplemented with trifluorothymidine for selection of cells that were mutant a t  the thymidine kinase (TK) locus, and 
600 cells were plated in nonselective medium to determine the percentage of viable cells. S9 was prepared from the liver of 
Aroclor 1254induced male F344 rata. 
(b) The mean value is in parentheses. 
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TABLE C4. INDUCTION OF SISTER-CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY CELLS 
BY PENTACHLORONITROBENZENE (a) 

- 59 (b) t 59 (c) 
Dose SCE/Cell (d) Dose SCE/Cell (d) 

(pg/ml) (pe/ml) 

DMSO (10 pl) 

Pentachloronitrobenzene 

0.75 
2.40 
7.50 

Mitomycin C 

0.005 

8.4 DMSO (10 pl) 10.0 

Pentachloronitrobenzene 

8.5 
9.3 
9.3 

7.5 
24.0 
75.0 

8.7 
11.0 
9.3 

Cyclophosphamide 

16.7 1 .o 18.3 

(a) SCE = sister-chromatid exchange 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours at 37' C; 2 
hours after initiation of treatment, 10 pM BrdU was added, and incubation was continued for 22-24 hours. Cells were washed, 
fresh medium containing BrdU (10 pM) and colcemid (0.1 pg/ml) was added, and incubation waa continued for 2-3 hours 
(Galloway et  al., 1985). 
(c) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37'C. Then cells were washed, and 
medium containing 10 pM BrdU was added. Cells were incubated for a further 26 hours, with colcemid (0.1 pg/ml) present for 
the final 2-3 hours. S9 was from the liver of Aroclor 1254-induced male Sprague-Dawley rats. 
(d) Cells were collected by mitotic shake-off, treated for 3 minutes with potassium chloride (76mM), washed twice with fixative, 
and dropped onto slides and air-dried (Galloway et  al., 1985). 

TABLE C5. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY PENTACHLORONITROBENZENE (a) 

- S9 (b) t 99 (c) 
Dose Abs/lOO Cells Dose Abd100 Cells 

(pdrnl) (percent cells w/abs) (pe/mf) (percent cells wlabs) 

DMSO (10 pl) 3 (3) 

Pentachloronitrobenzene 

2.4 
7.5 

24.0 
75.0 

5 (5) 
28 (16) 
22 (19) 
17 (10) 

Mitomycin C 

0.150 44 (24) 

DMSO (10 pl) 3 (3) 

Pentachloronitrobenzene 

2.4 
7.5 

24.0 
75.0 

Cyclophosphamide 

8 (8) 
10 (9) 
6 (6) 

19 (13) 

15.0 22 (18) 

(a) Abs = aberrations 
(b) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 8-10 hours a t  37' C. 
Cells were then washed, and fresh medium containing colcemid (0.1 pghnl) was added. ARer a further 2-3 hours of incubation, 
cells were harvested by mitotic shake-off, fixed, and stained in 6% Giemsa. 
(c) In the presence of S9. cells were incubated with study compound or solvent for 2 hours at 3 T C .  Cella were then washed, 
medium was added, and incubation continued for 8-10 hours. Colcemid (0.1 pg/ml) was added for the last 2-3 hours of 
incubation; then cells were harvested and fixed as  above. S9 was from the liver of Aroclor 1254-induced male Sprague-Dawley 
rats. 
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APPENDIX D. CHEMICAL CHARACTERIZATION 

I. Identity and  Purity Determinations of Pentachloronitrobenzene Lot No. 0120679 
Performed by the Analytical Chemistry Laboratory 

A. Physical properties De termin ed Literature Values 

1. Appearance: Yellow, microcrystalline Colorless solid (Merck 

2. Melting point: 143.1"-145.1"C (visual, 144" C (Merck Index, 

solid Index, 1983) 

Biichi 510) 1983) 

B. Spectral data 

1. Infrared 

Instrument: 

Phase: 

Beckman IR-12 

1.2% potassium 
bromide pellet 

Results: 

2. U1 travioletlvisible 

Instrument: 

Solvent: 

Results: 

3. Nuclear magnetic 
resonance 

Instrument: 

Solvent: 

Results: 

See Figure 3 Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

Cary 118 

Methanol Methanol 

h,,(nrn) E x 102 A rmx (nm) E x 10 .~  

302 7.19 f 0.06(6) 301 6.35 
212 No E calculated for this 212.5 729 

peak because the region 
in which it appears is 
unsuitable for good 
quantitation 

(Sadtler Standard Spectra) 

Varian EM-360A 

Carbon tetrachloride 
with tetramethylsilane 
internal standard 

No peaks 
detected 

Consistent with 
structure 
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APPENDIX D. CHEMICAL CHARACTERIZATION 

C. Water analysis (Karl Fischer): <0.02% 

D. Elemental analysis 

Element C Cl N 

Theory (TI 24.40 60.02 4.74 

Determined (D) 24.25 61.05 4.39 
24.58 60.85 4.68 

Percent D/T 99.9 101.5 95.8 

E. Chromatographic analysis 

1. Thin-layer chromatography 

Reference standard: 1-Chloro-3-nitrobenzene 
Amount spotted: 1, 10, and 30 p1 of a 10 pg/pl chloroform solution of the compound, 
10 p1 of chloroform and 10 pg of the reference standard 
Visualization: (1) Ultraviolet 254 nm, (2) 0.2% Fluorescein in absolute ethanol 
followed by a 1% silver nitrate in 0.5 N ammonium hydroxide spray 

System 1 

Solvent: n-Pentane 
Plates: Silica Gel 60 F-254,25 mm thick 

System 2 

Solvent: Acet0ne:acetonitrile (1: 1) 
Plates: Whatman KCl8F reverse phase, 20 mm thick 

Results !IF h t  

M 'or spot 0.51 2.2 

System 1 

Re Y erence standard 0.23 1.0 

Re 3 erence standard 0.68 1 .oo 

System 2 

M 'or spot 0.59 0.87 
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APPENDIX D. CHEMICAL CHARACTERIZATION 

2. Gas chromatography 

Instrument: Varian 3700 
Detector: Flame ionization 
Inlet temperature: 200" C 
Detector temperature: 250" C 
Carrier gas: Nitrogen, 70 mYmin 

System 1 

Column: 1.8 m X 4 mm ID glass, silylated and packed with 3% SP2250 on 100/120 
Supe lcopor t 
Oven temperature program: 5 min a t  50" C followed by a 10" C/min increase to 250" C 
Samples injected: Approximately 3 p1 of 1'0% and 0.5% (w/v) chloroform solutions to 
detect and quantitate impurities and to establish linearity of detector response 

Results: Two peaks were detected preceding the major peak. 

Retention Time Area 
Retentiqn Re!ative to (percent of 

Peak No. Time (mm) Maior Peak maior Peak) 

1 18.7 0.84 0.10 
2 21.2 0.95 0.28 
3 22.3 1.00 100.0 

System 2 

Column: 1.8 m X 4 mm ID glass, silylated and packed with 10% Carbowax 2OM-TPA 
on 80/100 Chromosorb W(AW) 
Oven temperature program: 50" C for 5 min followed by a 10" C/min increase to 200" C 
Samples injected: Approximately 3 p1 of 0.5% and 1% (w/v) chloroform solutions to 
detect and quantitate impurities and to establish linearity of detector response 

Results: Three impurities with relative areas greater than 0.1% (peaks 2 and 3 were 
not completely resolved and were combined for calculation purposes) were detected 
preceding the major peak. One additional impurity, occurring as a shoulder on the front 
of the major peak, with a relative area of < 0.18,  was also detected. 

Retention Time Area 
Retentign Retative to (pqrcent of 

Peak No. Time (mm) Maior Peak maor Peak) 

1 21.9 
2 24.2 
3 24.5 
4 28.7 

0.76 0.15 
OA4 1 Unresolved 0.24 
0.85 - 
1.00 100 

91 Pentachloronitrobenzene, NTP TR 325 



APPENDIX D. CHEMICAL CHARACTERIZATION 

F. Conclusions: The results of the elemental analysis for carbon agreed with theoretical 
values. The determined value was slightly higher than theoretical for chlorine and slightly 
lower for nitrogen. The water content by Karl Fischer titrimetry was less than 0.02%. Two 
thin-layer chromatographic systems detected only a single component. One gas chroma- 
tographic system detected a major peak preceded by two impurities with relative areas of 
0.1096 and 0.28%. A second gas chromatographic system detected a major peak and three 
impurities preceding it with relative areas of 0.15% and 0.24% (impurities 2 and 3 com- 
bined). An additional impurity with a relative area of CO.108, occurring as a shoulder on 
the front of the major peak, was also seen in the second system. The infrared and nuclear 
magnetic resonance spectra were consistent with the structure and did not indicate the 
presence of any notable impurities. The ultraviolet/visible spectrum was consistent with a 
literature spectrum in Amax. However, the determined ~302 value was higher than the 
reported literature value. 

II. g u a n  titation of Hexachlorobenzene Present in Pentachloronitrobenzene 
Lot No. 0120679 Performed by the Analytical Chemistry Laboratory 

A. Analytical method: Gas chromatography/mass spectrometry 

Instrument: Varian MAT 31 l-A mass spectrometer coupled via a single-stage glass jet 
helium separator to a Varian 2700 gas chromatograph. Data handled by an Incos 2300 data 
system 
Column: 1% SP2250 on 100/120 Supelcoport, 1.8 m X 2 mm ID, glass 
Oven temperature: 175" C 
Carrier gas: Helium, 30 mVmin 
Temperatures 

Inlet, 180" C 
Helium separator, 280" C 
Transfer line, 290" C 
Ion source, 250" C 

Electron energy: 70 eV 
Scan range: 40-350 AMU 
Accelerator voltage: 3,000 V 
Electron multiplier voltage: - 2,000 V 
Emission current: 1 mA 
Resolution: 1,000 

Standard solutions of hexachlorobenzene (103.41 and 51.72 pg/ml in chloroform), when in- 
jected on the system given above, gave a peak with a retention time of 2.3 min, which was 
confirmed to be hexachlorobenzene by its mass spectrum. Injection of solutions of pentachlo- 
ronitrobenzene (100.21 and 100.10 mg/ml in chloroform) gave a peak a t  this retention time 
which was shown to be a mixture of hexachlorobenzene and an isomer of tetrachloronitro- 
benzene. Comparison of the abundance of d e  284 (largest ion in the molecular ion cluster of 
hexachlorobenzene) in the sample injections with the abundance of this ion provided by 
standard iry'ections was used to determine the amount of hexachlorobenzene present in the 
pentachloronitrobenzene sample. 

B. Results: Hexachlorobenzene was found to be present in pentachloronitrobenzene at a level 
of 0.07% f 0.01% (w/w). 
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III. Stability Study of Pentachloronitrobenzene Lot No. 0120679 Performed by the 
Analytical Chemistry Laboratory 

A. Sample storage: Samples were stored protected from light in glass vials with Teflon@-lined 
lids for 2 weeks at temperatures of - 20", 5", 25", or 60" C. 

B. Analysis: Triplicate samples were prepared from each storage temperature by diluting ap- 
proximately 150 mg of the compound, accurately weighed, and approximately 50 mg 
of 1-nitronaphthalene, the internal standard, accurately weighed, to 50 ml with chloroform. 
Samples were analyzed by the following gas chromatographic system. 

Instrument: Varian 3700 
Detector: Flame ionization 
Inlet temperature: 220" C 
Detector temperature: 250" C 
Carrier gas: Nitrogen, 70 mYmin 
Column: 1.8 m X 4 mm ID glass, silylated and packed with 3% SP2250 on 100/120 
Supelcoport 
Oven temperature: 210" C, isothermal 

C. Results 

Storage TemDerature 

- 20" c 
5" c 
25" C 
60" C 

Percent Compound 
(normalized to 
- 20" C sample) 

100.0 
100.6 k 0.7(6) 
100.5 f: 0.7(6) 
101.0 f 0.76) 

D. Conclusions: Pentachloronitrobenzene was stable within the limits of error of the analysis 
a t  temperatures of up to 60" C when stored for 2 weeks in glass vials protected from light. 
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IV. Stability Study of Pentachloronitrobenzene Lot No. 0120679 Performed by the 
Study Laboratory 

A. Storage conditions 

Bu lk  0°C 
Reference: - 18" C or lower 

B. Analytical methods 

1. Infrared spectroscopy 

Instrument: Perkin-Elmer Infracord X137 
Phase: Potassium bromide pellet 

2. Gas chromatography 

Instrument: Varian 1400 with HP3390A integrator or Varian 3700 with CDSlll 
Detection: Flame ionization 
Column: 3% SP2250 on 100/120 Supelcoport, 6 ft X 2 mm ID, glass 
Inlet temperature: 200° or 210' C 
Oven temperature program: 100°-230" C a t  10°C/min 
Detector temperature: 240" or 250" C 

C. Results 

1. Infrared spectroscopy: All bulk spectra were consistent with the reference spectra 
and with the spectrum supplied by the analytical chemistry laboratory. 

2. Gas chromatography 

Date of Percent Penkchloro- n e  
Analvsis Buik lwQmau 
05/29/80 
08/26/80 
12/23/80 
04/16/81 
08/12/81. 
12/21/81 
04/05/82 
08/06/82 
1 W1 7/82 
04/25/83 
06/23/83 

99.40 
99.58 
99.50 
99.50 
99.58 
99.59 

99.58 
99.60 
99.53 
99.52 

99.58 

-- 
99.64 
99.47 
99.49 
99.56 
99.59 
99.55 
99.59 
99.62 
99.53 
99.55 

D. Conclusions: Results show no notable degradation of the study material occurred during 
the studies. 
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APPENDIX E. PREPARATION AND CHARACTERIZATION 

I. Studies Conducted by the Analytical Chemistry Laboratory 

A. Analysis of formulated diets for mixing homogeneity 

1. Study parameters  

Concentration: 20,000 ppm 
Vehicle: NIH 07 Rat and Mouse Ration 
Blender: Patterson-Kelly@ twin-shell, 4-quart, stainless steel, with intensifier bar 

2. Premix preparation: Pentachloronitrobenzene (30.00 g) was transferred to a 600-ml 
beaker and thoroughly mixed by spatula with approximately 30 g of feed. More feed was 
added in 30- to 40-g portions with mixing between additions until the weight of the pre- 
mix was 200 g. 

3. Bulk mixing a n d  sampling: A 600-g portion of feed was layered evenly into the 
blender; then the 200-g premix was added in equal amounts to both sides of the blender. 
The fine material adhering to the beaker walls was taken up by briefly stirring 100 g of 
feed in the beaker and then adding it to the blender. An additional 600 g of feed was 
layered over the premix, and the blender ports were sealed. The mix was blended with 
the intensifier bar on for the first 5 minutes and off for 10 minutes. Periodically, the out- 
side of the blender was given a firm tap with a block of wood to dislodge any feed packed 
in the corners. At the end of the 15-minute mixing period, approximately 50 g of the 
blend was sampled from the upper left- and right-hand shells and from the bottom dis- 
charge port. Triplicate 10-g samples from each location ( k 0.01 g) were transferred to 
200-ml foil-wrapped centrifuge bottles for the analysis of pentachloronitrobenzene. The 
target concentration of the chemical in the feed blend was 20,000 ppm. 

4. Analysis procedure: Samples (10.00 g in 200-ml foil-wrapped centrifuge bottles) were 
extracted with 100 ml of reagent-grade acetonitrile by shaking for 30 minutes on a 
Burrell Wrist-Action@ Shaker. Aliquots (5  ml) of the extracts, c la rsed  by centrifuga- 
tion, were pipetted into 10-ml amber septum vials containing 5 ml of internal standard 
solution (carbazole, 0.7 mg/ml in acetonitrile). The vials were sealed and mixed; then 
the pentachloronitrobenzene concentration was determined by the gas chromatographic 
system described below. 

Instrument:  Varian 3700 Gas Chromatograph with C D S l l l  integrator and 
autosampler 
Column: 3% SPZlOO on 100/120 mesh Supelcoport; 1.8 m X 2 mm; glass, silanized 
Detector: Flame ionization 
Temperature  

Oven, 170" C, isothermal 
Dectector, 260" C 
Injector, 200" C 

Carrier gas: Nitrogen, 30 mumin 
Volume injected: 3 p1 
Retention times: Pentachloronitrobenzene--4.7 min 

Internal standard--5.6 min 
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5. Quality assurance measures: Analyses were performed in random order with dupli- 
cate injections of sample solutions prepared in triplicate. Recovery of the chemical from 
feed was determined in triplicate with undosed feed spiked at  the same level as the 
samples and carried through the sample analysis procedure. All determinations were 
related to an internal standard incorporated into the sample solutions. Results were cal- 
culated from electronically integrated peak areas of the calibration standards. 

The linearity of the gas chromatographic detector system was evaluated with standard 
solutions of pentachloronitrobenzene a t  concentrations of 0.6, 1.0, and 1.2 mg/ml. The 
correlation coefficient was 0.99999. 

6. Results 

SamDling Locataon in Feed ( m m )  (a.b) Percent Recovery (c )  
15-Min Blend. Pentachloronitrobenzene 

Left 20,200 101.1 f 0.9 

Bottom 20,230 101.2 f 1.9 

Right 20,110 100.6 k 0.4 

(a) Results are the mean of three determinations corrected for a zero-time spiked recovery yield of 98.1% f 0.2%. 
(b) Target concentration of pentachloronitrobenzene in feed was 20,000 ppm. 
(c) Errorpalues are average deviations from the mean and include both analytical precision and feed blend 
variability. 

7. Conclusions: Pentachloronitrobenzene was blended into animal feed a t  a concentra- 
tion of 20,000 ppm and showed < 1% variation in the mean concentration determined a t  
three sampling points in the blender. The mean of the nine analyses was 100.9% of the 
target concentration. 
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B. Analysis of formulated diets for stability of pentachloronitrobenzene 

1. 

2. 

3. 

4. 

5. 

6. 

Study parameters 

Concentration: 20,000 ppm 
Vehicle: NIH 07 Rat and Mouse Ration 
Duration: 2 weeks 
Temperatures: 5") 25") and 45" C 

Sample preparation and storage: From the dosed feed blend prepared as described in 
Section I.A.3. of this appendix, four 12-02 screw-cap jars were filled with about 250 g of 
mix and tightly sealed. Individual jars were stored in the dark at 5", 25", or 45" C for the 
2-week stability study. 

Analysis procedure: Same as in Section I.A.4. of this appendix 

Quality assurance measures: Same as  in Section I.A.5. of this appendix 

Results 

Storage Pentachloronitrobenzene 
Temperature in Feed ( m m )  (a.b) Percent Recoverv (c) 

5" c 20,330 101.7 f 0.3 

25" C 20,170 100.8 f 1.2 

45" c 19,340 96.7 * 0.4 

(a) Results are the mean ofthree determinations corrected for a zero-time spiked recovery yield of 97.7% 
f 0.3%. 
(b) Target concentration of pentachloronitrobenzene in feed was 20,000 ppm. 
( c )  Error values are average deviations from the mean and include both analytical precision errors plus feed 
blend variability. 

Conclusions: Pentachloronitrobenzene blended into animal feed a t  20,000 ppm was 
stable after 2 weeks' storage in the dark a t  temperatures of up to 25" C. There was a 
3.3% loss after 2 weeks' storage a t  45" C. 
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II. Analysis of Formulated Diets for Mixing Homogeneity Conducted by the 
Study Laboratory 

A. Preparation of formulated diets: The appropriate amount of pentachloronitrobenzene 
was weighed, added to a n  aliquot of NIH 07 Rat and Mouse Ration in a mortar, and mixed 
with a pestle to form a visually uniform premix. The premix was sandwiched between the 
remaining meal in a Patterson-Kelly@ Intensifier Bar model V-blender and mixed for 15 
minutes. 

B. Sampling and analysis: Duplicate 2-g samples were taken from the top right, top left, and 
bottom positions of the blender for each of the 40,000- and 1,250-ppm mixtures. Samples 
were extracted with 50 ml of absolute ethanol. The supernatant solutions for the 40,000- 
ppm concentration were analyzed by ultraviolet spectrophotometry a t  302 nm after a 1 : l O  
dilution with ethanol. The 1,250-ppm concentration supernatant solutions were analyzed by 
flame ionization detectiodgas chromatography a t  200" C on a 6 ft  X 2 mm ID glass column 
packed with 3% SP2250 on 100/120 mesh Supelcoport. 

C. Results 

Sample Target Measured Percent 
Location Concentration (ppm) Concentration (ppm) (a) of Target 

Top left 40,000 
Top right 40,000 
Bottom 40,000 

Top left 1,250 
Top right 1,250 
Bottom 1,250 

39,300 98.3 
36,500 91.3 
36,800 92.0 

1,210 96.8 
1,130 90.4 
1,130 90.4 

(a) Results ofduplicate analysis 

D. Conclusions: Concentrations found were all within f: 10% of the target values. 
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1. Study Laboratory 

Procedure: Duplicate 2-g samples were extracted with acetonitrile containing 0.09 mg/ml car- 
bazole as the internal standard. Spiked reference samples were prepared in the same manner to 
provide calibration data. The supernatant solutions were analyzed by flame ionization detec- 
tiodgas chromatography at 200" C on a 6 ft X 2 mm ID glass column packed with 3% SP2250 on 
100/120 mesh Supelcoport. 

II. Analytical Chemistry Laboratory 

Pentachloronitrobenzene is light sensitive. All operations were therefore performed in subdued 
light with foil-covered or amber glassware. 

A. Preparation of spiked feed standards: Two standard solutions of pentachloronitroben- 
zene were prepared independently in acetonitrile. These solutions were diluted with aceto- 
nitrile to make four additional standards. Aliquots (20 ml) of the six standard solutions 
were pipetted into individual 200-ml centrifuge bottles containing 10 g of undosed feed to 
make spiked feed standards bracketing the specified concentration range of the referee 
sample. One 200-ml centrifuge bottle containing 10 g of undosed feed was treated with 20 
ml of acetonitrile for use as a blank. The spiked feed standards and the feed blank were 
sealed and allowed to stand overnight a t  room temperature before being analyzed. 

B. Preparation of the referee sample: Triplicate amounts of the referee feed sample (ap- 
proximately 10 g weighed to the nearest 0.001 g) were transferred to individual 200-ml cen- 
trifuge bottles. Acetonitrile (20 ml) was pipetted into each sample; the bottles were sealed 
and allowed to stand overnight a t  room temperature before analysis. 

C. Analysis: Acetonitrile (80 ml) was pipetted into each blank, standard, and referee sample 
bottle, and the bottles were shaken at  maximum stroke for 30 minutes on a wrist-action 
shaker. After being centrifuged for 5 minutes, a 5-ml aliquot of each extract was mixed with 
5 ml of internal standard solution (carbazole in acetonitrile). The pentachloronitrobenzene 
content of these solutions was determined by the gas chromatographic system described 
below. 

Instrumental system 

Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian CDS l l l - C  
integrator 
Column: 3% SP2260 on 100/120 mesh Supelcoport, 1.8 m X 4 mm ID, glass, silanized 
Detection: Flame ionization 
Temperatures 

Inlet, 22OOC 
Oven, 200" C, isothermal 
Detector, 250" C 

Carrier gas: Nitrogen, 30 mumin 
Volume of solution injected: 3 p1 
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The total amount of pentachloronitrobenzene in the referee feed samples was determined 
from a linear regression equation relating each spiked feed standard to the internal 
standard. 

D. Quality assurance measures: The referee feed sample was analyzed in triplicate] and the 
undosed feed sample was analyzed once. Individually spiked portions of undosed feed (six 
levels bracketing the specified concentration range of the referee sample) were prepared 
from two independently weighed standards and were treated like the referee feed samples to 
obtain standard data. Triplicate injections of each standard and sample were made into the 
gas chromatograph in a random order. All determinations were related to an  internal 
standard incorporated into the sample solutions. 
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RESULTS OF ANALYSIS OF FORMULATED DIETS 

PACE 

TABLE Cl RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN-WEEK 
FEED STUDIES OF PENTACHLORONITROBENZENE 106 

TABLE C2 RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES OF PENTACHLORONITROBENZENE 106 

TABLE C3 RESULTS OF REFEREE ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR 
FEED STUDIES OF PENTACHLORONITROBENZENE 106 
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TABLE Cl. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN-WEEK 
FEED STUDIES OF PENTACHLORONITROBENZENE 

Concentration (a) of Pentac hloronitrobenzene 
in Feed ( m m )  Determined as a Percent 

Date Mixed Target De terrnined of Targe t 

05/05/80 2,500 
5,000 

10,000 
20,000 
40,000 

2,300 
4,600 

10,300 
19,800 
37,500 

92 
92 

103 
99 
94 

(a) Resulta of duplicate analysis 

TABLE GB. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE TWO-YEAR FEED 
STUDIES OF PENTACHLORONITROBENZENE 

Date Mixed 
Concentration (a) of Pentac hloronitrobenzene 

in Feed for Target Concentration (mm)  
%M)o 5,000 

06/03/a 1 
07/20/81 
08/24/81 
10/05/81 
01101Vs2 
03/01/82 
04/26/82 
05/24/82 

09/27/82 
10/25/82 
01/24/83 
02/14/83 
04/25/83 

07/iwa2 

2,500 
2,450 
2,400 
2,600 
2,400 
2,500 
2,540 
2,370 
2,370 
2,610 
2,360 
2,600 
2,400 
2,400 

4,900 
5,100 
5,100 
4,900 
4,900 
5,200 
4,700 
4.930 
5,160 
4,990 
5,100 
4,700 
5,100 
5,000 

Mean (ppm) 2,460 
Standard deviation 86 
Coefficient of variation (percent) 3.5 
Range (ppm) 2,350-2,610 
Number of samples 14 

4,980 
160 

3.2 
4,700-5,200 

14 

(a) Results of duplicate analysis 

TABLE G3. RESULTS OF REFEREE ANALYSIS OF FORMULATED DIETS IN THE 
TWO-YEAR FEED STUDIES OF PENTACHLORONITROBENZENE 

Determined Concentration (DDm) 
Date Mixed Target Concentration Study Laboratory (a) Referee Laboratory (b) 

(ppm) 

06/03/81 
10/05/8 1 
04/26/82 
10/25/82 
Or1125183 

5,000 
2,500 
2,500 
5,000 
2,500 

4,900 
2,600 
2,540 
5,100 
2,400 

5,000 
2,600 
2,500 
4,900 
2,500 

(a) Resuite of duplicate analysis 
(b) Results of triplicate analyais 
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APPENDIX H. SEROLOGY AND CULTURE OF ABSCESSES

I. Sentinel Animal Program

A. Methods

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced
in optimally clean facilities to eliminate potential pathogens that may affect study results. The
Sentinel Animal Program is part of the periodic monitoring of animal health that occurs during
the toxicologic evaluation of chemical compounds. Under this program, the disease state of the
rodents is monitored via viral serology on sera from extra (sentinel) animals in the study rooms.
These animals are untreated, and these animals and the study animals are both subject to
identical environmental conditions. The sentinel animals come from the same production
source and weanling groups as the animals used for the studies of chemical compounds.

Fifteen B6C3Fi mice of each sex were selected at the time of randomization and allocation of the
animals to the various study groups. Five animals of each designated sentinel group are killed
at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected from
5/50 randomly selected control animals of each sex. The blood from each animal is collected and
clotted, and the serum is separated. The serum is cooled on ice and shipped to Microbiological
Associates' Comprehensive Animal Diagnostic Service for determination of the antibody titers.
The following tests are performed:

Hemagglutination Complement
Inhibition Fixation ELISA

PVM (pneumonia virus of mice) M.Ad. (mouse adenovirus) MHV (mouse
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus)
GDVH (Theiler's choriomeningitis virus) M. pul. (Mycoplasma

encephalomyelitis virus) Sendai(12mo) pulmonis) (24 mo)
Poly (polyoma virus)
MVM (minute virus of mice)
Ectro (infectious ectromelia)
Sendai (6,18, 24 mo)

B. Results

TABLE HI. MURINE ANTIBODY DETERMINATIONS IN THE TWO-YEAR FEED STUDIES OF
PENTACHLORONITROBENZENE (a)

No. of Positive Serologic
Interval Animals Reaction for
(months)

6 -- None positive
12 -- None positive
18 3/8 MHV
24 7/9 Sendai

1/9 M. pul.
5/10 MHV

(a) Blood samples were taken from sentinel animals at 6, 12, and 18 months after the start of dosing and from the control
animals just before they were killed; samples were sent to Microbiological Associates, Inc. (Bethesda, MD) for the Animal
Disease Screening Program.
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II. Results of Culture of Ovarian Abscesses 

TABLE Ha. SUMMARY OF BACTERIOLOGIC FINDINGS INOVARIAN ABSCESSES IN MICE IN THE 
TWO-YEAR FEED STUDIES OF PENTACHLORONITROBENZENE (a) 

Data of 
Sampling 

Animal 
Identification 

Bacteriologic 
Finding 

2/04/83 
3/11/83 
6110183 
6/10183 
6/09/83 
6/09/83 

56HF C23 
56UF 122 
56UF 124 
56UF C21 
56LF 149 
56LF X7 

Klebsiella pneumoniae 
Staphylococcus a ureus 
K .  oxytoca 
K .  pncumoniae 
K .  oxytoca 
K. oxyroea 

~~ 

(a) Identification of enteric organisms was by the API 20E bacterical identification system (Analytab Products, Inc., Plainview, 
NY 11803). 
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TABLE 11. FEED AND COMPOUND CONSUMPTION BY MALE MICE IN THE TWO-YEAR FEED 
STUDY O F  PENTACHLORONITROBENZENE 

Control Low Dose High Dose 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed Weight Feed/ Weight Control (b) Day (c) F e e d  Weight Control (b) Day (c) 

Week Day(a)  (grams) Day(a)  (grams) Day (a) (grams) 

4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
61 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

7 30.6 
7 33.7 
6 34.6 
6 35.8 
6 37.3 
6 38.6 
6 39.5 
6 38.0 
6 41.6 
5 42.7 
6 43.5 
5 43.2 
5 43.1 
5 43 .O 
7 41.6 
4 42.4 
5 40.9 
5 41.1 
5 41.8 
6 41.3 
5 39.9 
5 40.2 
5 40.5 
4 39.1 
8 38.7 

6 
7 
6 
6 
6 
6 
5 
6 
7 
6 
7 
6 
5 
5 
6 
5 
6 
5 
6 
7 
5 
6 
7 
6 
8 

31.0 
33.4 
34.6 
35.8 
37.1 
38.5 
38.8 
38.1 
40.5 
40.9 
42.3 
41.9 
41.5 
41.8 
41.4 
42.7 
41.4 
40.8 
42.8 
41.3 
39.9 
40.1 
39.9 
38.8 
39.0 

0.9 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
0.8 
1 .o 
1.2 
1.2 
1.2 
1.2 
1 .o 
1 .o 
0.9 
1.3 
1.2 
1 .o 
1.2 
1.2 
1 .o 
1.2 
1.4 
1.5 
1 .o 

484 
524 
434 
419 
404 
390 
322 
394 
432 
367 
414 
358 
301 
299 
362 
293 
362 
306 
350 
424 
313 
374 
439 
387 
513 

6 
8 
7 
7 
7 
I 
6 
7 
8 
8 
8 
7 
6 
7 
7 
6 
6 
6 
7 
8 
6 
7 
7 
8 
8 

30.1 
31.9 
33.1 
34.1 
35.5 
36.2 
36.7 
36.0 
37.9 
38.4 
38.4 
38.9 
38.7 
38.7 
38.4 
38.4 
38.9 
38.4 
38.7 
38.0 
37.4 
38.1 
36.1 
37.4 
37.2 

0.9 
1.1 
1.2 
1.2 
1.2 
1.2 
1 .o 
1.2 
1.3 
1.6 
1.3 
1.4 
1.2 
1.4 
1 .o 
1.5 
1.2 
1.2 
1.4 
1.3 
1.2 
1.4 
1.4 
2.0 
1 .o 

997 
1,254 
1,057 
1,026 

986 
967 
817 
972 

1,055 
1,042 
1,042 

900 
775 
904 
911 
78 1 
771 
781 
904 

1,053 
802 
919 
970 

1,070 
1,075 

Mean 5.6 39.7 6.0 39.4 1.1 387 7.0 36.9 1.3 953 
SD(d) 1.0 0.8 0.2 64 0.8 0.2 121 
CV(e) 17.9 13.3 18.2 16.5 11.4 15.4 12.7 

(a) Grams of feed removed from the feeder; not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of pentachloronitrobenzene consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviatiodmean) x 100 
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TABLE 12. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY O F  PENTACHLORONITROBENZENE 

Control Low Dose High Dose 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed Weight Control (b) Day(c) Feed/ Weight Control (b) Day (c) 

Week Day (a) (grams) Day (a) (grams) Day (a) (grams) 

4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
61 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

7 23.7 
7 26.3 
6 27.9 
6 29.5 
7 31.9 
7 34.5 
6 35.6 
7 35.0 
8 37.8 
7 39.9 
7 41.6 
6 42.9 
6 43.8 
6 42.7 
5 41.9 
6 43.9 
6 44.4 
7 43.5 
7 46.1 
8 46.3 
7 45.9 
8 46.2 
8 48.4 
8 47.7 
8 49.8 

7 23.1 
8 25.4 
6 26.3 
7 28.3 
8 29.9 
9 31.7 
7 33.2 
8 32.5 
9 35.0 
8 36.3 
9 37.8 
8 39.3 
7 39.6 
7 39.3 
8 39.5 
7 39.6 
8 39.7 
7 39.7 

10 41.0 
9 42.5 
9 42.2 
9 41.5 

10 41.4 
11 41.4 
13 41.6 

1 .o 758 
1.1 787 
1 .o 570 
1.2 618 
1.1 669 
1.3 710 
1.2 527 
1.1 615 
1.1 643 
1.1 55 1 
1.3 595 
1.3 509 
1.2 442 
1.2 445 
1.6 506 
1.2 442 
1.3 504 
1 .o 441 
1.4 610 
1.1 529 
1.3 533 
1.1 542 
1.3 604 
1.4 664 
1.6 781 

7 23.3 
10 25.4 
8 26.6 
8 28.0 
8 29.5 
9 30.6 
7 32.0 
8 31.2 
8 34.0 
9 34.7 

10 36.9 
9 36.4 
8 36.5 
8 35.8 
8 35.7 
7 34.0 

10 37.8 
10 36.3 
10 38.1 
10 38.0 
11 37.1 
13 37.9 
11 36.6 
12 38.4 
10 37.9 

1 .o 
1.4 
1.3 
1.3 
1.1 
1.3 
1.2 
1.1 
1 .o 
1.3 
1.4 
1.5 
1.3 
1.3 
1.6 
1.2 
1.7 
1.4 
1.4 
1.3 
1.6 
1.6 
1.4 
1.5 
1.3 

1,502 
1,969 
1,504 
1,429 
1,356 
1,47 1 
1,094 
1,282 
1,176 
1,297 
1,355 
1,236 
1,096 
1,117 
1,120 
1,029 
1,323 
1,377 
1,312 
1,316 
1,482 
1,715 
1,503 
1,563 
1,319 

Mean 6.8 39.9 8.4 36.3 1.2 584 9.2 33.9 1.3 1,358 
SD(d) 0.9 1.5 0.2 103 1.6 0.2 210 
CV(e) 13.2 17.9 16.7 17.6 17.4 15.4 15.5 

(a) Grams of feed removed from the feeder; not corrected for scatter. 
(b) Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams of pentachloronitrobenzene consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation - (standard deviationhean) X 100 
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TABLE J1. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent  by Weight 

Ground 12 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Brewer’s dried yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NIH, 1978; NCI, 1976 
(b) Ingredients ground to pass through a U S .  Standard Screen No. 16 before being mixed 

TABLE J% VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K i  
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 

Pyridoxine 
Biotin 

B12 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 

1.7 g 
140.0 mg 

4,000 pg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 Ib) of finished product 
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TABLE 53. NUTRIENT COMPOSITION O F  NIH 07 RAT AND MOUSE RATION (a) 

Nutrient 
Mean k Standard 

Deviation Range No. of Samples 

Crude protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Essential Amino Acids (percent of total diet) (a) 

24.19 k 1.07 
5.02 f 0.47 
3.37 k 0.37 
6.54 k 0.26 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

1.300 
0.340 
1.137 
0.561 
0.899 
1.930 
1.243 
0.329 
0.991 
0.851 
0.187 
0.647 
1.090 

Essential Fatty Acids (percent of total diet) (a) 

Linoleic 
Linolenic 

Vitamins (a) 
Vitamin A (IU/kg) 
Vitamin D (IU/kg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,, (ppb) 
Choline (ppm) 

Minerals (a) 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

2.40 
0.284 

11,936 f 2,547 
5,220 
39.1 

18.7 f 3.20 
7.3 
82 

30.2 
7.7 
2.5 
0.27 
21.2 

3,337 

1.22 f 0.10 
0.96 f 0.05 

0.809 
0.581 
0.307 
0.165 
0.292 
420 
87.7 
52.1 
11.15 
2.66 
1.72 
0.64 

22.4-26.3 
4.2-6.0 
2.4-4.2 

5.97-7.03 

1.21-1.38 
0.23-0.40 
1.06- 1.20 

0.530-0.578 
0.881-0.934 

1.85-1.98 
1.20-1.30 

0.306-0.368 
0.960-1.04 

0.827-0.886 
0.171-0.211 
0.566-0.769 

1.05-1.12 

2.37-2.44 
0.259-0.308 

8,900-22,000 
4,140-6,300 
31.1-44.0 
14.0-26.0 
6.1-8.1 
65-97 

23.0-30.5 
5.6-8.8 
1.8-3.4 

0.21-0.32 
10.6-38.0 

3,200-3,430 

1.10-1.45 
0.84-1.10 

0.772-0.846 
0.479-0.635 
0.258-0,349 
0.15 1-0.177 
0.270-0.290 

409-431 
81.7-95.5 
46.1-56.0 
8.09-1 5.70 
1.52-3.64 
1.44- 1.93 
0.49-0.78 

25 
25 
25 
25 

3 
3 

2 
2 

25 
2 
3 

3 
3 
3 
3 
3 
3 
3 
3 

24 (b) 

25 
25 
2 
3 
3 
3 
3 
3 
3 
3 

(a)  TWO or three batches of feed analyzed for nutrients reported in this table were manufactured in 1983 and 1984. 
(b) One batch (7122181) was not analyzed for thiamine. 
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TABLE 54. CONTAMINANT LEVELS I N  NIH 07 RAT AND MOUSE RATION 

Mean f Standard 
Contaminant Deviation Range No. of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (c) 
BHA (ppm) (d) 
BHT (ppm) (d) 

Aerobic plate count (CFUlg) (e) 
Coliform (MPN/g) (D 
E. coli (MPNIg) (f,g) 
E. coli (MPN/g) (f,h) 

Total nitrosamines (ppb) (i, j) 
Total nitrosamines (ppb) (i,k) 
N-Nitrosodimethylamine (ppb) (i,l) 
N-nitrosodimethy lamins (ppb) (i,m) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (a& 
B-BHC (a) 
y-BHC-Lindane (a) 
I-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE ( 0 )  
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (p) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCB’s (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (q) 
Endosulfan I (a) 
Endosulfan II (a) 
Endosulfan sulfate (a) 

0.45 f 0.11 
<0.1 

0.95 f 0.78 
< 0.05 

0.28 f 0.06 

c 10 

9.85 f 4.55 
1.92 f 1.28 
5.67 f 5.07 
3.35 f 2.55 

121,420 f 94,844 
965 f 991 
6.76 f 7.06 
12.64 f 29.46 

4.40 f 3.16 
8.29 f 19.41 
3.05 f 3.05 
6.89 f 19.42 
1.20 f 0.62 

<0.01 
<0.02 
co.01 
<0.01 
KO.01 
< 0.01 
<O.Ol 
<0.01 
<0.01 
<0.01 
<0.01 
co.01 
<0.05 
co.01 
KO.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
<0.02 
<0.05 
<0.1 
<0.02 
<0.02 

0.08 f 0.05 
<0.01 
<0.01 
< 0.03 

0.21-0.65 

0.27-2.93 

0.16-0.40 

< 5.0-10.0 

0.6-19.0 
0.4-5.3 
1.5-20.0 

<1.0-13.0 

7,000-420,000 
C3-2,400 
<3-23 
<3-150 

< 1.2- 12.9 
1.2-100.3 
0.6- 12.0 
0.6-99.0 
<0.3-2.4 

0.05 (7/14/81) 

0.13 (8/25/81);0.6 (6/29/82) 

CO.05-0.25 

25 
25 
25 
25 
25 

25 

25 
25 
25 
25 

25 
25 
24 
25 

24 
25 
24 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
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TABLE J4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued)

(a) All values were less than the detection limit, given in the table as the mean.
(b) The detection limit was reduced from 10 ppb to 5 ppb after 7/81.
(c) Source of contamination: alfalfa, grains, and fish meal
(d) Source of contamination: soy oil and fish meal
(e) CFU = colony-forming unit
(f) MPN = most probable number
(g) Mean, standard deviation, and range exclude one value of 150 for batch produced on 8/26/82.
(h) Mean, standard deviation, and range include the high value given in footnote f.
(i) All values were corrected for percent recovery.
(j) Mean, standard deviation, and range exclude one value of 100.3 ppb for batch produced on 4/27/81.
(k) Mean, standard deviation, and range include the high value given in footnote i.
(1) Mean, standard deviation, and range exclude one value of 99 for batch produced on 4/27/81.
(m) Mean, standard deviation, and range include the high value listed in footnote k.
(n) BHC = hexachlorocyclohexane or benzene hexachloride
(o) One observation was above the detection limit. The value and the date it was obtained are listed under the range.
(p) Two observations were above the detection limit. The values and the dates they were obtained are listed under the range.
(q) Ten batches contained more than 0.05 ppm.
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APPENDIX K. DATA AUDIT SUMMARY 
~~ 

The experimental data, records, and pathology materials for the 2-year toxicology and carcinogenesis 
studies of pentachloronitrobenzene in B6C3F1 mice were audited for accuracy, consistency, complete- 
ness, and compliance with Good Laboratory Practice (GLP) regulations of the Food and Drug Admin- 
istration (implemented by the NTP beginning October 1, 1981). The studies were conducted for the 
NTP, National Institute of Environmental Health Sciences (NIEHS), by EG&G Mason Research In- 
stitute, Worcester, Massachusetts, under a subcontract with Tracor Jitco, Inc. Animal dosing with 
pentachloronitrobenzene began in June 1981 and ended June 1983. The retrospective audit was con- 
ducted at  the NTP Archives, Research Triangle Park, North Carolina, in October 1985 and Septem- 
ber and October 1986 by Program Resources, Inc. The individuals involved in the audit are listed in 
the full audit report, which is on file a t  the NIEHS, The audit included a review of the following: 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 

All chemistry records. 

Body weight and clinical observation data for a random 10% sample of the study animals. 

Food consumption data for each group of animals. 

All inlife records concerning environmental conditions, masses, mortality, and animal 
identification. 

All postmortem records for individual animals concerning identification, disposition codes, 
condition codes, and correlation between gross observations and microscopic diagnoses. 

Wet tissues from a random 10% sample of the study animals to verify animal identification 
and to examine for untrimmed lesions. 

Slides and blocks of tissues from all control and high dose animals to examine for proper 
match and inventory. 

Tabulated pathology diagnoses for a random 10% of study animals to verify computer data 
entry. 

The review of the chemistry records indicated that the formulated diets were properly prepared 
throughout the course of the studies. The inlife observations as reported in the Technical Report ac- 
curately reflect the recorded findings. Procedures early in the course of the studies (before GLP proce- 
dures went into effect) which were not completely documented included quarantine observations, 
randomization of animals into dose groups, and animal housing conditions. These procedures were 
described in the final laboratory report, and their absence from the study records had no adverse im- 
pact on the interpretation of the studies. 

The review of the pathology data indicated good correlation between slides and blocks. There were 
some miscellaneous observations noted at necropsy for which there were no microscopic diagnoses; 
these do not affect the conclusions of the Technical Report. The wet tissues of 52 mice were examined 
for untrimmed potential lesions; four were found. These were not examined further. A review of the 
wet tissues for animal identification showed that 3 of 144 animals examined (1 control male and 2 
high dose females) had identification markings that did not correspond to the numbers on the bags. 
Further review of the inlife data, including body weight records and identification markings for 
animals with corresponding numbers in other dose groups, indicated that animal mixup had not 
occurred. 

The NIEHS/NTP conclude that the data reported were adequate to support the conclusions presented 
in this Technical Report. 
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