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NATIONAL TOXICOLOGY PROGRAM 

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

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

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of selected chemicals in laboratory animals (usually two species1 rats and mice). Chemicals selected for testing in the NTP Carcinogenesis Program are chosen primanly on the bases of human exposure, level of proauction, and chemical structure. Selection per se is not an indicator of a chemical's carcinogenic potential. Negative results, in which the test animals do not have a greater incidence of cancer tha11: control animals, do not necessarpy_mean that a tes~ ~hemical i~ ':lOt a carcmogen, inasmuch as the expenments are conducted under a hm1ted set of cond1tlons. Pos1t1ve results demonstrate that a test chemical is carcinogenic for animals under the conditions of the test and indicate that exposure to the chemical has the potential for hazard to humans. The determination of the risk to humans from chemicals found to be carcinogenic in animals requires a wider analysis which extends beyond the purview of this study. 

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For each defimtive study result (male rats, female rats, male mice, female mice), one of the following quintet will be selected to describe the findings. These categories refer to the strength of the experimental evidence and not to either potency or mechanism. 

• Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a chemically related increased incidence of malignant neoplasms, studies that exhibit a substantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence of a combination of malignant and bemgn neoplasms where each increases with dose. 
• Some Evidence of Carcinogenicity is demonstrated bv studies that are interpreted as showing a chemically related increasecf incidence of benign neoplasms, studies that exhibit marginal Increases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncommon malignant or benign neoplasms. 

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

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

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

Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been adopted by the NTP to give further clarification of these Issues: 
The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not usually observed, the earlier induction by chemicals of neoplasms that are commonly observed, or the induction by chemicals of more neoplasms than are generally found. Different mechanisms may be involved in these situations. Etymologically, the term carcinogenesis means induction of cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction of various types of neoplasms or of a combination of malignant and benign neoplasms. In the Technical Reports, the words tumor and neoplasm are used interchangeably. 

This study was initiated bv the National Cancer Institute's Carcinogenesis Bioassay Program now part of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies described in this Technical Report have been conducted in compliance with r-.;-TP chemical health and safetv requirements and must meet or exceed all applicable Federal,.l. state! and local health and safety regufations. Animal care and use were in accordance with the C.:::>. Pub ic Health Service Policy on Humane Care and use of Animals. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being presented for peer review. -

Although cverv effort is made to _prepare the Technical Report~; :.E c.ccurate!v as pcs.oible, mistakes rna·; occur. Readers are requested to 1dentifv am: mistakes so that mrrr::ctive action mav be taken. Further. anvone who is aware of related ongoing or QUblished studies not mentioned in this re-port 1s encouraged to make this information known to the NTP Comments and guestions about the ~a tiona! Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J E HuiT, National Toxicology Program, P.O. Box ~12233, Research Triangle Park, NC 27709 (919-541-3780). 
These NTP Technical Reports are available for sale from the National Technical Information Service, C.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single copies of this Technical Report are available without charge (and while supplies last) from the NTP Public Information Office, 1'\ational Toxicology Program, P.O. Box 12233, Research Triangle Park, KC 27709. 
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PENTACHLORONITROBENZENE 
CAS I\ o. 82-68-8 

Molecular weight 295 36 

Synonyms or Trade )l' ames: AvicoJ®, PC:"l'B, quintozene, BotrilexiY, Brassico1 3 , Folosan·R·, 
PKh);B, TilcarexlY, Terraclor®, TritisanD 

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 B6C3F 1 mice of each sex for 103 weeks These doses were selected because, in 13-week studies in 
which the chemical was admin:stered in feed at doses up to 20,000 ppm in male mice and up to 40,000 
ppm in female mice, body weight gain depression was observed at 10,000 ppm and above in males and 
females and deaths occurred at 40,000 ppm in females. 

The National Cancer Institute had conducted 2-year studies in B6C3Fl mice and Osborne-::vtendel 
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 NCI decided to conduct additional 13-week and 2-year studies in B6C3Fl mice. Under the con
ditions of the NCI studies (TR 61), pentachloronitrobenzene was not carcinogenic in either Osborne
Mendel rats or B6C3Fl 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, 31150; 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, 30/50; 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 at 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 at week 104. 

~n r.ompound-reia<eci ""''JDiast:c lesion:' we;r: ~een in eit.ncr male or femaie mlce The nr,nneqpia~~;c 
lesions observed ir;. ~~ernai.:~ :T._·_:~ ·,vere consaic~:~d ~J be ::iecvndary to Oac:e:~iJ.l lnfectio!l ; primar~iy 
KlebsiellaJ and inc!uded hem;..tc-poiesis of the iiver (9/50, 21/50; 23/50) and spleen 1.14150, 231-18, 
27/50), plasma cell hyperpla::>ia 1Jf the mediastinal lymph nodes (l/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 strains TA98, TAIOO, 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. Pentachloronitrobenzene was not mutagenic at the TK +I- 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. :-; o data discrepancies were found that influenced the final interpretations. 
C nder the conditions of these 2-year feed studies, there was no evidence of carcinogenicity* for either male or female B6C3Fl mice receiving 2,500 or 5,000 ppm of pentachloronitrobenzene. [nfection is considered to have decreased survival of the female mice and thus reduced the sensiti\·ity for determining the presence or absence of a carcinogenic response. 

•Categories of evidence of carcinogenictty are deli ned 10 the Note to the Reader on page 2. A summary of the Peer Review comments and the public dtscussion on thts Techntcall{eport appears on pag-e 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 at the National Institute of Environmental Health Sciences, Research Triangle 

Park, North Carolina. 

Dr. J. Dunnick, ~TP Chemical Manager, introduced the toxicology and carcinogenesis studies ofpen

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 survival 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 60'7c at 78 

weeks. Dr J. Huff, NTP, indicated that most organizations that use carcinogenicity findings from 

laboratory experiments require 50% survival at the end of a negative study. The 18-month!50ao 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 

NCI study. Dr. Mirer commented on the reduced and variable number of tissues from low dose male 

mice which were examined histopathologically. Dr. E. McConnel!, 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 at 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. ~irer 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 he 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 ncgati\ e votes to l J.tlirmative vote (Dr Hoooe;-J 

Dr. Hooper then moved to accept the report with the conc!usions. no evidence of carcinogenicit;:, 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 l negative vote Wr. Swenberg). 
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I. INTRODUCTION 

N02 CI*CI _.....~I 
Cl Cl 

Cl 

PENTACHLORONITROBENZENE 
CAS No. 82-68-8 

Molecular weight 295.36 

Synonyms or Trade Names: Avicol0, PCNB, quintozene, Botrilex®, Brassicol 3 , Folosan°, 
PKhNB, TilcarexQO, TerraclorO, Tritisan® 

Pentachloronitrobenzene was first synthesized 
in 1868: it became widely used as a fungicide 
both in the United States and abroad in the 
1950's tiARC, 1974; WHO, 19841 A registration 
for technical-grade pentachloronitrobenzene as 
a soil fumigant and seed treatment was issued in 
1959 (CSEPA, 1976) The pentachloronitroben
zene u:::ed in these NTP studies was greater than 
99% pure and contained less than 0 07% hexa
chlorobenzene (Appendix Dl. Some physical 
properties ofthis 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 are 

used annually in the United States for agricul
tural purposes (personal communication from ,J 
Blasco, Uniroyal, to ,J Dun nick, :\TP, 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 its 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 et a!., 1982; Kan
azawa, 1981) The EPA has established an 

TABLE I. PHYSICAL PROPERTIES OF PE~TACHLOROl'iiTROBENZENE (a) 

Physrcal s:a te 
;\felttn£' P'··rnt. 
Boding CJ·>Jnt: 
\' Jlp!Jr !J:"I: ;."JUf~. 

Specdic ;ua·:rty
Solubr!Jt;• 

Pale yellow tD whrte solid. depend itH! •In p llri ty 
142° 146° ( 
:328'' Cat 760 r.1r11 Hg 1 sonH: dec;_··~H'\'~.t~· .-' J<'C'.~L 
1 61 .~ 10 · mm Hi! ar \1) 0

(. 

SO.< 1L)-·;nmHg-;It?0""C 
11.3 x IO:'mmE~SH25'C 
1.7ll:iat25eC 
Freely soluble in carbon disulfide, benzene. chloroform, ketones. and aromattc and chlonnated hydrocarbons; slightly soluble rn alkanols; water, 0.44 mg!liter at20o C; ethanol. 2 mglliter at 25° C 

(aJ USEPA. 1976; Spencer, 1973; Merck, 1983 
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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 there
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, and Metabolism 

The metabolism of pentachloronitrobenzene has 
been studied in micro-organisms, plants, and 
mammals. :\licro-organisms in soil metabolize 
pentachloronitrobenzene to pentachloroaniline, 
pen tach lorothioaniso le, pen tach lorobenze ne, 
pentachlorophenol, pen tach loropheny l me thy I 
sulfoxide, and pentachlorophenylmethyl sulfate 
(Renner, 1981). 

Pentachloronitrobenzene is metabolized ( 1) to 
sulfur-containing metabolites produced by reac
tion with glutathione, catalyzed by glutathi
one $-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 radio labeled pentachloro
nitrobenzene to rhesus monkeys showed that 
major metabolites in urine and feces include 
pentachloroaniline, pentachlorobenzene, and 
pentachlorophenol (Kogel eta!., 1979a) Rhesus 
monkeys fed diets containing 2 ppm penta
chloronitrobenzene for 7!J days had no accumula
tion of pentachloronitrobenzene and no adverse 
effects !Kogel et_ al, 1979bl. ~letabulic produc:.." 
identified in the ur:ne or· rabbits administered 
pentachlororutrobf;!17,enc by gavase Incl,..:dr:J 
pentachloroanil inc, :V-acety l-S ·pen tach loro· 
phenylcysteine, and pentachlorophenol (Betts et 
al., 1955). Oral administration of (14Cjpenta
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 rats was N-acetyl-S-penta
chlorophenylcysteine; small amounts of penta
chloroaniline, pentachloroaniline conjugates, 
pentachlorophenol, and pentachlorophenyl sul
fide were also detected (O'Grodnick eta 1., 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 eta!., 1971 ). 

Effects in Animals 

The oral LDso value for pentachloronitroben
zene was reported to be 1,650 mg/kg in female 
rats, 1,710 mg/kg in male rats, and 800 mglkg in 
rabbits (Finnegan et al., 1958) The LDso 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 at 2,500 and 
5,000 ppm (animals in the 5,000-ppm group were 
killed at 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 at 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 
<1nd Khera. 1915. Khera and Villeneuve, 19/5) 
Pe:nl.Jr:niurrJ11it_r:Joenzene contaminated with 
he:-:achiurobenzer.e was teratogenic in C57BL/6 
mice. whereas purified pentach!oronitrobenzene 
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 
a!., 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 .'l"utrition and Food Research in which a 
technical-grade pen tachloroni trobenzene con
taining 2.7% hexachlorobenzene was fed to rats 
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 at 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 ofpentachloronitrobenzene in male and fe
male C57BL/6 x C3H/Anf Ft mice and in male 
and female C57BL/6 x AKR Ft 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 pentachloronitrobenzcne at 464 mg/kg by 
gavage starting at 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 at 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 NCI (1978) reported a 2-year study with 
technical-grade pentachloroni trobenzene. (The 
supplier reported a 1.0% level of hexachloro
benzene [Fed. Reg., 1977].) Osborne-Mendel 
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rats received time-weighted-average dietary 
concentrations of pentachloronitrobenzene of 0, 
5,417, or 10,064 ppm (male) and 0, 7,857, or 
14,635 ppm (female); B6C3Fr 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; at the end of the 
study, only 4/20 control, 25/50 low dose, and 
17/50 high dose male mice were alive. Survival 
at 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, 
10/20; low dose, 21/50; high dose, 32/50; female 
rats--control, 16/20; low dose, 40/50; high dose, 
37/50. Cnder the conditions of these studies, 
pentachloronitrobenzene was not carcinogenic 
in either Osborne-Mendel rats or B6C3F 1 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 her-. This find
ing was not supported by other investigators 
(Simmon, 1978; Moriya et al., 1983). Host
mediated assays performed by Buselmaier et al. 
(1972) demonstrated no mutagenic activity for 
pen tach loronitrobenzene tested with both Sal
monella typhimurium G46 and Serratia mar
cescens A21 injected into the peritoneal cavity of 
mice Simmon et al ( 1917) and Simmon ( 1978) 
examined the mutagenic capabilities of penta
chloronitrobenzene with an extensive battery of 
microbial assays that included E calL WP2, Ba
czllus subtilis, S. typhimurium, and S cereulslae 
03 with and without Aroclor 1254-induced rat 
liver S9. Pentachloronitrobenzene was not mu
tagenic in any of the systems studied :Vloriya et 
al. (1983), following the protocol of Ames et al. 



(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 barley 
seedlings (George et al., 1970), but no dose
response relationship was demons:rable. How
ever, pentachloronitrobenzene induced somatic 
segregation in a diploid strain of Aspergillus 
nidulans (Georgopoulos et al., 1976). Penta
chloronitrobenzene was shown not :o induce un
scheduled DNA synthesis in human fibroblast 
WI-38 cells with or without metaboi:c activation 
(Simmon, 1978). Simmon (1978) also reported 
no mutagenic activity for pentachloronitroben
zene in a dominant lethal test with :-:1ice. 

NTP mutagenicity studies of pentachloronitro
benzene indicated no mutagenic activity but 
clastogenic capability (Appendix CJ. Pentachlo
ronitrobenzene was not mutagenic when tested 
according to the preincubation protocol in S 
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typhimurium strains TAlOO, TA1535, TA1537, 
or TA98 (Appendix C, Table CU. Pentachloro
nitrobenzene was tested with and without meta
bolic activation by Aroclor 1254-induced male 
Sprague-Dawley rat or male Syrian hamster 
liver 59 (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 
A roc! or 1254-induced male Sprague-Dawley rat 
liver 59 (Table C4). Pentachloronitrobenzene 
did cause an increase in the number of chromo
somal aberrations in CHO cells both with and 
without metabolic activation (Table C5l. 

Study Rationale 

These 2-year studies of pentachloronitrobenzene 
in B6C3F 1 mice were initiated because the pre
vious NCI 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. 
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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 at Midwest Research Insti
tute (Appendix 0). 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 t-his material. 

Pentachloronitrobenzene was determined to be 
stable when stored for 2 weeks at 60° C 
(Appendix D). Pentachloronitrobenzene was 
stored at 0° ± 5° C. Periodic characterization of 

pentachloronitrobenzene by infrared 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 at 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 Fl. 
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 
± 10% of the target concentrations (Table 3; 
Appendix G, Table GI). 

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

Preparation 

MaJ:imum Storage Time 

Storage Conditions 

Thirteen-Week 
Studies 

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-Ke1Jy41 
V-blencler and mixed for 15 min 

2wk 

o• ± S"iinthedarkl 
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Two-Year 
Studies 

Same as 13-wk studies 

2 wk 

Same as 13-wk studies 



TABLE 3. SUMMARY OF RESULTS OF ANALYSIS OF FOR:\tULATED DIETS IN THE TWO-YEAR 
FEED STUDIES OF PE:'IITACHLORONITROBE:"IiZE!'."E 

Concentration of Pentachloronitrobenzene 
in Feed for Target Concentration (ppm) 

2,500 5,000 

\1ean<ppml 
Standard dena tion 
Coefficient of variatiOn (percent> 
Range(ppml 
~umber of samples 

THIRTEEN-WEEK STUDIES 

2,460 
86 
3.5 

2,350-2,610 
14 

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 stud1es. 

Five- to six-week-old male and female B6C3F1 
mice were obtaineci 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 (NCl, 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 

01ets 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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4,980 
160 
3.2 

4,700-5,200 
14 

male control group was removed because it was 
found to be female.) 

Source and Specifications of Animals 

The male and female B6C3Fl (C57BL/6.1\, 
female, x C3H/HeN ~ITv-. 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 facility originated at the 
National Institutes of Health Repository Mice 
shipped for testing were progeny of defined 
microf1ora-associated parents that were trans
ferred from isolators to barrier-maintained 
rooms. Mice were shipped to the study laborato
ry at 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 ~TP Sentinel Animal Program (Appen
dix H). Bacterial cultures were taken for ova
rian abscesses of six animals 

A quality control skin grafting program has 
been in efTect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro
duce the hybrid B6C3F 1 study animal. In mid-
1981, dJtLi v.erc, obtain<>d that shrJwed ::-:com
patJbilit:; hd-.•;ef:n t.J:e '.;[![ C",H retere:~c•: 

colony and the C31 I coiony 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 kn()wn 
genetic loci. 
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T:\HLE ~- EXPERIMENTAL DESIGX A~D MATERIALS A~D METHODS IN THE FEED STUDIES 
OFPENTACHLORONITROBENZENE 

t:XI'ERDIENTAL DESIGN 

Size of Study Groups 

Thirteen-Week 
Studies 

10 males and 10 females 

Two-Year 
Studies 

49 or 50 males and SO females 

noses ~fale--0. 1,250, 2.500, 5,000, I 0,000, or 
~0.000 ppm pentachloronitrobenzene in feed; 
iemale--0. 2.500, 5,000, 10,000, 

0, 2,500, or 5,000 ppm 
pentachloronitrobenzene In feed 

IJate of First Dose 

1l.11e of Last Dose 

Duration of Dosing 

r,·pe and Frequency of 
tll:>sen·ation 

\urop~y and Histologic 
Examination 

~0.000. or 40,000 ppm 
pentachloronitrobenzene in feed 

5/6.80 

S 5. 80-8.-7 ISO 

13 wk 

O~:;erved ~ X d; weighed I X wk 

'-.:e:rops' ar.d histologic examinatiOn 
;:er:'ormed t>n all J.nir.lllls; the following 
t.ssJes examined from control and 
n.,;r. do,;e g:-oups: gro:;s lesiOnS and 
t.ssL.:" masses. mand1bular lymph nodes, 
~a rr.mary gland. skin, salivary gland, 
st2r:1ebrae. thyroid gland, parathyroids, 
srr~aJlmtes:ine, colon, liver. skin, 
prostate•testes or ovaries/uterus, lungs 
ar.d bronchi. heart. esophagus. stomach, 
brain. thymus, trachea. pancreas, 
s~!een. k:dneys, adrenal glands, unnary 
bladder, pitUitary gland, spinal cord 
oi r.eurolog1c signs presentJ, and eyes 
(U grossly abnormal!. 

:\~ntALS A~D ANIMAL MAINTE.'iA.'iCE 

Str:Jin and Species B6C3F, m1ce 

Animal Source Harlan Industries I Indianapolis, IN> 

~;ud) Laboratory E03.:G \fe;;on Research Institute 

\ld~ud of .-\nimal 
'.icr.t:cication 

i't':12 Held Before Study 

\_.;~ Wh;:n Placed on Study :-: •. ·: 

'i e.:ropsy Dates 8/5. e0-8/7180 

::':'::,.l.:hloronitrobenzene, NTP TR 325 20 

6/9/81 

5/31/83 

103 wk 

Same as 13-wk studies except weighed 
1 X wk for 12 wk; monthly thereafter 

Necropsy and histologic examination 
performed on all amrnals; the following 
tissues exam!ned from all control. low dose 
female mice. and htgh dose animal>. and 
all low dose male mice dying early: 
tissue masses. skin, abnormal reg<onal 
lymph nodes, mammary gland, sal! vary 
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 vesicles/prostate/ 
testes or ovaries/uterus, brain, 
pituitary gland, and cecum. In additron, 
gross lesions,livers, and nasal cavities 
examined for all low dose male mice. 

B6C3F1 mice 

Charles River Breeding Laboratories 
I Kingston, NY J 

Same as 13-wk studies 

Ear pt.:nch 

3-9 w;.; 

112-113 wk 

617/83-6/10/83 



TABLE 4. EXPERIME:'o/TAL DESIGN A~O MATERIALS A~D ~ETHODS I:>\ THE FEED STliDlES OF 
OF PEr>;TACHLORONITROBENZENE (Continued\ 

Thirteen-Week 
Studies 

A~IMALS AND ANIMAL MAINTENANCE (Continued) 

Method of Animal 
Distribution 

Feed 

All animals assigned to weight classes; 
animals at extreme ends d1scarded, and 
remaining animals of each sex distributed 
such that the average body weights for 
each group approximately equaL 

NIH 07 Rat and Mouse Rallon tZeigler 
Bros., Gardners. PAl; avadable ad 
libitum 

Bedding Aspen-bed hardwood chips 1 Amencan 
Excels1or Co .. Baltimore, '.101 used when 
available; otherw1se Beta hardwood chips 
IAgway,lnc.,Syracuse. NYI used. 

Water Automatlc watenng systPm 'Edstrom 
[ndustries, Waterford. W!1; avadablP ad 
\ib•tum 

Cages Polycarbonate !Lab Produc:s. Rochelle 
Park. :--<J I 

Cage Filters Nonwoven fiber filter !Snow Filtrat1on. 
Cincinnati. OH 1 

Animals per Cage 5 

Other Chemicals on Study None 
in the Same Room 

Animal Room Temp .. 17"· 30" C, mean 23" C; 
Environment hum .. 54%-80%. mean 76%; 

fluorescent light 1 Z hid; 
10-12 rooma1rchangesih 

Two-Year 
Studies 

Same as 13-wk studies 

Same as 13-wk studtes 

Aspen-bed heat-treated hardwood chips 
I American Excelsior Co. Baltimore. MDI 

Same as lJ-wk studies 

Same as 13-wk studtes 

Same as 13-wk stud1es 

5 

None 

Temp .. 22.9" C I mean I; 
hum .. 41.6% I mean!; 
fluorescent light 12 hid; 
15.2 roomatrchangesih 

The C57BL/6 mice were homogeneous at 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 

Animal Maintenance 

\lale mice from the C3H cohny and fe~alf' :1l!Cr> 

from the C57BL/6 colony were used as parents 
for the hybrid B6C3F 1 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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The animals were housed five per cage. Feed 
and water were available ad libitum. Further 
details of animal maintenance are given in 
TJ.ble 4 

Clinical Examinations and Pathotog)· 

A.ll ammais we:-e observed two time:; 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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II. MATERIALS AND METHODS 

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 
varies and is not necessarily equal to the 
number of animals that were placed on study. 

During necropsy, all organs and tissues were ex
amined for grossly visible lesions. Tissues were 
preserved in 10% neutral buffered formalin, em
bedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. Histopathologic exam
ination of tissues was performed according to the 
''inverse pyramid" design (McConnell, 1983a,b). 
Complete histopathologic examinations !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 an 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 asse:;srnent pathologist 
The quality asses::;ment report and slides 'Nere 
~uhmitted to the P2.thology Working Grr1up 
I PWGl Chairperson, who reviewed all ~arget tis
sues and those about which there was a dis
agreement between the laboratory and quality 
assessment pathologists. 

?entachloronitrobe:lZene, N'TP TR 325 

Representative slides selected by the Chair
person were reviewed by the PWG, which in
cludes the laboratory pathologist, without 
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 et a!. (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 
are combined according to the guidelines of 
McConnell et al. (1986) 

Slides/tissues are generally not evaluated in a 
blind fashion (ie, without knowledge of dose 
group) unless the lesions in question are :::Jbtle 
or unless there is an inconsistent diagnosis of le
sions by the laboratory pathologist. :-.:o:1neo
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
cals, animals, experimental design, survival, 
body weight, and individual pathologic results, 
as recommended by the International Cnion 
Against Cancer (Berenblum, I 969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
survival analyses at the time they were found 
dead of other than natural causes or were found 
to he missir:g. animal~ dnng from r:,_:"J:·.Ji 
causes were not censored Scat.i:-;tical <J.o.c.J'e" 
[r,r a possible dos•:-rela:ed effect on survi>LJ.: -~>:d 
the method of Cox (1972J for testing two grrJups 
for equality and Tarone's ( 1975) life table test for 
a dose-related trend. When significant sun·ival 
differences were detected, additional analyses 



II. MATERIALS AND METHODS 

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 P values for the survival analysis 
are two-sided. 

Calculation of Incidence: The incidence of neo
plastic or nonneoplastic lesions is given as the 
ratio of the number of animals bearing such le
sions at 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 at each point in time at which an 
animal died with a tumor of interest. The de
nominators of these proportions were the total 
numb~ of animals at risk in each group. These 
results, including the data from animals killed 
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at the end of the study, were then combined by 
the ~1antel-Haenszel method to obtain an 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 at necropsy in animals dy
ing of an unrelated cause. According to this ap
proach, the proportions of tumor-bearing ani
mals in dosed and 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 details 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; 
Cart et 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 historical 
control data base <Haseman et al., 1984) are 
included for those tumors appearing to show 
compound-related effects. 
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Ill. 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 than that of the 
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 10110 males at 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, AXD FEED COi"St::\1PTIO!'." OF MICE 1:\f THE 
THIRTEEN-WEEK FEED STUDIES OF PENTACHLORONITROBENZE!'IE 

Mean Body Weights (grams) 
Concentration Survi~·aJ (a) Initial (b) Final Change (c) 

(ppm) 

MALE 

0 10/10 22.8 ± 0.7 29.9 ± 0.9 + 7.1 ± 0.6 
1,250 10/10 22.6 ± 0.4 30.8 ± 0.6 + 8.2 ± 0.5 
2,500 10/10 23.2 ± 0.5 30.2 ± 0.5 + 7.0 ± 0.3 
5,000 10/10 22.5 ± 0.4 30.0 ± 0.5 + 7.5 ± 0.3 

10,000 10/10 22.4 ± 0.6 27.8 ± 0.4 + 5.3 ± 0.6 
20,000 10/10 22.3 ± 0.6 27.5 ± 0.7 + 5.2 ± 0.5 

FEMALE 

0 10/10 18.7 ± 0.3 25.9 ± 0.5 + 7.2 ± 0.4 
2,500 10/10 19.0 ± 0.2 25.9 ± 0.5 + 6.9 ± 0.4 
5,000 10/10 18.8 ± 0.3 24.9 ± 0.3 + 6.1 ± 0.2 

10,000 I 0/10 19.0 ± 0.2 24.7 ± 0.4 + 5.7 ± 0.3 
20,000 10/10 18.8 ± 0.3 24.1 ± 0.3 + 5.3 ± 0.3 
40,000 le> 0/10 18.8 ± 0.3 (I) (I) 

Ia) Number surviving/number in group 
lb> lnit1al mean group body weight ± standard error of the mean 
lcl Mean we1ght change of the group ± standard error of the mean 
idl Grams of feed consumed per ammal per day 
(e) Week of death: all died within the first 2 weeks 
(I) No data are reported due to the 100% mortahty in this group. 
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Final Weight Relative Feed 
to Controls Consumption (d) 
(percent) Week 4 Week 12 

103.0 
101.0 
100.3 
92.6 
92.0 

100.0 
96.1 
95.4 
93.1 

(!') 

4.3 
5.0 
4.6 
4.7 
5.2 
7.3 

4.4 
4.9 
5.3 
7.3 
8.3 
(f) 

5.2 
7.1 
6.1 
7.5 
8.3 
8.6 

4.7 
5.7 
7.8 
8.0 
9.2 
If) 



TABLE 6. ABSOLUTE AND RELATIVE UVER WEIGHTS OF MICE IN THE TP.!RTEE:'-f-WEEK FEED 
STUDIES OF PENTACHLORO:-JITROBENZENE (a) 

Concentration 
(ppm) 

Liver Weight 
(grams) 

MALE 

FEMALE 

0 
1,250 
2,500 
5,000 

10,000 
20,000 

0 
2,500 
5,000 

10,000 
20,000 

Ia) ~fean ± standard deviation 

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

1.74 ± 0.12 
1.67 ± 0.18 

1.31 ± 0.13 
(b) 1.56 ± 0.14 
(C) 1.70 ± 0.23 
(c) 1.73 ± 0.29 

1.51 ± 0.20 

CbJ P <0.05 by Dunnett's test (Qunnett, 1955) 
(cJP<O.Ol byDunnett'stest 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Final mean body weights of low dose and high 
dose male mice were 96% and 90% that 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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Liver WeighU 
Necropsy Body Weight 

Ratio (mg/g) 

52.3 ± 7.08 
58.6 ± 5.09 

Ccl69.2 ± 6.79 
Ccl 70.1 ± 8.08 
(c)63.1 ± 4.37 
CcJ 62.8 ± 6.34 

52.2 ± 4.73 
60.7 ± 5.49 

(c)66.6 ± 8.05 
lcl68.5:! 11.00 
(C) 65.0 ± 7.06 

The data suggest that the dosed groups con
sumed more feed at 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 Il and [2). 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 PENT ACHLORONITROBENZENE 

Weeks 
on Study 

MALE 

0 
1 

s 
6 
7 
8 

!0 
11 

l6 
20 
24 
28 
32 
36 
40 
44 

4S 
s~ 

56 
E: 
04 
;;;, 

76 
80 
84 
lid 
92 
96 

!00 
104 

FEMALE 

0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

!0 
ll 
12 
!6 
20 
24 
28 
32 
Jt) 

48 

"6 
h0 
k4 
88 
n 
36 

!00 
!04 

Control 
Av. Wt. No. of 
(grams} Survivors 

25.2 
28.2 
28.4 
29.8 
30.6 
310 
32.0 
32.1 
33.7 
33.5 
34.8 
34.4 
34.6 
J5.8 
37.3 
38.6 
39 s 
38 0 
41.6 
!.2.7 
~.).3 

43.0 
416 
4'2 ~ 

40 9 
411 
41 8 
.;:.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 
"]9 ~ 

4 ~ " 
t~ 'J 

·I·_ -

;: -' 

4f, 3 
45.~ 
46.2 
48 4 
47 7 
49.8 
49 2 

so 
50 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
46 
46 

4" 4" 
4~ 

4" 

4b 
47 
4E 
4€ 
46 
42 
41 
38 
34 

so 
so 
so 
50 
50 
50 
50 
so 
so 
50 
50 
50 
50 
50 
50 
so 
50 
50 
::o 

..J:i 
.1li 
J7 
33 
32 
31 
30 . 

Av. Wt. 
(grams) 

25.6 
28.6 
28.9 
30.1 
.31.0 
3! 4 
32.3 
.12.4 
33 4 
35 0 
34.6 
33.6 
34.6 
35.8 
37.1 
38.5 
38.8 
38 1 
40.5 
40 9 
4~.3 

41.9 
HS 
4: a 
~; 4 

40 s 
42 8 
41 3 
39.~ 

40.1 
39.9 
38.8 
39.0 
39.0 

18.9 
17.3 
2!.5 
22.4 
23.! 
23.3 
24 2 
24.6 
25.4 
28 4 
26.1 
25 9 
26.3 
28.3 
29 9 
31.7 
3.3 2 
32.5 
35 0 
16 3 
37 6 

·-·-~ ,, 
.:..• 

) 1'. 

41 5 
41.4 
41 4 
41 6 
40 5 
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2,500 ppm 
Wt. (percent 
of controls) 

102 
101 
102 
101 
101 
!01 
:at 
101 

99 
!04 
99 
98 

100 
100 
99 

100 
98 

100 
97 
96 
:)7 

97 
')~ 
97 

100 
:o: 

J'J 
to·.: 
~co 

100 
100 
99 
99 

101 
96 

98 
88 
99 

:oo 
97 
97 
98 
96 
97 

102 
97 
94 
94 
96 
94 
92 
93 
93 
~3 

"' c'l 

9'2 
90 
86 
97 
84 
82 
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:'llo. of 
Survivors 

50 
50 
50 
50 
~(} 

so 
so 
'>O 
.'>0 
:;o 
:;o 
so 
50 
50 
50 
50 
so 
so 
so 
so 
50 

'" ;o 
49 

.;f. 
4b 
.:6 
46 
.:6 
39 
36 
32 
31 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
so 
50 
50 
50 
50 
50 
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Ill. RESULTS 

Survival 

Estimates of the probabilities of survival for 
male and female mice fed diets containing 
pentachloronitrobenzene at the cone en tra tions 
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. 

TABLES. SURVIVAL OF MICE IN THE TWO-YEAR FEED STUDIES OFPENTACHLORONITROBENZENE 

Control 2,500 ppm 5,000 ppm 

MALE (a) 

Animals initially in study 50 50 50 Nonaccidental deaths before termination (bl 14 19 18 Animals missexed 1 0 0 Killed at terminatiOn 34 31 32 Died during termination period 1 0 0 Survival P values (cl 0.401 0.388 0.451 

FEMALE (a) 

Animals initially in study 50 50 50 Nonaccidental deaths before termination 1 b l 20 25 35 Accidentally killed 0 (dl5 0 Killed at termination 30 18 14 Died during termination period 0 2 I Survival P values (cl 0.004 0.261 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 are 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 are summarized in Appen
dix A. Histopathologic findings on neoplasms 
are summarized in Table AI. 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 at least 5% in one of the three 
groups. The statistical analyses used are 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 B 1. Table 82 
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 II (Statistical Methods) 
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and Table B3 (footnotes). Findings on nonneo
plastic lesions are summarized in Table 84. 

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 at 
an increased (P<O.Ol) incidence in high dose fe
male mice (control, 1144, 2%; low dose, 4/47, 9%; 
high dose, 9/45, 20%). 

Liver: Hematopoiesis was observed at increased 
(P < 0.01) 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, 0/49; low dose, 2/50, 4%; high dose, 
0/51)). 

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



IV. DISCUSSION AND CONCLUSIONS 

Study Design 
Survival and Body Weight 

Pathologic Findings 
Mutagenicity 
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Study Design 

Studies of the toxicology and carcinogenicity of pentachloronitrobenzene were conducted in B6C3F 1 mice of each sex because previous pen- . tachloronitrobezene mouse studies (NCI, 1978) had low male mouse survival, incomplete histologic examination of livers from dosed female mice, and small control group size. In the present 2-year studies, pentachloronitrobenzene was administered in feed at concentrations of 0, 2,500, or 5,000 ppm to male and female B6C3Ft 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 at doses up to 20,000 ppm in male mice and up to 40,000 ppm in female mice, weight gain depression was seen at 10,000 ppm and above in males and females and deaths occurred at 40,000 ppm in females. Liver weight to body weight ratios were increased in dosed groups, although 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 at 40;000 ppm; no compound-related histopathologic lesions 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, 31150; 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 bacterial infection. Klebsiella was isolated from five of six ovarian abscesses cultured. Ovarian lesions, primarily associated with Klebsiella, have been seen in other female B6C3Ft mice, and the incidence of this infection reaches a peak in animals 23-26 months of age (Rao et a!., 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 decreased and the deaths were attributed to the combination of chemical administration and infection (final survival: control, 30/50; low dose, 20/50; high dose, 15/50). The mean body weight of high dose female mice was greater than 10% 
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lower than that of the controls after week 20 and by week 104 was 21% lower than that of controls. The mean body weight of low dose female mice was within I 0% 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 sensitivity of the study to determine the presence or absence of a carcinogenic response. 

Pathologic Findings 

Gross and microscopic pathologic findings in female mice were limited to those considered to be secondary to bacterial infection, including hematopoiesis of the liver and spleen, plasma cell hyperplasia of the mediastinal lymph nodes, and ovarian abscesses (control, 12/49; low dose, 22150; high dose, 29/50). The association between the lesions in the liver, spleen, and lymph nodes and the presence of ovarian abscess in the same animal was significant at P::=0.05 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, indicating that pentachloronitrobenzene might predispose the female mouse to infection. 

No compound-related neoplastic lesions were seen in any organ system in either male or female mice. There was no indication of a carcinogenic response in the liver of mice, although it had been previously reported by Innes et al. (1969), who used pentachloronitrobenzene with a suspected hexachlorobenzene contaminant. These results support the findings of the previous NCI studies (NCI, 1978) in which pentachloronitrobenzene, administered in feed to Osborne-Mendel rats and B6C3Ft 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 NCI studies were similar; the timeweighted-average doses for female mice in the NCI studies were somewhat higher (4,093 and 8,187 ppm) than those in these studies, but the female mice were initially started at doses (2,320 and 4,640 ppm} similar to those used in these studies. 



IV. DISCUSSION AND CONCLUSIONS 

Mutagenicity 

The available data suggest that pentachloronitrobenzene 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 in barley 
seedlings after treatment of seeds with 250 or 
500 ppm pentachloronitrobenzene for 1-2 hours. 
However, no dose response was observed. 
Georgopoulos et al. (1976) reported a 3%-7% incidence of sectoring in heterozygous colonies of 
the mold Aspergillus nidulans after treatment 
with pentachloronitrobenzene at concentrations 
of 5, 10, or 17 ).1M, indicating that pentachloronitrobenzene induces somatic segregation in this 
fungal species. However, the relationship be
tween these observations and clastogenicity has not been established. ~TP studies show penta
chloronitrobenzene to be an inducer of chromosomal 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 ofpentachloronitrobenzene. 

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 discrepancies 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 pentachloronitrobenzene. 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 AI. 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 50 50 ANIMALS NECROPSIED 49 50 50 ANIMALS EXAMINED HISTOPATHOLOGICALLY 49 50 50 

INTEGUMENTARY SYSTEM 
•skin (49) <50) <50) Squamous cell carcinoma 1 12%) 
•Subcutaneous tissue (49J (50) <50) Sarcoma, NOS 1 12%) 1 (2%l Fibroma 1 (2%J 3 16%) 1 12%) Fibrosarcoma 6 <I2%J 8 116%J 6 112%) 

RESPIRATORY SYSTEM 
#Lung 149) 114) 150J Carcinoma, NOS, metastatic 

1 12%) Squamous cell carctnoma, metastatic 1 (2%) 
Hepatocellular carcmoma, metastatic 2 (4%J 1 17%) 3 16%) Alveolar/bronchiolar adenoma 9 118%1 3 121%) 5 110%) Alveolar/bronchiolar carctnoma 1 (7%) l 12%J 

HEMATOPOIETIC SYSTEM 
•Multiple organs 149) !50) C50l Malignant lymphoma, undifTer type 4 C8%J 2 (4%) 1 12%) Malignant lymphoma, lymphocytic type 1 12%1 

Malignant lymphoma, mixed type 1 (2%) 1 12%) #Spleen (49) 12ll !49) Malignant lymphoma, undifTer type 1 (2%) 1 (5%) Malignant lymphoma, mixed type 1 (5%) #Bronchial lymph node (45) 125) 149) Alveolar/bronchiolar carcinoma, metastatic 1 12%) #Mediastinal lymph node (45) 125) (491 Squamous cell carcinoma, metastatic 1 (2%J 
#Mesenteric lymph node 145) (25) 149) Malignant lymphoma, undifTer type 

1 12%) #Axillary lymph node (45) 125) 149) Fibrosarcoma, metastatic 1 (4%) #Liver (49) 1501 150) Malignant lymphoma, histiocytic type 2 (4%) 

CIRCULATORY SYSTEM 
•Subcutaneous tissue 149) !50) (50) Hemangioma 1 (2%) #Spleen (49) 121) 149) Hemangiosarcoma, unclear primary or metasta l (2%) 1 15%) #Heart 149) I !OJ 150) Alveolar/bronchiolar caret noma, metastatic 1 (2%) #Liver 149) 150) 1501 Hemangiosarcoma 1 (2%l 1 (2%1 1 12%1 Hemangiosarcoma, unclear pnmary or metasta l (2%l l 12%) 

DIGESTIVE SYSTEM 
#Liver (49) !50) (50) Hepatocellular adenoma ll (22%) 8 (16%) 11 <22%l Hepatocellular carcinoma 8 (16%) 11 (22%) 6 (12%) #Jejunum (48) (10) (47) Adenocarcinoma, NOS 1 (2%) 
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TABLE AI. 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 

ENDOCRI~E SYSTEM 
#Pituitary intermedia 145> (!OJ 147l Adenoma, NOS I ( 2%) #Adrenal medulla 1481 ClOl 149l Pheochromocytoma 1 <2%J 1 ( 2%) #Thyroid 144) ( 11) <46) Follicular cell adenoma 1 <9%l 

Follicular cell carcinoma 1 (9%J 

REPRODUCTIVE SYSTEM 
None 

NERVOUS SYSTEM 
None 

SPECIAL SE:'-ISE ORGANS 
*Hardenan gland 149) <50> ISO> Carcinoma, !'."OS 1 <2%) 2 14%) Adenoma, NOS 1 <2%) 

MUSCULOSKELETAL SYSTEM 
•skeletal muscle (49) <50> <50> Rhabdomyosarcoma 1 <2%) 

BODY CAVITIES 
•Pleura 149> <50> <50) Mesothelioma, malignant 1 <2%l 

ALL OTHER SYSTEMS 
•Multiple organs (49> (50) <50) Carcinoma, NOS, metastatic 1 <2%1 

Fibrosarcoma, metastatic (2%) 
Carcinosarcoma, metastatic 12%) 
Osteosarcoma, metastatic 12%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 50 50 Natural death 7 10 11 Moribund sacrifice 8 9 7 Terminal sacrifice 34 31 32 Animal m1ssexed 1 
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TABLE Al. 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•• 30 34 29 

Total primary tumors 50 48 40 
Total animals with benign tumors 19 15 17 

Total benign tumors 23 16 19 
Total animals with malignant tumors 19 25 17 

Total malignant tumors 25 30 21 
Total animals with secondary tumors## 6 3 5 

Total secondary tumors 7 3 6 
Total animals with tumors uncertain--

primary or metastatic I l 
Total uncertain tumors 2 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 :\tALE .MICE 1:-1" THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE: UNTREATED CONTROL 

WEEKS ON 
STUDY 

tNTE:COMENTARY sYSTEM 
Skin S++ +4- +++ ++++-

X 
... ... ... ... ... Squamous eel! can:1noma 

Subcutaneous ~ssue 
F'1broma S++++++++ ++ + 

X 
... + + + + .. I Fibrosarcoma 

RES!'!RATOR'i SYSTEM 
LunlfS and broncba 

Squamous ceH carctnoma, matastatlc 
Hepatocellular carcJnoma, metastatic Alveolarlbrcnchiolar adenoma 

Trachea 

HEMATO!'oiETIC SYSTEM 
Bone marrow 
Spleen 

Hemangiosarcoma. unclear pnmary or metastat1c Malignant lymphoma. und1ffer type 
L.ympb nodes 

Squamous cell carcinoma, metastatiC 
Thymus 

CIRCULATORY SYSTEM 
Hea~ 

b!Gbtlvt SYSTEM 
SaiJvary gland 
L1ver 

Hepatocellular adenoma 
Hepatocell'.Jlar cantnoma 
Hemanlflosarcoma 
Herr:ang'\os.lrcoma, une:ear pr.rnary or metastat~c B1le duct 

Gallbladcior & comc:on btle duct 
Pancreas 

X X X X X 

S+++++ +++++ ... ... ... ... ... .. X 
X 

X X X X X X S++ ++ ++ ++ + ... ... ..... 
s + + + + + + +- + ++ ++ s + + + + +++ + ++ + ++ ++ X 
s + + + ++ ++++++ +++ s ... 

s ... ... ... 

s 
s 

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

X 

+ + + + 
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X 
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+ + + + + 
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+ + + 
+ ... 
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X 

... ... ... 

+ + + + ... ... ... 
X J( 
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... + ... 
+ N 
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X 

Eso~haji'Us 
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Small1ntest1ne 

s 
s 
s 
s 
s 
s 

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

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

+ + 
+ 

+ 

+ 
+ 

+ ... 
+ + ... 

+ 
... 
+ 
... 
: I Ader.ocarc'.noma, NOS 

Large tntest1ne 

URINARY S?Ste:M 
K•dney 
Unnary bladder 

ENWCRINE SYSTEM 
Pttultary 
Adrenal 

Phaoc h ro mocyto rna 
Thyro•d 
Parathyro1d 

REPRODUCTIVE SYSTEM 
Mammary rland 
Test.ts 
Prostate 

NERVouS sYSTE:M 
Bratn 

SPECIAL S~:.Z'<St ORGAN::. 
Hardenan gland 

Carcinoma, NOS 
Adenoma, NOS 

MtJSCCLOSKEL<. tAl SYSTEM 
Muscle 

RhaOOomyosarcoma 

ALL OTHER SVSn:Ms 
Multi pit organ<. NOS 

Carc1:-t0ma, :-lOS, metastat:c 
Carc110sarcoma. metastatu:
Osteos.arccrr.a, :netastat1c 
Mahgr:.ant :ymphoma, unddTa:- type 
Mahgr:ant ;ymphoma. lymprtocyttc type 

T~ssue examtned mlc:-oscoplcally 
Reqc1red t1~sue not e:zam1ned rr.Jc:-::>scoplcally X: Tumor :r.c:<1ence 

s 
I 

s 
s 

s 
s 
s 
s 

s 
s 
s 
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s 

s 

i s 
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-
... .,. 

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

A! A 
NUMBER 

WEEKS ON 
STUDY 

IN I £GOM£NTARV SYSTEM 
SkiD 

Squamous c:eU c:aranoma 
Subcutaneous t1ssue 

F1broma 
Fibrosarcoma 

Rt::Sl:'!RA TUR 'I' ~ YSTEM 
Lungs and bronchi 

Squamous cell cam noma, metastat'c 
Hepatocellular caret noma. metastatic 
Alveolarlbron.chtolar adenoma 

Tracb.ea 

HtMATOPol£T!C SYSTEM 
Bone marrow 
Spleen 

Heman(losarcoma, unclear pnm or mt 
Malignant lymphoma. undU!er type 

Lymph ~odes 
Squamous call can:'tnoma. metastatu: 

Thymus 

c!RcutAIORV ;:,YSt!!.M 
Heart 

DiC£S11V t S?SttM 
Saltvary giand 
LlVItr 

Hapatocel:uJar ade:toma 
Hepatocellu:ar car-et noma 
Herr.ang'lcsarcoma 
HerT",ang"''osa:-toma.. unc~ea: pnm or me 

Bde Cue~ 
Gallbladder & col":'\ man blle duct 
PancM!aS 

~::~~~r' 
Small intest1ne 

Adenocarcinoma. f'lOS 
Larre \nt.estma 

URINARY SVSI tM 
Kidney 
Unnary blacider 

£NDoCRI!'iE ::.YSrtM 
Pttuttary 
Adrenal 

PhoochrDmoeytoma 
Thyro•d 
Paratbyrc1d 

REPROOCCtfv £ sYStEM 
Mammary giand 
Test1s 
Prostate 

N£RvoCS SYStEM 
Bratn 

SPE:C!AL SENSE ORGANS 
Hardanan gland 

Camnoma, NOS 
Adenoma, NOS 

MUSCOLoSKE:L£TAL SYSTEM 
Muscle 

RhabdomyosaJ"Coma 

AwL atHER SYSTEMS 
Mult1p:o orgar.•. :;os 

Carc1no:na. NOS, metastatic 
Carctno~arcoma, :netastatlc 
Osteosarco n:a, :netastat:c 
~ahgnar.t lymphoma. und\ffer type 
~ahgoant lymphoma, lymphocytiC type 
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TASLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF )tALE MICE: LOW DOSE 
(Continued) 

~~R I i! 11 ~~ ~~ ~I ~~ ~I ~I ~~ ~~ 
0 U1 

~~ ~~ ~I ~I ~~ ~1 ~~ 11 il !I ~I ;I 0 
~I 

0' 

5 1/ 21 4 5/ 91 4, 0 
TO'!' AI..: WEEKS ON 

~I ~~ ~I ~~ ~I ~~ ~I ~I ~~ ~~ ~~ ~! ~, ~~ ~~ ~~ ~~ ~I ~~ ~I ~I ~I ~~ ~I ~ 
TISSUES STUDY 
TUMORS 4 4 4, 4/ 4 4i 4 4 4/ 4 4 4 4 4 41 4 4 t1'lt£COM£!'1tAltY SYStEM 

Su bcutaaeous tlsaue ~ N N N N N N N N N N N + .. .. .. N N N N N N N N '50 San:ocno. NOS 
1 fibroma 

.'{ 
3 F'~broaartoma 

X X X X 8 Hemanfiloma 

1 R£SPI!Uto&V SVSt£M ____ , 

Lungs and. broncb1 .. 
14 HaoatoceHular camnoma. metastatic 

AIVeola:tbroo.chJoia.r ada coma 
Alveolarlbronchlolar cam noma X T:-ac:hea 

11 REMATOPO!ETIC SVStEM 
Bone marTOw + 

16 Spleen .. + .. .. 21 Hemar.ilosa~oma, unclea~nm or met 
1 Ma~Jg:lac.t tymp:O.oma, '.J.ad er type X 
l Ma11g11ant lymphoma. mu:ed ':.ype 
l Ly!llpiJ nodes 

+ + .. + 25 F1bros.a~oma. mataatattc 
1 Thymus 

5 c.RCOtAtORY ~VStEM ____ , 
Heart 

10 Dlc.tSttv£ 5?stEM 
5s!ivary j'lacd 

+ 12 L~·.·er 
+ + + + + + + + 50 Heoa~oceliuiar adenoma X X X X X a i-I.~atocelL.l;Br cart"'. noma X X X X X II HeC,a ng1osartoma 

X I Hemang1os.a:-coma. 'JDcle!lr pn!D or me 
1 ~l!.Ji~OaOt ~yrn.pooma. h~.s.t.:ocytLC type 

.'{ z 81.e duct 
+ + + .. + 50 

1:,aLbledder &: comrr.oc b1ie d~ct N + 
+ + + + ... + '50 Pancreas 

13 £!1<)phB_i".l~ 
-:- 10 Stornacb 

10 s~a.J ICtelt\0.8 

10 Lati'l U'\te6ttce 
10 OR!NA:RY sVStEid 

K•dooy 
+ 13 Unnary b:adder + 

13 ENOociU!'I!: sYSttM ____ , 
?I':.Uttary 

10 Ad~nal 

10 Tbyro•d 
11 t'ollu:ular cell adenoma 

1 Follicular cell camaoa:.a 
X 1 P>rathyrood 

5 !l<.rROOUCt!Vt S'lSl£M 

I :.!om mary ilaod N s N N N N N N N N N N N !'I N N N N N s N N N N N '50 Tast11 

11 P:"'stat.e 

I 
-

7 
N~RVoOS SYStEM 
Bram 

10 Att Cit H!:R SYSlt.MS 
~ · .. ut1ple orrana, NOS N N N N N N N N N N N N N !'I N N N N N N N N N N N ·~o F'lbrosat"C''EIS4, a:.at.aatat1c 
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TABLE A.2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE: HIGH DOSE 
itu'f:#R ~~ ;, ~I !I ~ il !I gj ~~ w !l ~ ~~ ~I ~I !l ~~ ~~ ?l gj gt ~~ ~~ ~I WEEKS ON 

~~~~ID~~;~~~~~~~~~~~~~~~~~~~~~~I~I 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

WEEKS ON 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN :YIALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 
Adjusted Rates Cbl 
Terminal Rates (C) 
Week of First Observation 
Life Table Tests (d> 
Incidental Tumor Tests (dl 
Cochran· Armitage Trend Test (d) 
Fisher Exact Test (d) 

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

Subcutaneous Tissue: Sarcoma or Fibrosarcoma 

Control 

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

6/49(12%) 
14.3% 
1135 (3%) 
88 
P=0.486 
P=0.555N 
P=0.543N 

OveraiJRates(aJ 6/49!12%> Adjusted Rates <bl 14.3% Terminal Rates (c) 1/35 <3%> Week of First Observation 88 Life Table Tests (d) P = 0.378 lnctdental Tumor Tests (d) P = 0.478 Cochran-Armitage Trend Test 1dl P=0.460 Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma, Sarcoma, or Fibrosarcoma OveraiiRates<al 6/4902%> Adjusted Rates (b) 14.3% 
Terminal Rates (cl 1/35 (3%) Week of First Observation 88 
LifeTableTests(dJ P=0.287 Incidental Tumor Tests id) P=0.364 Cochran-Arm1tage Trend Test ldJ P = 0.363 Fisher Exact Test (d) 

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) 

9/49(18%) 
23.0% 
6135(17%) 
89 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (al 9/49 r 18%J AdjustedRates(bJ 23.0% 
Term~nal Rates (cl 6135 117%1 Week oi First Observatwn 89 Ltfe Table Testldl 
Incidental Tumor Test I d) 
Cochran-Arm1tage Trend Test I d) 
Fisher Exact Test (d) 

Pentachloronitrobenzene, NTP TR 325 52 

2,500ppm 

3/50(6%) 
8.4% 
1131 (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% 
5131 (16%) 
71 
P=0.242 
P=0.407 

P=0.303 

12/50<24%) 
30.8% 
6/31 (19%) 
71 
P=O.OSO 
P=O.l53 

P=0.104 

(e)J/14(21%) 

(eJ 4114 129%) 

5,000ppm 

l/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 

7150 (14%) 
18.5% 
3132 (9%) 
87 
P=0.430 
P=0.520 

P=0.516 

8150 (16%) 
21.3% 
4132(13%) 
87 
P=0.325 
P=0.392 

P=0.403 

5150 110%) 
15.6% 
5132(16%) 
104 
P=0.252N 
P=0.226N 

P=0.183N 

6150 (12%> 
17.6% 
5132 (16%) 
85 
P=0.360N 
P=0.315N 

P=0.274N 



TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO·YEAR FEED STUDY OF 

PENT ACHLORONITROBENZENE (Continued) 

Control 2,500ppm 

Hematopoietic System: Malignant Lymphoma, Undifferentiated Type 

Overall Rates (a) 5/49 (10%> CO 3/50 <6%) 

Adjusted Rates<bl 13.3% 8.5% 

Terminal Rates(cl 4/35(11%1 2/31 (6%) 

Week of First Observation 78 89 

LifeTableTests(d) P=O.l93N P=0.408N 

Incidental TumorTesta(dl P=0.145N P=0.323N 

Cochran-Armitage Trend Test(d) P=O.l51N 
Fisher Exact Test (dl P =0.346N 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates<al 6/49(12%) 
Adjusted Rates <bl 16.1% 
Terminal Rates(cl 5/35(14%) 

Week of First Observation 78 
LifeTableTests(dl P=0.260N 
Incidental TumorTesta(d) P=O.l91N 
Cochran-Armitage Trend Test (d) P =0.199N 

Fisher Exact Test <dl 

Liver: Hepatocellular Adenoma 
Overall Rates <aJ 
Adjusted Rates !b) 
Terminal Rates lcl 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa Cdl 
Cochran-Armitage Trend Test(dl 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (al 
Adjusted Rates <bl 
Terminal Rates (c) 

Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests <d) 
Cochran-Armitage Trend Test(d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates <bl 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests <dl 
Cochran-Armitage Trend Teat (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 

17/49(35%) 
42.0% 
12/35 (34%) 
91 
P=0.497 
P=0.419N 
P=0.429N 

<07/50(14'1>) 
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 

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

P=0.323 

18/50(36%1 
46.1% 
11/31 <35%1 
71 
P=0.364 
P=0.563 

P=0.530 

!a 1 Number of tumor-bearing animals/number of animals examined at the site 

5,000ppm 

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 

11150(22%) 
28.9% 
7/32 (22%) 
62 
P=O.SOO 
P=0.590 

P=0.574N 

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

P=0.37lN 

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

P=0.472N 

!bl Kaplan- Meier estimated tumor incidences at the end of the study after adj•.lSting for intercurrent mortality 

(cl Observed tumor incidence at terminal kill 
(d) Beneath the control incidence are the P values associated with the trend test. Beneath the dosed gt"oup 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 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 gt"oup is indicated by (N). 

(e) Not all tissues were examined microscopically 
(f) Not all spleens were eltamined microscopically 
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TABLE A4. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE 

CONTROL LOW DOSE HIGH DOSE 

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

INTEGUMENTARY SYSTEM 
•skin (49) (50J (50) Inflammation, acute necrotizing 4 (8%) 7 <14%) 4 18%) Inflammation, active chronic 1 (2%) 1 (2%) Inflammation, chronic necrotizing 2 (4%) Fibrosis, focal 

(2%) Hyperplasia, basal cell 1 <2%) 
Acanthosis 1 (2%) 

•subcutaneous tissue (49) (50) (50> Edema, NOS 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, acute 1 (2%) 
Abscess, NOS 1 (2%) 2 (4%) Inflammation, active chronic 

3 (6%> Inflammation, chronic 
2 (4%) Fibrosis <2%) (2%) t2%J Necrosis, NOS (2%) 

RESPIRATORY SYSTEM 
•Nasal cavity (49) <50) <50) Inflammation, acute 4 (8%) 2 (4%) Inflammation, active chronic 

1 (2%) Polyp, NOS 
1 (2%) •Nasal mucosa (49) (50) (50) Inflammation, active chronic 

1 <2%) II Lung/bronchiole (49) <14) (50) Hyperplasia, epithelial 2 (4%) 
#Lung (49) (14) (50) Congestion, NOS 2 (4%) 1 (7%) 2 (4%) Edema, NOS 

3 (6%) Hemorrhage 5 (10%) 2 (4%) Inflammation, interstitial (7%) Inflammation, acute 5 (10%) (7%) 4 (8%! Inflammation, active chronic 7 (14%) 9 (18%) Inflammation, chronic 1 (2%) (7%) 3 <6%) Fibrosis, focal 
1 (2%) Hyperplasia, alveolar epitheliwn 15 131%) 1 (7%) 18 !36%) H istiocytoais 7 (14%) 3 (21%) 13 (26%) 

HEMATOPOIETIC SYSTEM 
•Multiple organa (49) <50) <50> Depletion, lymphoid 1 (2%) I <2%) #Bone marrow (49) (16! <48J Hyperplasia, hematopoietic 1 <2%! 1 12%1 #Spleen (49) 121) 1491 Necrosis, NOS 

1 12%1 Infarct, NOS 1 (2%) 
Deplellon, lymphoid 5 110%) 3 114%) J 16%! Angiectasis 1 <2%! 1 12%1 Hyperplasia, lymphoid 3 16%) I (5%) 2 14%1 Hematopoiesis 7 (14%) 9 (43%) 10 (20%) 

Pentachloronitrobenzene, NTP TR 325 54 



TABLE A4. SUMMARY or THE INCIDENCE or NONNEOPLASTIC LESIONS IN MALE MICE IN THE 

TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE <Continued) 

CONTROL LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM <Continued) 

#Mandibular lymph node <45) (25) (49) 

Pigmentation, NOS 
1 (2%) 

Depletion, lymphoid 
1 (2%) 

Hyperplasia, NOS 2 <4%). (4%) 1 (2%) 

Angiectasis 
1 (4%) 

#Bronchial lymph node <45) <25) (49) 

Hemorrhage 
1 (2%) 

#Mediastina! lymph node <45) (25) (49) 

Hyperplasia, NOS 2 (4%) 

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

Inflammation, acute 
1 (4%) 

Depletion, lymphoid 1 <2%) 1 (4%) 

Angiectasis 
2 (4%) 2 (8%) 

#Lumbar lymph node <45) (25) (49) 

Hemorrhage 
1 (2%) 

Inflammation, acute 
1 (2%) 

Necrosis, NOS 
1 (2%) 

Hyperplasia, lympho1d 
1 (4%) 

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

Hemorrhage 
4 (16%) 4 (8%) 

Inflammation, acute (2%> 1 (4%) 

Necrosis, NOS 
1 (4%) 1 (2%) 

Depletion, lymphoid 
(2%) 2 (8%) 3 (6%) 

Hyperplasia, NOS 
1 <4%\ 1 (2%) 

Angiectasis 31 (69%) 16 (64%) 19 (39%) 

#Inguinal lymph node (46) <25) (49) 

Pigmentation, NOS 1 (2%) 

Hyperplasia, NOS 
1 (4%) 3 (6%) 

#Uver 
(49) (50> (50) 

Hematopoiesis 
2 (4%) 

#Peyer's patch 
(48) (10) (47) 

Hyperplasia, lymphoid 2 (4%) 
1 (2%) 

#Thymus 
(35) (5) (29) 

Cyst, NOS 
7 (20%) 1 (20%) 4 (14%) 

Necrosis, NOS 

1 (3%) 

Depletion, lymphoid 2 (6%) 3 <60%) 1 (3%) 

CIRCULATORY SYSTEM 

#Spleen 
(49) (21) (49) 

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

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

Lymphangiectasis 
2 (8%) 

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

Thrombus, organized 
1 (4%) 

#Lung 
(49) (14) (50) 

Periarteritis 
3 (6%) 

1 (2%) 

If. Heart. 
(49) (10) (50) 

Inflammation, chronic focal 
2 (4%) 

Fibrosis, foes! 

2 (4%) 

PeriartentUl 
<2%) 

Degenerauon. NOS 
3 (6%) 

•Aorta 
(49) (50) (50) 

Mineralization 

1 (2%) 

*Central veins/liver 
(49) (50) (50) 

Inflammation, active chronic 2 (4%) 

#Liver 
(49) (50) (50) 

Thrombus, organized 
1 (2%) 
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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 
•Tooth (49) (50> <50) Deformity, NOS 25 (51%) 25 (50%) 31 (62%) Inflammation, NOS 14 <29%) 15 (30%) 25 (50%) Fibrosis 

4 (8%) #Salivary gland (48) (12J (50) Dilatation/ducts 1 (2%) Inflammation. chronic 25 (52%) 4 <33%) 24 (48%) Fibrosis 
I (2%) Atrophy, NOS 2 (4%) #Sa'livary gland capsule (48) (121 <50) Mineralization 

1 12%1 #Parotid gland (48) (12) (50> Mineralization 
1 (8%) #Liver (49) (50) (50) Congestion. NOS 

1 (2%1 Hemorrhage 
1 (2%) Inflammation. active chronic 1 (2%) 2 (4%) 2 (4%) Inflammation. chronic 1 <2%) 2 !4%) Necrosis, coagulative 4 <8%) 9 (18%) 10 (20%) Infarct, NOS 1 <2%> Nuclear alteration 

o') (4%) .. Basophilic cyto change 
(2%) Eosinophilic cyto change 1 (2%) Clear cell change 2 (4%) 
(2%) Angiectasis 

2 (4%) # Liver/Kupffer cell (49) (50) (50) Hyperplasia, NOS 2 (4%) # Liverlhepa tocytes (49) (50) <50) Nuclear alteration 
2 (4%) •Gallbladder (49) (50) (50) Hyperplasia, epithelial 

1 (2%> #Pancreas (49) (13) (49) Dilatation/ducts 1 !2%) Inflammation, chronic 3 (6%) 2 (15%) Cytoplasmic change, NOS 1 (2%) 
(2%1 Atrophy, NOS 3 (6%) 2 (15%) #Stomach (49) (10) (47) Mineralization 1 (2%) Dilatation/ducts 

1 (2%) Cyst, NOS 
2 (4%) Inflammation, active chronic 4 (8%) 
1 (2%> Necrosis, coagulative 
1 (2%) Hyperkeratosis 2 (4%) Acanthosis 

2 (4%) #Forestomach (49) (10) (47) Ulcer. acute 1 (2%) Inflammation, acute focal 
1 (2%) Inflammation, active chronic 
1 <2%) Atrophy ,focal 
1 !2%) Hyperkeratosis 
1 (2%) Acanthosis 
2 (4%) # Peyer's patcb <48) (10) (47) Inflammation. active chronic 1 !2%) #Duodenum (48) (10) (47) Congestion, NOS 
1 (2%) #Jejunum (48) (10) (47) Abscess, NOS 1 (2%) Inilammation, active chronic 1 <2%) 
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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 (Continued> 
#Cecwn (48) (10) (48) 

Necrosis, focal 1 (2%) 
•Rectum (49) (50) (50) 

Inflammation, acute focal 1 (2%) 
Metaplasia, squamous 1 (2%) 

URINARY SYSTEM 
•urethral lumen (49) (50) <50) 

Inflammation, acute 1 <2%1 
#Kidney (49) (13) (49) 

Cyst, NOS 1 (2%) 
Glomerulonephritis, NOS 3 <6%) 2 <15%) 
Pyelonephritis, acute 1 (2%1 
Inflammation. active chronic 1 <2%) 
Pyelonephritis, acute/chronic 1 (2%) 
Inflammation, chronic 31 (63%1 4 <31%) 38 (78%) 
Nephropathy 1 <8%1 2 (4%) 
Infection. bacterial 1 (2%) 
Glomerulosclerosis, NOS 3 (6%) (2%) 
Infarct, healed (2%) 
~etaplasia, OSiieous 2 (4%) 

#Renal papilla (49) (13) (49) 
Necrosis, coagulative 1 (2%) 1 (2%) 

#Kidney/tubule (49! (131 (49) 
Mineralization 2 (4%) 2 (4%) 
Inflammation, acute focal 1 (2%) 
Necrosis, focal 1 (2%) 
Regeneration, NOS 23 (47%) 21 (43%) 

#Kidney/pelvis (49) (13) (49) 
Inflammation, acute 1 (2%) 
Inflammation. chronic 2 (15%) 

#Urinary bladder (48) (13) <50) 
Calculus, gross observation only 3 <23%) 1 (2%) 
Calculus, microscopic examination 1 (2%) 1 (8%1 4 <8%) 
Inflammation, active chronic 1 (2%) 2 <4%) 
Inflammation, chronic 19 (40%) 6 <46%) 21 (42%) 
Fibrosis 1 (8%) 

#Perivesical tissue (48) (13) (50) 
Abscess, NOS 1 <8%l 

ENDOCRINE SYSTEM 
#Anterior pituitary (45) (10) (47) 

Cyst, NOS 7 (16%) 4 (9%) 
Congestion, NOS 1 <10%) 
Hyperplasia, NOS 7 (16%) 1 (10%> 11 (23%l 
Angiectasis 1 <2%1 

#Adrenal (48! (10) (491 
Angiectasis 1 <2%1 I <2%1 

I Adrenal cortex C48l (10) (49) 
Hyperplasia, NOS 3 <6%) 1 <2%1 

#Adrenal medulla (481 (!0) l49l 
Hyperplasia. focal 1 <2%) 

#Thyroid C44l <Ill (46! 
Inflammation, chronic focal I (2%) 
Hyperplasia, follicular cell I <2%) I (2%) 

#Parathyroid <221 (5) (321 
Cyst, NOS 1 <5%) 1 (3%1 

#Pancreatic islets <49! (131 (49! 
Hyperplasia, NOS 1 (2%1 
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TABLE A4. SUMMARY OF THE INCIDENCE OJF NONNEOPLASTIC LESIONS IN MALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE(Continued) 

CONTROL LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
*Preputial gland 149) (50) (50> Mineralization 1 12%) Dilatation/ducts 3 (6%) 

(2%J Cyst, NOS 
1 (2'.1>) (2%J Hemorrhage 
1 (2'.1>) Inflammation, acute 

.12%) Inflammation, acute necrotizing 2 (4%) Abscesa, NOS 1 (2%) 4 (8%) 4 (8%) Inflammation, active chronic 19 (39%) 3 16%) 9 (18%) Inflammation, chronic 2 (4%) 6 (12%) 5 (10%) Fibrosis 1 (2%) Atrophy, NOS 1 12%) #Prostate 147) (7) 149) Inflammation, acute 
3 16%) Abscesa, NOS 
1 (2%) Inflammation, active chronic 1 (2%) 
3 (6%) Inflammation, chronic 9 (19%) 4 18%) Fibrosi!l, focal 1 (2%) 

Hyperplasia, epithelial 1 (2%} •Seminal vesicle 149} <SOl (50) Hemorrhage 
1 12%) Inflammation, acute 

2 (4%) #Testis (47) (11) (50> Hemorrhage 1 (2%) Atrophy, NOS 5 Ill%} 4 (36%) 6 (12%> #Testis/tubule 147) (11) (50) Mineralization 5 Ill%) 2 (4%) #Spermatogonia (47) (11) (50) Cytomegaly 
1 (2%) •Epididymis (49) (50) (50) Hemorrhage 1 (2%) Inflammation, acute 1 (2%) Inflammation, chronic 

.12%) Inflammation, chronic focal 1 (2%) 

NERVOUS SYSTEM 
#Brain/meninges (49) (10) (50) Inflammation, chronic 

I 12%) #Brain (49) (10) (50) Mineralization 
1 (2%) Inflammation, chronic focal 
1 (2%> Malacia 
I 12%> # Brainlthalamua (49) {10) (50) Mineralization 32 (65%) 2 (20%} 29 (58%) 

SPECIAL SENSE ORGANS 
•Eye/cornea 149) 150) (50) Inflammation, active chronic 

1 12%) Necrosis, coagulative 
1 (2%) •Nasolacrimal duct (49) <50) 1501 Inflammation, acute I (2%) 3 (6%) 1 (2%l Inflammation, active chronic 
2 14%) Inflammation, chronic (2%) 3 (6%) 

--
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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) 

MUSCULOSKELETAL SYSTEM 
•Muilla 

Osteoarthritis 
•sternum 

Hyperostosis 
•Carpometacarpal joint 

Ankylosis 
•Tarsal joint 

Ankylosis 
Osteoarthritis 

BODY CAVITIES 
•Thorax 

Hemothorax 
•Peritoneal cavity 

Hemoperitoneum 

ALL OTHER SYSTEMS 
•Multiple organs 

Inflammation. active chronic 
Inflammation, chronic 

Omentum 
Mineralization 
Necrosis, coagulative 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Animal misaexedlno necropsy 

CONTROL 

(49) 
1 (2%) 

(49) 

(49) 
1 <2%) 

(49) 
36 (73%1 
36 (73%) 

(49) 

(49) 
1 (2%) 

(49) 

8 (16%) 

LOW DOSE HIGH DOSE 

(50) <50) 

(50) (50) 
1 (2%1 

(50) (50) 

(50) (50) 
38 (76%) 37 (74%) 
37 (74%) 35 (70%) 

(50) (50) 
1 (2%) 

(50) (501 
3 (6%) 2 (4%) 

(50) (50) 
1 (2%) 

(2%) 2 (4%) 

2 

• Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically at this site 
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TABLE 81. 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 50 50 
ANIMALS NECROPSIED 50 50 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
•SubcutaneoustUmue (50) (50) C50) 

Fibrosarcoma 1 C2%l 

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 (2'l!) 

HEMATOPOIETIC SYSTEM 
•M ulti pie organs (50) (50) (50> 

Malignant lymphoma, NOS 1 (2%) 
Malignant lymphoma, undiffer type 4 (8%) 3 (6%) 2 (4%) 
Malignant lymphoma, lymphocytic type 1 <2%) 
Malignant lymphoma, histiocytic type (2%) 1 (2%) 
Malignant lymphoma, mixed type 2 <4%) 2 (4%) 
Lymphocytic leukemia 1 (2%) 

#Spleen (50) (48) (50) 
Malignant lymphoma, undi.ffer type 2 (4'l!) 1 (2%) 

#Mesenteric lymph node (44) (47) (45) 
Malignant lymphoma, miJ:ed type 1 (2'l!) 

#Kidney (50) (50) (50) 
Malignant lymphoma, undiffer type 1 (2'l!) 

#Thymus (25) (30) (23) 
Malignant lymphoma, lymphocytic type 1 (4%) 

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

Hemangiosarcoma, metastatic 1 (2'l!) 
#Heart (50) (49) (49) 

Hemangiosarcoma 1 (2%) 
#Urinary bladder (48) (46) (47) 

Hemangioma 1 (2'l!) 
#Uterus (50) (49) (49) 

Hemangioma 1 (2%) 

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

Hepatocellular adenoma 2 (4%) 3 (6%) 4 (8%> 
Hepatocellular carcinoma l <2%) l (2%) 

#Forestomach <50) 1SOl (50) 
Squamous cell papilloma <2%) ·~ 14%) 4 

URINARY SYSTEM 
None 
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TABLE iBU. SUOOJWA~Y 01:1' THE INCIDENCE OF NEOPLASMS IN FEMALE MICE ~N THE TWO- YEAR l?EED STUDY OF PENT ACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary (36) (43) (36l Adenoma, NOS 9 (25%) 7 (16%) 6 (17%) #Adrenal medulla (48) (50) (49) Pheochromocytoma 

1 (2%) #Thyroid (48) (47) (48) Follicular cell adenoma 
1 (2%) 

REPRODUCTIVE SYSTEM 
•Mammary gland (50) (50) (50) Adenocarcinoma, NOS 1 (2%) 1 (2%) #Uterus (50) (49) (49) Adenocarcinoma, NOS 1 (2%l 

Leiomyoma 1 (2%) Endometrial stromal polyp 1 (2%) 1 (2%) #Ovary (49) (SOl (50) Papillary adenoma 1 (2%) 
Cystadenoma, NOS (2%) (2%) Granulosa cell tumor (2%) Teratoma, NOS (2%) (2%) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
•Harderian gland (50) (50) (50) Adenoma, NOS 3 (6%) 

Adenocarcinoma, NOS 
(2%) 

MUSCULOSKELETAL SYSTEM 
•Pelvic bones (50) (50) (50) Osteosarcoma 1 (2%) 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
•Multiple organs (501 (50) (50) Adenocarcinoma, NOS, metastatic 1 (2%) 

Mesotheliom&, metastatic 1 (2%) 

ANIMAL D!SPOSJTION SUMMARY 
Animals initially in stw:!y 50 50 50 Natural death 16 21 30 Moribund sacrifice ~ 6 6 Terminal aacrifiC3 30 18 14 Accidentally itilled, ncia 5 
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TABLE 81. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE <Continued) 

TUMOR SUMMARY 
Total animals with primary tumors•• 

Total primary tumors 
Total animals with benign tumors 

Total benign tumors 
Total animals with malignant tumors 

Total malignant tumors 
Total animals with secondary tumors## 

Total secondary tumors 
Total animals with tumors uncertain-

benign or malignant 
Total uncertain tumors 

CONTROL 

26 
33 
16 
18 
15 
15 
2 
2 

LOW DOSE 

24 
32 
17 
19 
11 
11 
3 
3 

2 
2 

HIGH DOSE 

21 
29 
14 
19 
9 
9 
1 
1 

• Number of animals receiving complete necropsy euminations; all gross lesions including masses examined microscopically. •• Primary tumors: all tumors except secondary tumors 
I Number of animals examined microscopically at this site 
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE: UNTREATED CONTROL 

WEEKS ON 
STUDY 

INTEoOMENtARf SYStEM 
Subcutaaeoua t1uue 

Fibroaareoma 

RESPIRATORY sYSTEM 
Lua11 aad broachi 

AJvoolarlbroachiolar adeaoma 
AJveoierlbroacbiolar camaoma 

Tracboa 

RtMAtOPOIEt!c S?St£M 
Boao man"Ow 
Splon 

Mali1111aat lymphoma, oadlifor typo 
ft"'Ph 11oclu 

u.'\';';,aat lyrcphoma, lymphocytic typa 

CmtOCXtOkf SVST£M 
!hart 

b!0£5T!V£ SI!ITtM 
Sahvary rlaod 
l.lvor 

Ropatoctollu lar adtoolll.l 
Ropatoctollular camaoma 

81lo duct 
Oallbladdor & comrcoll bilo dnct 
Pucrw•• 
Esopharua 
StoliiACh 

5Qaamouo coil pap•lloau 
Small•lltast•no 
Lal'f'II.Dteltlal 

OIUNXRV S'i'Si E!'d 
Kid.ooy 

Mahrnaat lymphorc.a. aadiJfor typo 
Unaary bladder 

lioiii.IIDII'OIIUI 

tNOOCRINt Ststt&l 
Pituitary 

A.doaoma, NOS 
A.droul 
Tbyro•d 
Parathyroid 

Rtl'kOOucttv£ St!ITEM 
Mammary rlaad 
UlAN I 

Ad•.aoeamnoma, NOS 
Ovary 

Pap1llary ado~oma 

NERvOuS SY!IT£M 
Brai~ 

SPECIAL SENSE okaANS 
){ardoriaa rla~d 

Adodoma,NOS 

ALL OJ RER SYS'l'EiiiiS 
!lhlLiplo orp.ao, NOS 

A.doaocamnoma, NOS. motut.obc 
M.eKJthelioma, m.etaatatu: 
MallrnaaL lymphoma, oadlifor type 
Mall.,..at lymphoma. hlalocyt~.c type 
Lyrcpb.ocyt1e loukeaua 

T111•u• ouauud ~c:ally 
Req,urod tluuo- o10.11U.Dod aueroocop1cally 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: UNTREATED CO:'o/TROL 
(Continued) 

NUMBER 

WEEKS ON 
STUDY 

!!'lttGUMENTARY S'ISTEM 
Subcutaneoua t1.saue 

f1btcsal"Coma 

RESPIRAToRY SYSTE!>f 
l.unp and br'Ooeh1 

Alveolarlbroactuolar adenoma 
Alveolarlbronduolar carT1aor11a 

Tracb.ea 

FIEMATOPOIET!C SYSt£:\l 
Bone marroc 
Spleen 

Ma11gnaat lymphoma. :.ndtffer type 
l.ymph nodea 
Thymus 

Malignant lympboma. lympbe<:yt1c typo 

C!RCOtXtORY SYStEM 
Heart 

DI<.it;:>TIVt; SYSTEM 
San vary gland 
Llv&r 

Hape.tocel\ular adeno!T'.a 
Hepatocellular camno:na 

Bole duct 
Gailbladder & common Otal duct 
Pancrta& 
Esopbal"'s 
Stomacn 

Sq·.1acnous cell pap1lloma 
SmaH :ntestla• 
Larwe 1at.esttne 

URINARY SYSTEM 
K1daey 

Mahruant ~ympl1om.a. ~W.ncht!er type 
U n nary bladder 

Hemaa11oma 

ENDOCRINE: SYStEM 
PitUitary 

Adenoma, NOS 
Adrenal 
Thyr'01d 
Paratbyr'Oid 

REPRODOCnVE SYSTEM 
Mammary gland 
U~OMll 

Adenocamnoma. NOS 
Ovary 

Pap\llary ada noma 

NERVoUS SYStEM 
Bra1n 

SPECIAL S:.NSE oRCANs 
Hardonen gland 

Ado noma, NOS 

ALL <TtRER S'ISnMs 
Mult1plo orrana, NOS 

Adeaocamnoraa, NOS. metastattc 
Mes.otb.altoma. rnet.ast.at.1c 
Mahgnant lymphoma. und1fl'or type 
~ahgnant lytnp:Ooma. !nmocyttc type 
Lymp:O.ocyt~c leu.kea11a 
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TABLE 82. INDIVIDUAL A!II"IMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE: LOW DOSE 

WEEKS ON 
STUDY 

R£SPtRX'toRY 5Ys't£M 
l..uniJs oad bro~ch1 

HepatocailuJar cam coma, mat.astatu:: 
AJveolarlbronc!'uolar adenoma 
Hem.ang"'osarcoma. matastatte 
Osteosal't'Oma, ~etastat1c 

Trachea 

RE:MAToPbl£TIC SYSTEM 

X 
+ 

.. + 

X 

+ + + + 

+ .. + + 

Bone marrow 
Splaeo 
l..ympb nodes 

Mahrnant !yrr.phoma. a:u~ed type 
Thymus 

+ 

+ 
+ .. 

+ 
+ 
+ + 

.. .. .. .. 

.. + 

+ 
+ 
+ 

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

.. 
+ .. 

+ 
+ 
+ 

.. 
+ 
+ 

+ + 
+ 

+ .. I 
c!Rct LATORY ~ YsTEM 
Heart 

H emaog\osarcon:a 

o!CEST!VE SYSi !'.M 
Se.i1vary glacd 
L1var 

Hepatocadular adenoma 
Hepatocellular camaoma 

Bdo duct 
Gallbladder a: common bile duct 
?an.cnta• 

~t~:~~r· 
Squamous cell papilloma 

SmalllctostlOI 
Larp 1 austtne 

URINARY SVST£M 
K:dnay 
U:"lnary bladder 

tNCOC!UNE ~i'STEM 
P1tc1tary 

Ado noma. NOS 
Ad,nal 
Thyro1d 
Para thy rood 

REPRobOcnVE SVSTE:M 
Mamm•ry gland 

Adeaocarnnoma. NOS 
Uterns 

Le1omyorna 
Endometnal s<:.romaJ potyp 

Ovary 
Cystadenoma. NOS 
Gran"l.llos.a call tl;mor 
Teratoma, NOS 

N£RvOOS SYSTEM 
Bra1n 

MVSCC LOSK£LETAL SYSTEM 
Bono 

Osteosa n:o:na 

ALL CTI H£R SYSTEMS 
Multlplo organs. NOS 

Mahruant lym~booa. uadlfi"ortype 
Maiipact lympooma .. ympilocyt1c typo 
Mahpant lymplloma, miXed type 

+ 

+ + 

+ .. 
+ 

1'1 + .. .. 
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+ .. 
1'1 N 

+ + 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

RESPIRATORY StsuM 
Lun~ an.d bronch1 

Hepatocellular camnoma, metaatatlc 
A.Jveolarlbroncl:uolar adenoma 
Hemang1osarcorr..a, metastatic 
Osteosarcoma. metastat1.c 

Tr3d::.ea 

RESUToPO!t:TIC SVStt:.st 
Bone marrow 
Spleen 
Lyc~h nodes 

!'>lai:gnant lymphoma, muad typo 
Thy ::a us 

CIRCOLXTO!t? SYSTEM 
Heart 

Hemanr.osan::oma 

:J!Ce.sT!V£ S?STEM 
Salivary 1Jlanrl 
L1ver 

Hepatocellular adenoma 
Hepatoeellular cam noma 

Blieci...:tt 
Gol.b,adrlor & common bile duct 
Par.c,..aa 
Esopnalf'!S 
S:.omaca 

&:r.1amous ceH papuloma 
Small ~ntesttoe 
Larie 1ntestto.e 

uR:SARY SYSTEM 
K1dney 
Unnary bladder 

EN:JOC!UN£ SYSi EM 
Pttuat.ary 

A.doaoma, NOS 
Adrnai 
Thyro1d 
Paratbynlld 

REPROOOC MVE SYSTEM 
Ma:nmary aland 

Adenocan:u1om.a. NOS 
UtoNs 

l.e1om.yoroa 
Endometnal stromal poiyp 

Ovary 
Cystadenoma. 1'/0S 
G~oulou cell t\lmor 
Tont.Qma, NOS 

NERVOUS SYST£M 
Bra to 

MCSCUCOSRELETAL SYSTEM 
Bono 

Osteos.an:oma 

ALL OTHER SYSTEMS 
M"lt1pla O"fBilO, 1'/0S 

Mahrnant lymphoma. uad:ffor type 
Mal1pant lymphoma, Jympbocyttc type 
Mailf<~&Dt lymphoma, muod type 

• AcL:aai3 necropsutd 
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TABLE 82. INDIVIDUAL ANIMAL TU!\!OR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE: HIGH DOSE 
NUMBER 

WEEKS ON 
STUDY 

RESP!!UtORY S\'S 1 EM 
LUnifS and bronthl 

Adenoc.an:1c.oma. NOS, metastatiC' 
Alveolar,brnncbtoiar adenoma 

Trachea 

REMA,oPO!EiiC SYStEM 
Bone marrow 
Spleen 

Mahgnar.t lymphoma, und1ffer typa 
Lymph r.odos 
Thymua 

CIRCULATORY SYSTEM 
Heart 

O!C£STIV£ SYSTEM 
Sahvary 11land 
[..ivar 

Hep1tocellular adenoma 
Blle duc:t 
Gallbladder & com.,on btlo duct 
Pancreas 

.. .. 

+ 
... 

.. 

.. 
... .. 

N .. 

+ + 

.. 
+ .. .. + 

+ 

.. + .. .. .. 
... + 
N N 
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... 
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+ ... .. + 

.. ... ... ... .. N + .. .. 
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... 
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+ .. 

.. 
.. .. .. 

+ + .. • 
+ N + 

+ 

+ .. 

+ .. 
+ 

:-1 N Esoph•!l"• 
Stomaco ... 

+ 
.. .. .. : I 

I 
Sn::~alllC~asunt 
Larg'l 1ntast1n• 

CR!NAR\ SYStEM 
Ktdoey 
Un114ry bladder 

ENOoc!IDit S?Si'J:.M 
PttUttary 

Ado noma. :-lOS 
Adrenai 
Pheoci~romocytorDa 

T~yrotd 
Folhcular cell .. denom• 

Paratbyrntd 

REPRObOCt!vt StSTtM 
Mammary rland 

Ada11oeemnoma, NOS 
Uterus 

Endometnal stn)!nll polyp 
Hem.ani'Onl& 

Ovary 
Cystadenoma, NOS 
Teratoma, NOS 

NERVouS stSTEM 
Bra.1c. 

SPECIAL SENSE ORGANS 
Hai'Uonao glaod 

Adoooeamooma, NOS 

ALL <YtRER SYST£MS 
Multtplo organa, NOS 

!l!alignar.t lymphoma, NOS 
Mahgnont lymphoma. undU!ortype 
Mahruot lymphoma, hlltJocytJt type 
Malirnaot lymphoma. mtzad type 

• 
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TABLE 82. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

WEEKS ON 
STUDY 

RESPIRATORY SYStt!ll 
[.uap aod broocbi 

Adoncx:amaoma. NOS, motaatat1c 
Alveotarlbro.a..:h1olar adenoma 

1'ra~:hea 

R£MXTOPOI£TIC SYST£M 
BoDe marrow 
Splooa 

Mahrnaot lympboa>a, uad1fl'or type 
t.ympll nod01 
Thymus 

CIHCut:ATOHf S?ST£M 
Heart. 

O!G£Stiv£ SYSt£5! 
Soh vary tlaa.cl 
Llver 

Hopatcx:olluiar adoooma 
Bile duct. 
Gallbladder & commoo bile duc:t 
Pancraaa 

~:~~~r" 
Small icteattae 
L.a.rgw antest.tc.e 

ORINX!tf SYSTEM 
K1dooy 
Unoary bladder 

£NCOCRIN£ SYSi£!4 
P,tuttary 

Ado noma, NOS 
Adrenal 

Phacx:bro moeytoiDo 
Thyro~<l 

F'oliiC:ular coli ada noma 
Parathyroid 

R£PHOOOCT!VE S?St£:M 
Mammary tlaod 

Adanocamlloma. NOS 
Utel"'\11 

Enc:iomotnal sti'Ornal polyp 
HtmaaCioma 

Ovary 
Cystadenoma, NOS 
Teratoma, NOS 

N£HvOOS S?st£M 
Bran~ 

SP£ctAL SENSE ORCANS 
Harclanao tlaad 

Adtllocamlloma, NOS 

ALL OtHER SYSTEMS 
Mult>plo orpoo. NOS 

Maliraaot lymphoma. NOS 
Malignaat lymphoma, uodUJ'or type 
Maiiraaat lyrnpboma. hlltll><:ytic type 
MahC~~Ailt lymphoma. mLilod typo 

• Anu:a.ats necropaled 
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TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE 

Lung: Alveolar!Broncbiolar Adenoma Overall Rates (a> 
Adjusted Rates lbl 
Terminal Rates (cJ 
Week of First Observation 
Life Table Tests !d) 
Incidental Tumor Tests <d I 
Cochran-Armitage Trend Test !d) 
Fisher Exact Test (d) 

Control 

1150 (2%) 
3.3% 
1/30<3%) 
104 
P=0.045 
P=0.137 
P=0.140 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma OverallRates(a) 3/50!6%1 Adjusted Rates< b l 9.1% Terminal Rates (c) 2/30 17%) Week of First Observation 87 LifeTableTests!dl P=O.l80 Incidental Tumor Tests (dl P=0.410 Cochran-Armitage Trend Test !dl P=0.413 Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma. Undifferentiated Type Overall Rates (a) 7/50 ( 14%> Adjusted Rates (b) 23.3% Terminal Rates (cl 7/30 <23%) Week of First Observation 104 Life Table Tests <d) P=0.391N Incidental Tumor Tests (dl P=0.231N Cochran-Armitage Trend Test!dl P=0.107N Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma. Mixed Type Overall Rates (a) 0150 (0%) Adjusted Rates !bl 0.0% Terminal Rates (c) 0/30 (0%) Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests !dl 
Cochran-Armitage Trend Test(dl 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma. All MaJignant 

P=0.082 
P=O.l60 
P=0.202 

Overall Rates (a) 9/50 (18%) Adjusted Rates (b) 30.0% Terminal Rates (c) 9/30 (30%1 WeeltofFirstObservation 104 LifeTableTesta(dl P=0.289 Incidental Tumor Teats (d) P=\J.532 Cochran-Armitage Trend Test(d) P=0.339N Fisher Exact Test (d) 

Hematopoietic System: Lymphoma or Leukemia Overall Rates Ia) 
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) 

Pentachloronitrobenzene, NTP TR 325 

10/50120%1 
32.2% 
9/30 (30%) 
97 
P=0.378 
P=0.439N 
P=0.248N 

72 

2,500ppm 5,000ppm 

4/50(8%1 4/49(8%1 
15.6% 19.5% 
2120(10%1 l/15 (7%1 
77 88 
P=O.l04 P=0.060 
P=O.l78 · P=0.191 

P=O.l81 P=0.175 

4/50(8%1 4/4918%1 
15.6% 19.5% 
2/20(10%1 1115 (7%) 
77 88 
P=0.349 P=0.235 
P=0.480 P=0.511 

P=0.500 P=0.489 

3/50(6%1 3/50(6%) 
13.5% 15.9% 
2/20!10%) 1115 (7%) 
95 95 
P=0.351N P=0.517N 
P=0.295N P=0.339N 

P=O.I59N P=O.I59N 

3/50(6%) 2/50(4%) 
13.5% 11.6% 
2/20(10%1 l/15 (7%) 
95 99 
P=0.070 P=O.l22 
P=O.l07 P=0.239 

P=O.l21 P=0.247 

7/50(14%) 7/50 (14%) 
30.8% 29.3% 
5/20(25%) 2/15113%1 
95 49 
P=0.499 P=0.345 
P=0.601 P=0.601 

P=0.393N P=0.393N 

7/50(14%) 7/50114%) 
30.8% 29.3% 
5120 (25%) 2/15(13%) 
95 49 
P=0.587 P=0.431 
P=0.477N P=0.469N 

P=0.298N P=0.298N 



TABLE 83. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

Control 2,500ppm S.OOOppm 

Liver. Hepatocellular Adenoma 
Overall Rates(a) 2/50(4%) 3/50(6%) 4150 (8%) Adjusted Rates (b) 6.7% 13.5% 24.7% Terminal Rates (cl 2/30(7%) 2120 (10%) 3/15(20%) Week of First Observation 104 95 102 Life Table Tests (d) P=0.069 P=0.337 P=0.092 Incidental Tumor Tests (d) P=O.l24 P=0.413 P=0.152 Cochran-Armitage Trend Test (d) P=0.264 
Fisher Euct Test <dl P=0.500 P=0.339 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 3/50(6%) 4150(8%) 4150(8%) Adjusted Rates(bl 10.0% 18.3% 24.7% Terminal Rates (c) 3/30(10%) 3120 (15%) 3/15(20%) Week of Firat Observation 104 95 102 Life Table Testa (d) P=O.l24 P=0.300 P=0.167 Incidental Tumor Tests (d) P=0.200 P=O.J62 P=0.249 Cothran-Armitage Trend Test(d) P=0.424 
Fisher Exact Test Cdl P=0.500 P=O.SOO 

Pituitary Gland: Adenoma 
Overall Rates (a) 9/36 (25%) 7/43 (16%) 6/36 (17%) Adjusted Rates <bl 35.5% 31.2% 45.3% Tenninal Rates (c) 8124 C33%J 5120 (25%) 5/12<42%) Week of First Observation 102 95 103 Life Table Testa (d) P=0.367 P=0.578N P=0.381 Incidental Tumor Testa (d) P=O.SJ6N P=0.270N P=0.617 Cothran-Armitage Trend Test (d) P=0.227N 
Fisher Exact Test (dl P=0.248N P=0.281N 

Harderian Gland: Adenoma 
Overall Rates (a) 3/5016%) 0/50(0%) 0/50(0%) Adjusted Rates (b) 10.0% 0.0% 0.0% Terminal Rates (cl 3/30 (10%) 0120(0%) 0/15 (0%) Week of First Observation 104 
Life Table Tests (d) P=0.092N P=0.200N P=0.265N Incidental Tumor Testa (d) P=0.092N P=0.200N P=0.265N Cothran-Armitage Trend Test(d) P=0.037N 
Fisher Euct Test <d> P=O.l21N P=O.l21N 

Harderian Gland: Adenoma or Adenocarcinoma 
Overall Rates(al 3/50(6%) 0150 (0%) 1/50(2%) Adjusted Rates (b) 10.0% 0.0% 3.7% Terminal Rates (c) 3/30(10%) 0/20(0%) 0/15 (0%) Week of First Observation 104 87 Life Table Testa (d) P=0.330N P=0.200N P=0.536N Incidental Tumor Teats (d) P=0.276N P=0.200N P=0.457N Cothran-Armitage Trend Test (d) P=O.l76N 
Fisher Euct Test (d) P==O.l21N P=0.309N 

(a) Number of tumor-bearing aoimalalnumber of animals exammed at the site (b) Kaplan-Meier estimated tumor incidences at the end of the 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 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 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE :\tiCE IN THE TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE 

CONTROL LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 ANIMALS NECROPSIED 50 50 50 ANIMALS EXArrfiNED HISTOPATHOLOGICALLY 50 50 50 

INTEGUMENTARY SYSTEM 
•Skin 

<SOl (50) <SOl Epidermal inclusion cyst 
I (2%) InflammatiOn, acute 
I (2%) Inflammation, acute necrotizing 
1 (2%) Inflammation, acute/chrome 
1 (2%) •subcutaneous tissue (50) (50) <SOl Inflammation, acute 

1 (2%) Abscess, NOS <2%) 

RESPIRATORY SYSTEM 
•Nasal cavity (50) r50l (50) Inflammation, acute 

1 12%) 2 14%) •Nose 
cSOJ <50) <50> Abscess, NOS 

1 <2%) •Nasal gland 
<SOl <50) <50) Inflammation, acute 9 (18%) 12 (24%) 6 (12%) •Nasopharynx tSOl 150) (50) Congenital malformation, NOS 

1 (2%l II Lung/bronchiole 150) (50) (49) Inflammation, acuta necrotizing 
1 (2%) #Lung 

<50) (50) (49) Aspiration, foreign body 
2 (4%) Mineralization 

1 (2%) Atelectasis 
1 (2%) Congestion, NOS 3 (6%) 6 (12%) 4 (8%) Hemorrhage 

5 (10%) 3 (6%) 1 (2%) Inflammation, interstitial 
1 (2%) Inflammation, acute (2%) 2 (4%) {2%) Abscess, NOS 
2 (4%) Inflammation, active chronic 5 (10%) 4 (8%) 4 (8%) Inflammation, chronic 2 (4%) 1 (2%) 1 (2%) Inflammation, chronic focal 

1 (2%) Bacterial septicemia 
1 <2%1 Hyperplasia, alveolar epithelium 8 (16%) 4 (8%) 6 (12%) Histiocytosis 7 (14%) 2 (4%) 5 (10%) #Lung/alveoli (50) (50) <49) Metaplasia, osseous I (2%) 

HEMATOPOIETIC SYSTEM 
•Multiple organa (50) 150) (50) Depletion, lymphoid 

I (2%) 1 12%) Leukemoid reaction 
I (2%l Hyperplasia, plasma cell 
1 <2%> #Bone marrow 149l t50J 148) Myelofibrosis 25 151%) 14 (28%) II <23%) Hyperplasia, hematopoietiC 7 114%J 11 (22%) 10 <21%) .¥Spleen 

(50) <48) <SOl .\'ecrosis, coagulative I <2%) Depletion, lymphoid 8 (16%) 8 (17%) 6 (12%) Hyperplasta,lymphoid 6 <12%) 6 113%) 5 00%) Hematopoiesis 14 (28%) 23 (48%) 27 (54%} #Splenic capsule <50) (48) 150) Fibrosis, focal 
1 (2%) 
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TABLE 84. 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 (50} !48l (50) 

Necrosis, NOS 1 (2%) 
#Lymph node (44) (47) (45} 

Inflammation, acute 1 (2%} 
Abscess, NOS 12%! 2 (4%) 
Depletion, lymphoid 12%> 1 (2%) 
Angiectasis 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 

#Mandibular lymph node (44) (47) (45) 
Depletion,Iymphoid 1 (2%) 
Hyperplasia, NOS 1 (2%) 1 (2%) 

#Tracheal lymph node (44) (47) (45} 
Inflammation, acute 1 <2%) 
Abscess, NOS 1 (2%) (2%) 
Depletion, lymphoid 1 (2%) 
Hyperplasia, plasma cell 1 (2%) 4 (9%) 1 (2%) 

I Mediastinal lymph node (44) (47) (45) 
Hemorrhage 1 (2%) 
Abscess, NOS 4 (9%) 3 17%) 
Inflammation, acute/chronic (2%) 
Depletion, lymphoid (2%) 5 (11%) 
Hyperplasia, plasma cell (2%) 4 (9%) 9 120%) 
Hyperplasia, lymphoid 1 (2%) 1 (2%) 

#Pancreatic lymph node (44) 147) (45) 
Inflammation, active chronic 1 (2%) 
Depletion,lymphoid 1 !2%) 
Angiectasis l (2%) 
Hyperplasia, plasma cell 1 (2%) 

#Lumbar lymph node (44) (47) (45} 
Abscess, NOS 2 (4%) 
Inflammation, active chronic 1 (2%) 
Hyperplasia, plasma cell 2 (4%) 
Hyperplasia, lymphoid 1 (2%) 

#Mesenteric lymph node (44) (47) (45) 
Hemorrhage 1 (2%) 3 (7%) 
Abscess, NOS (2%) 
Adhesion, NOS 2 (4%) 
Necrosis, NOS 1 (2%) 
Depletion, lymphoid 1 12%) 2 (4%) 
Hyperplasia, NOS 4 (9%) 4 (9%) 3 (7%) 
Angiectasis 5 Ill%) 10 (21%) 4 (9%) 

#Renal lymph node (44) (47) (45) 
Hemorrhage 1 (2%) 
Adhesion, NOS (2%) 
Depletion, lymphoid 1 (2%) 
Hyperplasia, NOS 2 (4%) 2 (4%) 
Angiectasis 2 (4%) 

#Inguinal lymph node (44) (47) (45) 
Hyperplasia, lymphoid 1 12%) 

•Intercostal muscle (50) (50) (50) 
Hyperplasia, hematopoietic 1 (2%) 

#Liver (50) <50) (50) 
Hematopoiesis 9 (18%) 21 (42%) 23 (46%) 

#Peyer's patch (50) (48) (48) 
Hyperplasia, lymphoid 2 (4%) 1 (2%) 
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TABLE 84. 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> 
#Thymus (25) <30) (23) 

Cyst. NOS 6 <24%l 1 (3%) 3 (13%) 
Hemorrhage 1 (4%) 
Abscess, NOS (4%) 
Inflammation, chronic <4%) 
Necrosis, NOS 2 (7%) 
Depletion, lymphoid 3 <12%l 5 (17%) .7 <30%) 
Hyperplasia,lymphoid I <4%) 

#Thymic lymphocytes <25) <30) <23) 
Necrosis. NOS 1 (4%) 

CIRCULATORY SYSTEM 
#Mesenteric lymph node (44) (47) (45) 

Thrombosis, NOS 1 (2%) 
#Lung 150) (50) (49) 

Perivasculitis 4 <8%) 5 (10%) 2 (4%) 
#Heart 150) <49) (49) 

Mineralization 1 <2%) I <2%) 1 (2%) 
Thrombus, organized 1 (2%) 
Inflammation, acute 2 (4%) 
Abscess, NOS 1 (2%) 
Inflammation, active chronic 2 (4%) 5 (10%) 
Inflammation, chronic 3 <6%) 4 (8%> 1 (2%) 
F'ibrosis. focal I <2%) 2 (4%) 
Periarteritis 1 (2%) 
Degeneration, NOS 1 (2%) 4 (8%) 
Necrosis, coagulative 1 <2%) 

# Myocardiwn (50) <49) (49) 
Degeneration, NOS 1 (2%) 1 (2%) 

•Artery (50) <50) (50) 
Inflammation, chronic 1 (2%) 
Hyperplasia, focal 1 (2%) 

•Aorta <50) <50> (50) 
Minerali2ation 1 <2%) 

•Mesenteric artery (50) (50) (50) 
Thrombus, mural 1 (2%) 

•Renal artery (50) (50) (50) 
Thrombus, organized 1 (2%) 

# U teruslendometri urn (50) (49) (49) 
Thrombus, organized 1 (2%) 1 (2%) 

DIGESTIVE SYSTEM 
•Tooth <SOl (50) (50) 

Deformity, NOS 1 (2%) 1 (2%) 2 (4%) 
Abscess, NOS 1 <2%) 4 (8%) 
Inflammation, active chronic 3 (6%) 

#Salivary gland (44) (47) (46) 
Inflammation, chronic 21 (48%) 9 119%) 13 (28%) 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 

TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM <Continued) 
#Liver (50) (50) (50) 

Congenital malformation, NOS 1 (2%) 

Congestion, NOS 2 (4%) 2 (4%) 

Abscess, NOS 1 (2%) 

Inflammation, active chronic 5 <10%) 6 (12%) 5 (10%) 

Inflammation, chronic 2 <4%) 1 (2%) 

Adhesion. fibrous I <2%) 1 (2%) 

Necrosis, coagulative 8 (16%) 11 (22%) 6 (12%) 

Metamorphosis, fatty 2 (4%) 1 (2%) 

Pigmentation, NOS 1 12%) 

Nuclear enlargement (2%) 

Basophilic cyto change 12%) 

Eosinophilic cyto change (2%) 

Clear cell change (2%) 

Hepatocyt.Omegaly 2 (4%) 

#Pancreas (47) (44) (42) 

Dilatation/ducts 2 (5%) 

Inflammation, active chronic 2 (4%) 1 (2%) 1 (2%) 

Inflammation, chronic 8 (17%) 3 (7%) 2 (5%) 

Adhesion, NOS 1 <2%) 1 (2%) 2 (5%) 

Necrosis, coagulative 1 (2%) 

Atrophy, NOS· 2 (4%) (2%) (2%) 

Histiocytosis 1 (2%) 

#Esophagus (46) (45) (38) 

Inflammation, acute 1 (3%) 

#Stomach (50) (50) (50) 

Hyperplasia, epithelial 1 (2%) 

#Glandular stomach (50) (50) (50) 

Mineralization 2 (4%) 

Inflammation, chronic l (2%) 

#Gastric muscularis (50) (50) (50) 

Mineralization 1 (2%) 

#Stomach wall (50) (50) (50) 

Mineralization 1 (2%) 

#Forestomach (50) (50) (50) 

Foreign body, NOS 2 (4%) 

Mineralization 1 (2%) 1 (2%) 

Cyst, NOS 1 (2%) 

Ulcer, NOS 4 (8%) 3 (6%) 

Inflammation, acute 1 (2CJ&) 1 (2%) 

Inflammation, acute focal 2 (4%) 

Inflammation, acute necrotizing 1 (2%) 3 (6%) 

Inflammation, active chronic 9 118%) 4 (8%) 1 (2%) 

Inflammation, chronic 4 (8%) 

Adhesion, NOS 1 (2%) 

Hyperplasia, pseudoepitheliomatoua 1 <2%) 

Hyperplasia, basal cell 1 <2%) 1 (2%) 1 (2%) 

Hyperkeratosis 7 04%) 4 (8%) 6 (12%) 

Acanthosis 8 ( 16%) 4 (8%) 8 (l6%) 

#Colon <50) \48) (47) 

Adhesion, fibrous 1 (2%) 

URINARY SYSTEM 
#Kidney (50) (50> (50) 

Mineralization 1 (2%) 

Hydronephrosis 2 (4%) (2%) 

Cyst, NOS 1 (2%) 

Glomerulonephritis, NOS 3 (6%) 8 (16%) 4 (8%) 

Pyelonephritis, NOS 1 (2%) 5 (10%) 

Inflammation, NOS 1 <2%) 

Absc:esa, NOS (2%) 
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TABLE 84. 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) (50) (50) (50) Inflammation, active chronic 2 (4%) 1 (2%) 1 (2%) Inflammation, chronic 28 (56%J 22 (44%) 30 (60%) Glomerulonephritis, chronic 1 (2%) 

Adhesion, NOS 2 (4%) 
Nephropathy 1 (2%1 
Glomerulosclerosis, NOS 3 (6%J 3 (6%) 5 !10%) Metaplasia, osseous 1 (2%) 1 (2%J 1 (2%) II Kidney/cortex (50) (50) (50) Metaplasia, osseous 1 (2%> #Renal papilla (50) (50) (50) Necrosis, coagulative 3 (6%) #Kidney/glomerulus (50) (50) (50) Adhesion, NOS 1 (2%) 1 (2%) II Kidney/tubule (50) (50) (50) Dilatation, NOS 1 (2%) 1 (2%) Cast, NOS 1 (2%) 
Degeneration, NOS (2%) 
Atcophy, focal 

2 (4%) Regeneration, NOS 9 (18%) 5 (10%) 1 (2%) #Kidney/pelvis (50) (50) (50) Inflammation, chronic focal 1 (2%) 
#Urinary bladder (48) (46) (47) Inflammation, acute focal 1 (2%) 

Inflammation, chronic 23 (48%) 13 (28%) 24 (51%) 

ENDOCRINE SYSTEM 
#Anterior pituitary (36) (43) (36) Cyst, NOS 1 (3%) 2 (5%1 1 (3%) Hyperplasia, NOS 9 (25%) 16 (37%) 10 (28%) Angiectasis 1 (2%) 1 (3%) #Adrenal (48) (50) (49) Congestion, NOS 1 (2%) Hemorrhage (2%) Inflammation, acute/chronic 1 (2%) 

Inflammation, chronic (2%) Adhesion, NOS 
1 (2%) Angiectasia 1 (2%) 2 (4%) # Adrenallca psule (48) (50) (49) Inflammation, active chronic 1 (2%) Adhesion, NOS 1 (2%) #Adrenal cortex (48) (50) (49) Cyst, NOS 
1 (2%) Hyperplasia, NOS 
1 (2%) # Periadrenal tissue (48) (50) (49) Absceaa, NOS 1 (2%) 

Inflammation, active chronic 1 (2%) 
#Thyroid (48) (47) (48) Follicular cyst, NOS 1 (2%i 1 (2%J 

Inflammation, acute 1 (2%) 
Inflammation, chronic focal 1 <2%) 
Hyperplasia, follicular cell 3 (6%) 1 (2%) 

#Pancreatic isleta (47) (44) (42) Hyperplasia, NOS 2 (4%) 
Angiectasis 1 (2%) 
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TABLE 84. SU~~ARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 

TWO-YEAR FEED STUDY OF PENTACHLORONITROBENZENE (Continued) 

CONTROL LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
•Mammary gland (50) (50) (50> 

Galactocele 1 <2%) 1 (2%) 

Cyst, NOS 1 <2%) 

Inflammation, active chronic 2 (4%) 

Inflammation, chronic 
3 (6%) 

Hyperplasia, NOS 3 (6%) 1 12%) 

•Fallopian tube lumen 150l (50) (50) 

Dilatation, NOS 1 <2%) 

Inflammation, acute 1 (2%) 1 12%) 

#Uterus (50) (49) (49l 

Hydrometra 5 {10%) 2 (4%) 6 <12%) 

Inflammation, acute 3 (6%) 11 (22%) 7 <14%) 

Abscess, NOS 1 (2%) 1 (2%) 1 <2%) 

Inflammation, active chronic 2 (4%) 1 (2%) 

Necrosis, coagulative 
1 12%) 

Hyperplasia, epithelial 3 (6%) 7 (14%) 2 14%) 

Hyperplasia, stromal 1 <2%) 

Angiectasis 
2 (4%) 

Metaplasia, squamous 1 (2%) 

#Uterus/endometrium (50) (49) (49) 

Hyperplasia, NOS 33 (66%) 33 <67%) 28 (57%) 

#Fallopian tube (50> (49) (49) 

Dilatation, NOS 1 (2%) 

#Ovary/parovarian (49) (50) (50) 

Mineralization 1 (2%) 

Abscess, NOS 12 (24%) 20 (40%) 29 (58%) 

Inflammation, active chronic 1 (2%) 10 (20%) 3 (6%) 

Inflammation, chronic 5 (10%) 2 (4%) 

Fibrosis 1 (2%) 

Adhesion, NOS 2 {4%) 7 <14%) 9 (18%) 

Necrosis, NOS 1 (2%) 

I Ovary (49l (50) (50) 

Mineralization 1 (2%) 1 (2%) 

Cyst, NOS 9 (18%) 8 (16%) 7 (14%) 

Parovarian cyst 10 (20%) 7 (14%) 7 <14%) 

Hemorrhage 1 (2%) 1 (2%) 

Hemorrhagic cyst 2 (4%) 2 (4%) 2 (4%) 

Inflammation, acute 1 (2%) 

Abscess, NOS 
2 (4%) 

Necrosis, NOS 
1 (2%) 

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

NERVOUS SYSTEM 
#Cerebrum (49) (50) (50) 

Mineralization 
1 (2%) 

#Brain (49) (50) <50) 

Hemorrhage 
1 (2%) 

Inflammation, acute focal 
1 (2%) 

#Brain/thalamus (49> (50) (50) 

Mineralization 27 <55%) 28 (56%) 21 (42%) 

SPECIAL SENSE ORGANS 
•Nasolacrimal duct (50) (50) (50) 

Inflammation, NOS 1 (2%) 

Inflammation, acute 
(2%) 

Inflammation, active chronic 3 <6%) 

Inflammation, chronic 2 (4%) 1 (211.) 3 (6%) 

•Ear canal (50) (50) (50) 

Necrosis, NOS 
1 (2%) 
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TABLE 84. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE TWO· YEAR FEED STUDY OF PENT ACHLORONITROBENZENE (Continued) 

MUSCULOSKELETAL SYSTEM 
'"Intercostal muscle 

lnilammation, acute 
Abscess, NOS 
lnilammation, active chronic 

'"Abdominal muscle 
Abscess, NOS 
Inilammation, chronic 

BODY CAVITIES 
•Thorax 

Hemothorax 
Empyema 

•Mediastinum 
Inflammation, acute 
Abscess, NOS 

•Peritoneum 
lnilammation, acute 
Inflammation, acute necrotizing 
Inflammation, active chronic 
lnilammation, chronic 
Adhesion, fibrous 

•Peritoneal cavity 
Hemoperitoneum 

'"Pleura 
lnilammation, acute 
Inilammation, acute/chronic 

•Epicardium 
Inilammation, acute 

•Mesentery 
Inilammation, acute/chronic 

ALL OTHER SYSTEMS 
'"Multiple organs 

Inilammation, acute 
Inilammation. active chronic 
lnilammation, chronic 
Adhesion, NOS 
Bacterial S1!9ticemia 

Omentum 
Minel"alizatioa 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, chronic 
Fibrosis 
Necrosis, NOS 

SPECIAL MORPHOLOGY SUMMARY 
None 

CONTROL 

(50) 
5 (10%) 

I 12%1 
(50> 

(50) 

2 (4%) 
<SOl 

(50) 

8 (16%) 

3 16%) 

(50) 
1 (2%) 

(50) 
5 (10%) 

(50) 
1 (2%) 

(50) 

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

1 (2%) 

1 
3 

LOW DOSE 

150) 
3 (6%) 

(50> 

(2%) 

(50> 
1 (2%) 

(50) 

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

(50) 
1 (2%) 

(50) 
6 (12%) 

(50) 

(50) 

(50) 
4 (8%) 

17 (34%) 
1 (2%) 
2 (4%) 

1 
2 
1 
2 

HIGH DOSE 

(50) 
8 (16%) 
1 (2%) 
3 (6%) 

150) 
l 12%) 

150) 
1 (2%) 
2 (4%) 

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

<SOl 
17 (34%) 

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

(50) 

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

(50) 
1 (2%) 

(50) 
1 (2%) 

(50) 
6 (12%) 
3 (6%) 
6 (12%) 

2 (4%) 

• Number of animals receiving complete necropsy examinations; all gross lesions iccluding masses examined microscopically. # Number of animals examined microscopically at this site 
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TABLE Ct. MUTAGENICITY OF PENTACHLORONITROBENZENE IN SALMONELLA TYPHIMURIUM 

Revertants/Rlate !!!.b) Strain Dose -S9 + S9(rat) + S9 (hamster) (lJ.g/plate) 

TAlOO 0 124 ± 15.0 176 ± 1.2 102 ± 2.8 100 101 ± 5.4 166 ± 15.4 107 ± 5.4 333 118± 11.9 149 ± 9.5 98 ± 14.1 1,000 120 ± 8.1 147 ± 6.4 110± 10.3 3,333 122 ± 4.6 149 ± 10.7 126 ± 12.4 6,667 113± 6.1 139 ± 6.0 122 ± 11.7 

TA1535 0 15 ± 2.4 18 ± 1.3 15 ± 1.7 100 19 ± 2.6 13 ± 3.3 15 ± 2.2 333 21 ± 2.4 9± 2.0 13 ± 2.5 1,000 19 ± 1.2 17 ± 2.7 12 ± 0.3 3,333 19 ± 2.3 13 ± 1.5 14 ± 2.1 6,667 21 ± 2.6 14 ± 2.5 14 ± 2.3 

TA1537 0 24 ± 2.3 35 ± 5.2 26 ± 4.8 100 9± 3.0 24 ± 4.2 15 ± 3.1 333 11± 3.3 31 ± 10.1 21 ± 5.2 1,000 15 ± 0.0 29 ± 1.8 20 ± 5.6 3,333 16 ± 1.2 26 ± 1.0 33 ± 2.0 6,667 19 ± 2.1 22 ± 3.3 26 ± 4.5 

TA98 0 25 ± 4.8 43 ± 1.2 37 ± 5.8 100 36 ± 3.7 45 ± 3.1 36 ± 1.8 333 32 ± 6.3 42 ± 5.5 41 ± 0.7 1,000 29 ± 4.4 43± 3.9 36 ± 3.8 3,333 35 ± 2.6 37 ± 3.2 36 ± 3.0 6,667 32 ± 2.9 37 ± 3.6 35 ± 2.3 

(a) The S9 fractions were prepared from the liver of Arodor 1254-induced male Sprague-Dawley rats and male Syrian hamsters. Cells and study compound or solvent <DMSOJ were incubated for 20 minutes at 37" C in the presence of either S9 or buffer. After the addition of soft agar, the contents of each tube were poured onto minimal medium, and the plates were incubated at 37" C for 48 hours (Haworth et al., 1983). The experiment was performed twice, each in triplicate; because the results were similar, data from only one e1perimentare shown. 
(b) Mean ± standard error 
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TABLE C2. MUTAGENlCITY OF PENTACHLORONITROBENZENE IN L5178YffK+'- MOUSE LYMPHOMA 
CELLS IN THE ABSENCE OF 89 (a) 

TotaJ Relative Mutation Frequency 
Compound Dose Mutant Clones Cloning ECficiency TotaJ Growth (mutants/108 

(pglml) (percent) {percent) cion able cells) 

Acetone 
1% 102 99.7 84.0 34 

107 112.3 106.0 32 
92 116.8 97.0 (b) 26 (33) 

Methyl methanesulfonate 
5.0 494 72.0 40.5 229 

391 56.7 36.0 230 
439 89.0 49.7 164(208) 

Pentachloronitrobenzene 
1.25 80 93.7 68.4 28 

74 86.3 78.5 29 
96 94.7 84.4 34(30) 

2.50 83 89.3 83.4 31 
70 103.0 85.9 23 
86 93.3 80.6 31 (28) 

5.00 108 106.3 78.0 34 
116 115.0 76.9 34 
88 85.3 63.6 34 (34) 

7.50 75 96.8 85.6 26 
88 115.2 96.9 25 
63 107.5 95.6 20 (24) 

10.00 69 81.2 76.4 28 
85 110.8 67.9 26 
63 111.8 95.5 19 124) 

Ia> 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 10~/ml) were treated for 
4 hours at 37• C in medium, washed, resuspended in medium. and incubated for 48 hours at 37• C. After expression, 3 x 106 
cells were plated in medium supplemented with trifluorothymidine for selection of cells that were mutant at the thymidine 
kinase <TKJ 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 L5178YtrK+ 1
- MOUSE LYMPHOMA CELLS IN THE PRESENCE OF 89 (a) 

Total Relative Mutation Frequency Compound Dose Mutant Clones Cloning Efficiency TotaJ Growth (mutants/108 (plfmO (percent) (percent) clonable cells) 

Acetone 
1'1. 70 86.3 87.0 27 77 75.2 93.0 34 74 101.8 115.0 24 59 82.5 103.0 <bl 24(271 

3-Methylcholanthrene 
2.5 775 50.2 33.1 515 625 57.8 45.6 360 778 78.3 38.1 331(402) 

Pentachioronitrobenzene 
1.25 71 82.3 89.4 29 74 82.0 81.5 30 68 85.8 78.6 26(28) 

2.50 80 80.5 88.7 33 72 78.8 79.3 30 107 100.5 90.3 35 (33) 

5.00 71 86.2 90.7 27 
85 108.7 98.3 26 78 85.5 79.0 30 (28) 

7.50 97 109.0 85.0 30 
89 98.2 89.1 30 87 100.7 101.5 29(30) 

10.00 92 90.0 82.7 34 84 98.8 80.0 28 80 88.0. 91.6 30 (31) 

(a) E%perimenta were performed twice; all doses were tested in duplicate. Because the resuJta were similar, data from only one experiment are shown. The protocol was baaically that of Clive et al. ( 19791. Cells ( 6 X 1 QS/mll were treated for 4 houn at arC in medium, washed, resuspended in medium, and incubated for 48 houn at arC. After expreaaion, 3 X 108cella were plated in medium supplemented with triJluorothymidine for selection of cells that were mutant at the thymidine kinase <TK> locus, and 600 cells were plated in nonselective medium to determine the percentage of viable cells. 59 was prepared from the liver of Aroclor 1254-induced 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) 

-S9!bl + S9 ~c! 
Dose SCE/Cell (d) Dose SCE/Cell (d) 

(pglml) (pglmll 

D MSO (1 0 p.ll 8.4 DMSO (10 p.ll 10.0 

Pentachloronitrobenzene Pentachloronitrobenzene 

0.75 8.5 7.5 8.7 
2.40 9.3 24.0 11.0 
7.50 9.3 75.0 9.3 

MitomycinC Cyclophosphamide 

0.005 16.7 1.0 18.3 

(a) SCE = sister-chromatid exchange 
(b) In the absence of 59, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours at 37• C; 2 

hours after initiation of treatment, 10 11M BrdU was added, and incubation was continued for 22-24 hours. Cells were washed, 

fresh medium containing BrdU (10 !JM) and colcemid (0.1 J,.lg/ml) was added, and incubation was continued for 2-3 hours 

(Galloway etal.,1985). 
(c) In the presence of 59, cells were incubated with study compound or solvent for 2 hours at 37" C. Then cells were washed, and 

medium containing 10 11M BrdU was added. Cells were incubated for a further 26 hours, with colcemid (0.1 !Jg/ml) present for 

the final2-3 hours. 59 was from the liver of Aroclor 1254-induced male 5prague-Dawley rats. 

(d) Cells were collected by mitotic shake-off, treated for 3 minutes with potassiwn chloride (75mM), washed twice with fixative, 

and dropped onto slides and air:~ried (Galloway et al., 19851. 

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

-S9!b! +89!c! 
Dose Abs/100 Cells Dose Abs/100 Cells 

(pg/ml) (percent cells w/abs) (pglml) (percent cells w/abs) 

DMSO <10 )11) 3 (3) DMSO (10 p.l) 3 (3) 

Pentachloronitrobenzene Pentachloronitrobenzene 

2.4 5(5) 2.4. 8(8) 

7.5 28 (16) 7.5 10(9) 

24.0 22 (l9) 24.0 6(6) 

75.0 17 (10) 75.0 19 (13) 

MitomycinC Cyclophosphamide 

0.150 44<24) 15.0 22 (18) 

(al Abs = aberrations 
(b) In the absence ofS9, Chinese hamster ovary cells were incubated with study compound or solvent for B-10 hours at 37• C. 

Cells were then washed, and fresh medium containing colcemid (0.1 J,.lg/ml) was added. After 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 37" C. Cells were then washed, 

medium waa added, and incubation continued for 8-10 hours. Colcemid (0.1 p.glmll was added for the last 2-3 hours of 

incubation; then cells were harvested and fixed as above. 59 was from the liver of Aroclor 1254-indw:ed 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 

1. Appearance: 

2. Melting point: 

B. Spectral data 

I. Infrared 

Instrument: 

Phase: 

Results: 

2. Ultraviolet/visible 

Instrument: 

Solvent: 

Results: 

3. Nuclear magnetic 
resonance 

Instrument: 

Solvent: 

Results: 

Pentachloronitrobenzene, NTP TR 325 

Determined 

Yellow, microcrystalline 
solid 

143.1°-145.1°C (visual, 
Buchi 510) 

Beckman IR-12 

1.2% potassium 
bromide pellet 

See Figure 3 

Cary 118 

Methanol 

.\ 111.,.(nm) c X 10"2 

302 7.19 ± 0.06(8) 
212 Not calculated for thia 

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

Varian EM-360A 

Carbon tetrachloride 
with tetramethylsilane 
internal standard 

No peaks 
detected 

88 

Literature Values 

Colorless solid (Merck 
Index, 1983} 

144° C (Merck Index, 
1983) 

Consistent with 
literature spectrum 
(Sadtler Standard 
Spectra) 

Methanol 

.\!liAS (nml e x 10"2 

. 301 6.35 
212.5 729 

(Sadtler Standard Spectra) 

Consistent with 
structure 
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APPENDIX D. CHEMICAL CHARACTERIZATION 

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

D. Elemental analysis 

Element c CI N 

Theory(T) 24.40 60.02 4.74 

Determined (D) 24.25 61.05 4.39 
24.58 60.85 4.68 

PercentD/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 !ll of a 10 !lg/}Jl chloroform solution of the compound, 
10 lJI of chloroform and 10 llg of the reference standard 
Visualization: (1) Ultraviolet 254 nm, (2) 0.2% Fluorescein in absolute ethanol 
followed by a 1% silver nitrate ir.. 0.5 N ammonium hydroxide spray 

System 1 

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

System2 

Solvent: Acetone:acetonitrile (1:1) 
Plates: Whatman KC1sF reverse phase, 20 mm thick 

Results fu !!st 
System 1 

M~orspot 0.51 2.2 
Re erence standard 0.23 1.0 

System2 

M~orspot 0.59 0.87 
Re erence standard 0.68 1.00 
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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 mllmin 

System 1 

Column: 1.8 m X 4 mm ID glass, silylated and packed with 3% SP2250 on 100/120 

Supelcoport 
Oven temperature program: 5 min at 50° C followed by a 10° C/min increase to 250° C 

Samples injected: Approximately 3 }11 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. 

Peak No. 

System2 

1 
2 
3 

Retention 
Time(min) 

18.7 
21.2 
22.3 

Retention Time 
Relative to 
Major Peak 

0.84 
0.95 
1.00 

Area 
(percent of 
major peak) 

0.10 
0.28 

100.0 

Column: 1.8 m X 4 mm ID glass, silylated and packed with 10% Carbowax 20M-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 }ll 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 <0.1%, was also detected. 

Retention Time Area 

Retention Relative to (percent of 

Peak No. Time(min) MaiorPeak major peak) 

1 21.9 0.76 0.15 

2 24.2 0·84 } Unresolved 0.24 

3 24.5 0.85 

4 28.7 1.00 100 
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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 
0.10% 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 < 0.10%, 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 Amu· However, the determined t302 value was higher than the 
reported literature value. 

II. Quantitation of Hexachlorobenzene Present in Pentachloronitrobenzene 
Lot No. 0120679 Performed by the Analytical Chemistry Laboratory 

A. Analytical method: Gas chromatography/mass spectrometry 

Instrument: Varian MAT 311-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 10, 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 e V 
Scan range: 40-350 AMU 
Accelerator voltage: 3,000 V 
Electron multipller voltage: - 2,000 V 
Emission .current: l mA 
Resolution: 1,000 

Standard solutions ofhexachlorobenzene (103.41 and 51.72 i-\g/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 at this retention time 
which was shown to be a mixture of hexachlorobenzene and an isomer of tetrachloronitro
benzene. Comparison of the abundance of mle 284 (largest ion in the molecular ion cluster of 
hexachlorobenzene) in the sample injections with the abundance of this ion provided by 
standard injections was used to determine the amount of hexachlorobenzene present in the 
pen tachloronitrobenzene sample. 

B. Results: Hexachlorobenzene was found to be present in pentachloronitrobenzene at a level 
of0.07% ± 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°, S0

, 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 
of1-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 mUmin 
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 Temperature 

-20°C 
soc 

25°C 
60°C 

Percent Compound 
(normalized to 
- 20• C sample) 

100.0 
100.6 ± 0.7(8) 
100.5 ± 0.7(8) 
101.0 ± 0.7(8) 

D. Conclusions: Pentachloronitrobenzene was stable within the limits of error of the analysis 
at temperatures of up to 60° C when stored for 2 weeks in glass vials protected from light. 
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APPENDIX D. CHEMICAL CHARACTERIZATION 

IV. Stability Study of Pentachloronitrobenzene Lot No. 0120679 Performed by the 
Study Laboratory 

A. Storage conditions 

Bulk: 0°C 
Reference: -18° Cor lower 

B. Analytical methods 

1. Infrared spectroscopy 

Instrument: Perkin-Elmer lnfracord #137 
Phase: Potassium bromide pellet 

2. Gas chromatography 

Instrument: Varian 1400 with HP3390A integrator or Varian 3700 with CDS-111 
Detection: Flame ionization 
Column: 3% SP2250 on 100/120 Supelcoport, 6ft X 2 mm ID, glass 
Inlet temperature: 200° or 210° C 
Oven temperature program: 100°-230° Cat 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 
Analysis 

Percent Pentachloronitrobem:ene 

05/29/80 
08/26/80 
12/23/80 
04116/81 
08/12/81 
12/21/81 
04/05/82 
08/06/82 
12/17/82 
04/25/83 
06/23/83 

Bulk Referepce 

99.40 
99.58 
99.50 
99.50 
99.58 
99.59 
99.58 
99.58 
99.60 
99.53 
99.52 

99.54 
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 ()f formulated diets for mixing homogeneity 

1. Study parameters 

Concentration: 20,000 ppm 
VehicJe: 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 offeed. More feed was 
added in 30- to 40-g portions with mixing between additions until the weight of the pre

. mix ~as 200 g. 

3. Bulk- mixing and sampling: A 600-g portion of feed was layered evenly into the 
blend_er; 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 SO 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(± 0.01 g) were transferred to 
200-m! 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 gin 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, clarified by centrifuga
tion, were pi petted into 1 0-ml amber septum vials containing 5 ml of internal standard 
solution (carbazole, 0.7 mglml 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 CDS-111 integrator and 
autosampler 
Column: 3% SP2100 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 Jll 
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 unclosed 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 at concentrations of 0.6, 1.0, and 1.2 mg/ml. The 

correlation coefficient was 0.99999. 

6. Results 

15-Min Blend 
Sampling Location 

Left 

Right 

Bottom 

Pentachloronitrobenzene 
in Feed (ppm) (a, b) 

20,200 

20,110 

20,230 

Percent Recovery (c) 

101.1 ± 0.9 

100.6 ± 0.4 

101.2 ± 1.9 

(a) Results are the mean of three determinations corrected for a zero-time spiked recovery yield of98.1% ± 0.2%. 

(bl Target concentration ofpentachloronitrobenzene in feed was 20,000 ppm. 

(c) Error _values are average deviations from the mean and include bol.h analytical precision and feed blend 

variability. 

7. Conclusions: Pentachloronitrobenzene was blended into animal feed at a concentra

tion of 20,000 ppm and showed < 1% variation in the mean concentration determined at 

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 pentacbloronitrobenzene 

1. Study parameters 

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

2. Sample preparation and storage: From the dosed feed blend prepared as described in 
Section I.A.3. of this appendix, four 12-oz 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. · 

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

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

5. Results 

Storage 
Temperature 

Pentachloronitrobenzene 
in Feed (ppm) (a, b) 

20,330 

20,170 

19,340 

Percent Recovery (c) 

101.7 ± 0.3 

100.8 ± 1.2 

96.7 ± 0.4 

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

6. Conclusions: Pentachloronitrobenzene blended into animal feed at 20,000 ppm was 
stable after 2 weeks' storage in the dark at temperatures of up to 25° C. There was a 
3.3% loss after 2 weeks' storage at 45° C. 
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11. 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 an 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 at 302 nm after a 1:10 
dilution with ethanol. The 1 ,250-ppm concentration supernatant solutions were analyzed by 
flame ionization detection/gas chromatography at 200° Con a 6ft X 2 mm lD 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 39,300 98.3 
Top right 40,000 36,500 91.3 
Bottom 40,000 36,800 92.0 

Top left 1,250 1,210 96.8 
Top right 1,250 1,130 90.4 
Bottom 1,250 1,130 90.4 

(a) Results of duplicate analysis 

D. Conclusions: Concentrations found were all within ± 10% of the target values. 
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APPENDIX F. METHODS OF ANALYSIS 

I. Study Laboratory 

Procedure: Duplicate 2-g samples were extracted with acetonitrile containing 0.09 mglml 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
tion/gas chromatography at 200° C on a 6ft 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 at 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-m! cen
trifuge bottles. Acetonitrile (20 ml) was pipetted into each sample; the bottles were sealed 
and allowed to stand overnight at 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 111-C 
integrator 
Column: 3% SP2250 on 100/120 mesh Supelcoport, 1.8 m X 4 mm ID, glass, silanized 
Detection: Flame ionization 
Temperatures 

Inlet, 220° C 
Oven, 200° C, isothermal 
Detector, 250° C 

Carrier gas: Nitrogen, 30 mVmin 
Volume of solution injected: 3 }JI 
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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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TABLE Gl. RESULTS OF ANALYSIS OF FORMULATED DIETS IN THE THIRTEEN-WEEK 
FEED STUDIES OF PENTACHLORONITROBENZENE 

Date Mixed 

Concentracion (a) o( Pentac:hloronitrobenzene 
in Feed (ppm) 

Target Determined 
Determined as a Percent 

of Target 

05/05180 2,500 
5,000 

10,000 
20,000 
40,000 

Cal Results of duplicate analysis 

2,300 
4,600 

10,300 
19,800 
37,500 

92 
92 

103 
99 
94 

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

Date Mixed 

06/03/81 
07f20/81 
08f24181 
10/05181 
01/04182 
03/01182 
04126/82 
05124/82 
07/19/82 
09f27182 
10f25182 
Olf24183 
02114183 
04125183 

Mean (ppm) 
Standard deviation 
Coefficient of variation (percent) 
Range<ppml 
Number of samples 

(al Results of duplicate analysis 

Conc:entracion (a) or Pentachloronitrobenzene 
in Feed (or Target Concentration (ppm) 

2,500 5,000 

2,500 
2,450 
2,400 
2,600 
2,400 
2,500 
2,540 
2,370 
2,370 
2,610 
2,350 
2,500 
2,400 
2,400 

2,460 
86 

3.5 
2,350-2,610 

14 

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 

4,980 
160 

3.2 
4,700-5,200 

14 

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

Date Mixed 

06/03/81 
10/05/81 
04126/82 
10f25182 
04125183 

Target Concentration 
{ppm) 

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

(a) Results of duplicate analysis 
(b l Results of triplicate analysis 

Pentachloronitrobenzene, NTP TR 325 

Determined Concentration (ppm) 
Study Laboratory (a) Referee Laboratory (b) 
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4,900 
2,600 
2,540 
5,100 
2,400 

5,000 
2,600 
2,500 
4,900 
2,500 
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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 dean 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 B6C3F 1 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 
Inhibition 

PVM (pneumonia virus of mice) 
Reo 3 (reovirus type 3) 
G D VII (Theiler's 

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

B. Results 

Complement 
Fixation 

:\i.Ad. (mouse adenovirus) 
LCM (lymphocytic 
choriomeningitis virus) 

Sendai (12 mo) 

ELISA 

MHV(mouse 
hepatitis virus) 

M. pui. (Mycoplasma 
pulmonis) (24 mo) 

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

IntervaJ 
(montbs) 

6 
12 
18 
24 

No. or 
Animals 

318 
7/9 
1/9 

5110 

Positive Serologic 
Reaction for 

None positive 
None positive 
MHV 
Sendai 
M. pul. 
MHV 

(al 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 A:;.sociates. Inc. <Bethesda, MD> for the Animal Disease Screening Program. 
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APPENDIX H. SEROLOGY AND CULTURE OF ABSCESSES 

II. Results of Culture of Ovarian Abscesses 

TABLE H2. SUMMARY OF BACTERIOLOGIC FINDINGS IN OVARIAN ABSCESSES IN MICE IN THE TWO-YEAR FEED STUDIES OF PENTACHLORONITROBENZENE (a) 

Date or 
Sampling 

2/04183 
3/11/83 
6/10183 
6/10/83 
6/09/83 
6/09/83 

Animal 
Identification 

56HF #23 
56UF #22 
56UF#24 
56UF #21 
56LF#49 
56LF #7 

Bacteriologic 
Finding 

Klebsu!lla pneumoniae 
Staph.ywcoccU3 aureus 
K.o:r:ytoca 
K. pneu.moniae 
K.o:r:ytoca 
K. o:r:ytoca 

(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 OF PENT ACHLORONITROBENZENE 

Control Low Dose High Dose 

Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose I 

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 7 30.6 6 31.0 0.9 484 6 30.1 0.9 997 

8 7 33.7 7 33.4 1.0 524 8 31.9 1.1 1,254 

12 6 34.6 6 34.6 1.0 434 7 33.1 1.2 1,057 

16 6 35.8 6 35.8 1.0 419 7 34.1 1.2 1,026 

20 6 37.3 6 37.1 1.0 404 7 35.5 1.2 986 

24 6 38.6 6 38.5 1.0 390 7 36.2 1.2 . 967 

28 6 39.5 5 38.8 0.8 322 6 36.7 1.0 817 

32 6 38.0 6 38.1 1.0 394 7 36.0 1.2 972 

36 6 41.6 7 40.5 1.2 432 8 37.9 1.3 1,055 

40 5 42.7 6 40.9 1.2 367 8 38.4 1.6 1,042 

44 6 43.5 7 42.3 1.2 414 8 38.4 1.3 1,042 

48 5 43.2 6 41.9 1.2 358 7 38.9 1.4 900 

52 5 43.1 5 41.5 1.0 301 6 38.7 1.2 775 

56 5 43.0 5 41.8 1.0 299 7 38.7 1.4 904 

61 7 41.6 6 41.4 0.9 362 7 38.4 1.0 911 

64 4 42.4 5 42.7 1.3 293 6 38.4 1.5 781 

68 5 40.9 6 41.4 1.2 362 6 38.9 1.2 771 

72 5 41.1 5 40.8 1.0 306 6 38.4 1.2 781 

76 5 41.8 6 42.8 1.2 350 7 38.7 1.4 904 

80 6 41.3 7 41.3 1.2 424 8 38.0 1.3 1,053 

84 5 39.9 5 39.9 1.0 313 6 37.4 1.2 802 

88 5 40.2 6 40.1 1.2 374 7 38.1 1.4 919 

92 5 40.5 7 39.9 1.4 439 7 36.1 1.4 970 

96 4 39.1 6 38.8 L5 387 8 37.4 2.0 1,070 

100 8 38.7 8 39.0 I.O 513 8 37.2 1.0 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 

Ia> Grams offeed removed from the feeder; not corrected for scatter. 
(b) Grams offeed 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 

(dl Standard deviation 
(e) Coefficient of variation = (standard deviation/mean) X 100 
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TABLE 12. FEED AND COMPOUND CONSUMPTION BY FEMALE MICE IN THE TWO-YEAR FEED 
STUDY OF PENTACHLORO:-.IITROBENZENE 

Control Low Dose Higb Dose 
Grams Body Grams Body Low/ Dose/ Grams Body High/ Dose/ 
Feed/ Weight Feed/ Weight Control (b) Oay(c) Feed/ Weight Control (b) Day(c) 

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

4 7 23.7 7 23.1 1.0 758 7 23.3 1.0 1,502 
8 7 26.3 8 25.4 1.1 787 10 25.4 1.4 1,969 

12 6 27.9 6 26.3 1.0 570 8 26.6 1.3 1,504 
16 6 29.5 7 28.3 1.2 618 8 28.0 1.3 1,429 
20 7 31.9 8 29.9 1.1 669 8 29.5 l.l 1,356 
24 7 34.5 9 31.7 1.3 710 9 30.6 1.3 1,471 
28 6 35.6 7 33.2 1.2 527 7 32.0 1.2 1,094 
32 7 35.0 8 32.5 1.1 615 8 31.2 1.1 1,282 
36 8 37.8 9 35.0 1.1 643 8 34.0 1.0 1,176 
40 7 39.9 8 36.3 1.1 551 9 34.7 1.3 1,297 
44 7 41.6 9 37.8 1.3 595 10 36.9 1.4 1,355 
48 6 42.9 8 39.3 1.3 509 9 36.4 1.5 1,236 
52 6 43.8 7 39.6 1.2 442 8 36.5 1.3 1,096 
56 6 42.7 7 39.3 1.2 445 8 35.8 1.3 1,117 
61 5 41.9 8 39.5 1.6 506 8 35.7 1.6 1,120 
64 6 43.9 7 39.6 1.2 442 7 34.0 1.2 1,029 
68 6 44.4 8 39.7 1.3 504 10 37.8 1.7 1,323 
72 7 43.5 7 39.7 1.0 441 10 36.3 1.4 1,377 
76 7 46.1 10 41.0 1.4 610 10 38.1 1.4 1,312 
80 8 46.3 9 42.5 l.1 529 10 38.0 1.3 1,316 
84 7 45.9 9 42.2 1.3 533 11 37.1 1.6 1,482 
88 8 46.2 9 41.5 1.1 542 13 37.9 1.6 1,715 
92 8 48.4 10 41.4 1.3 604 11 36.6 1.4 1,503 
96 8 47.7 11 41.4 1.4 664 12 38.4 1.5 1,563 

100 8 49.8 13 41.6 1.6 781 10 37.9 1.3 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<el 13.2 17.9 16.7 17.6 17.4 15.4 15.5 

(al Grams of feed removed from the feeder; not corrected for scatter. 
(b l Grams of feed per day for the dosed group divided by that for the controls 
(c) Estimated milligrams ofpent.achloronitrobenzene consumed per day per kilogram of body weight 
(d) Standard deviation 
(e) Coefficient of variation = (standard deviation/mean) X 100 
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TABLE Jl. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (4911> protein> 
Fish meal (60'1. 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) 

(al NIH,1978; NCI,l976 

Percent by Weight 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE J2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Vitamins 

A 
D3 
K3 
d-a· Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
Btz 
Pyridoxine 
Biotin 

MineraJ9 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

Amount 

5,500,000 1U 
4,600,000 lU 

2.8g 
20,0001U 

560.0 g 
2.2g 

30.0g 
18.0 g 
3.4g 

IO.Og 
4,000 pg 

1.7g 
140.0mg 

120.0 g 
60.0g 
16.0 g 
4.0g 
1.4g 
0.4g 

(a) Per ton (2,000 lbloffinished product 
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Source 

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 



TABLE J3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Mean± Standard 
Nutrient Deviation Range No. of Samples 

Crude protein (percent by weight) 24.19 ± 1.07 22.4-26.3 25 
Crude fat (percent by weight) 5.02 ± 0.47 4.2-6.0 25 
Crude fiber (percent by weight) 3.37 ± 0.37 2.4-4.2 25 
Ash (percent by weight) 6.54 ± 0.26 5.97-7.03 25 

Essential Amino Acids (percent of total diet) (a) 

Arginine 1.300 1.21-1.38 3 
Cystine 0.340 0.23-0.40 3 
Glycine 1.137 1.06-1.20 3 
Histidine 0.561 0.530-0.578 3 
Isoleucine 0.899 0.881-0.934 3 
Leucine 1.930 1.85-1.98 3 
Lysine 1.243 1.20-1.30 3 
Methionine 0.329 0.306-0.368 3 
Phenylalanine 0.991 0.960-1.04 3 
Threonine 0.851 0.827-0.886 3 
Tryptophan 0.187 0.171-0.211 3 
Tyrosine 0.647 0.566-0.769 3 
Valine 1.090 1.05-1.12 3 

Essential Fatty Acids (percent of total diet) (a) 

Linoleic 2.40 2.37-2.44 2 
Linolenic 0.284 0.259-0.308 2 

Vitamins (a) 
Vitamin A !IU!kgl 11,936 ± 2,547 8,900-22,000 25 
Vitamin D <IU/kg) 5,220 4,140-6,300 2 
a-Tocopherol (ppm) 39.1 31.1-44.0 3 
Thiamine (ppm) 18.7 ± 3.20 14.0-26.0 24(b) 
Riboflavin (ppm) 7.3 6.1-8.1 3 
Niacin (ppm) 82 65-97 3 
Pantothenic acid (ppm) 30.2 23.0-30.5 3 
Pyridoxine (ppm) 7.7 5.6-8.8 3 
Folic acid (ppm) 2.5 1.8-3.4 3 
Biotin (ppm) 0.27 0.21-0.32 3 
Vitamin B12 (ppbl 21.2 10.6-38.0 3 
Choline (ppml 3,337 3,200-3,430 3 

Minerals (a) 

Calcium (percent) 1.22 ± 0.10 1.10-1.45 25 
Phosphorus (percent) 0.96 ± 0.05 0.84-1.10 25 
Potassium (percent) 0.809 0.772-0.846 2 
Chloride (percent) 0.581 0.479-0.635 3 
Sodium (percent) 0.307 0.258-0.349 3 
Magnesium (percent) 0.165 0.151-0.177 3 
Sulfur (percent) 0.292 0.270-0.290 3 
Iron(ppml 420 409-431 3 
Manganese (ppm) 87.7 81.7-95.5 3 
Zinc(ppm) 52.1 46.1-56.0 3 
Copper (ppm) 11.15 8.09-15.70 3 
Iodine (ppm) 2.66 1.52-3.64 3 
Chromium (ppm) 1.72 1.44-1.93 3 
Cobalt (ppm) 0.64 0.49-0.78 3 

(a) Two or three batches of feed analyzed for nutrients reported in this table were manufactured in 1983 and 1984. 
(b) One batch (7/22/81) was not analyzed for thiamine. 
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TABLE J4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

·-,, ·-
Mean ± Standard 

Contaminant Deviation Range No. of Samples 

...... · . . .. ·J.::- ..... Arsenic (ppm> 0.45 ± 0.11 0.21-0.65 25 
Cadmium (ppm> (a) .. <0.1 25 
LeadCppm) .. o,95 ± o.78 0.27-2.93 25 
Mercury (ppm> (a) < 0.05 25 
Selenium (ppm) 0.28 ± 0.06 0.16-0.40 25 

Aflatoxins (ppb) (b) <10 <5.0-10.0 25 

Nitrate nitrogen (ppm) (c) 9.85 ± 4.55 0.6-19.0 25 
Nitrite nitrogen Cppm)(c) 1.92 ± 1.28 0.4-5.3 25 
BHA <ppm> (d) 5.67 ± 5.07 1.5-20.0 25 
BHT(ppm)(d> 3.35 ± 2.55 < 1.0-13.0 25 

Aerobic plate count <CFU/gJ (e) 121,420 :t 94,844 7,000-420,000 25 
Coliform <MPN/g) ({) 965 :t 991 <3·2.400 25 
E. coli CMPN/g) (f,g> 6.76 :t 7.06 <3-23 24 
E. coli <MPN/g) cf,h> 12.64 ± 29.46 <3-150 25 

Total nitrosamine& (ppbl (i,j) 4.40 ± 3.16 <1.2-12.9 24 
Total nitrosamines (ppbl (i,k) 8.29 ± 19.41 1.2·100.3 25 
N-Nitrosodimethylamine (ppbl (i,l) 3.05 ± 3.05 0.6·12.0 24 
N-Nitrosodimethylamine (ppbl (i,ml 6.89 ± 19.42 0.6-99.0 25 
N-Nitrosopyrrolidine (ppb) 1.20 ± 0.62 <0.3-2.4 25 

Pesticides (ppm) 

a-BHC(a,n) <0.01 25 
P-BHC<a> <0.02 25 
y-BHC-Lindane (a) <0.01 25 
6-BHC (aJ <0.01 25 
Heptachlor (a) <0.01 25 
Aldrin (a) <0.01 25 
Heptachlor epo~:ide (al <0.01 25 
DDE<ol <0.01 0.05 (7/14/81) 25 
DDD(a) <0.01 25 
DDT(al <0.01 25 
HCBia> <0.01 25 
Mirn (a) <0.01 25 
Metho~:ychlor (p) <0.05 0.13 (8125/81 >; 0.6 (6/29/82) 25 
Dieldrin (a) <0.01 25 
Endrin(a) <0.01 25 
Telodrin (a) <0.01 25 
Chlordane (a) <0.05 25 
To~:aphene(al <0.1 25 
Estimated PCB's (a) <0.2 25 
Ronnel(a) <0.01 25 
Ethion(a) <0.02 25 
Trithion (a) <0.05 25 
Diazinon (al <0.1 25 
Methyl parathion (a) <0.02 25 
Ethyl parathion (a) <0.02 25 
Malathion Cq) 0.08 ± 0.05 <0.05-0.25 25 
Endosulfan I (al <0.01 25 
Endosulfan II (a) <0.01 25 
Endosulfan sulfate (a) <0.03 25 
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TABLE J4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a) All values were lesa 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 ft.sh 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 ofl00.3 ppb for batch produced on 4127/81. 
(k) Mean, standard deviation, and range include the high value given in footnote i. 
(I) Mean, standard deviation, and range exclude one value of99 for batch produced on 4127/81. 
(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 ofpentachloronitrobenzene in B6C3F1 mice were audited for accuracy, consistency, completeness, and compliance with Good Laboratory Practice (GLP) regulations of the Food and Drug Administration (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 Institute, 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 conducted at the NTP Archives, Research Triangle Park, North Carolina, in October 1985 and September and October 1986 by Program Resources, Inc. The individuals involved in the audit are listed in the full audit report, which is on file at the NIEHS. The audit included a review of the following: 

(1) All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start. 

(2) All chemistry records. 

(3) Body weight and clinical observation data for a random 10% sample of the study animals. 
(4) Food consumption data for each group of animals. 

(5) All inlife records concerning environmental conditions, masses, mortality, and animal 
identification. 

(6) All postmortem records for individual animals concerning identification, disposition codes, 
condition codes, and correlation between gross observations and microscopic diagnoses. 

(7) Wet tissues from a random 10% sample of the study animals to verify animal identification 
and to examine for untrimmed lesions. 

(8) Slides and blocks of tissues from all control and high dose animals to examine for proper 
match and inventory. 

(9) 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 procedures 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 impact 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 ofthe 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. 

Pentachloronitrobenzene, NTP TR 325 122 •U.S. GOVERNIIIE:NT PRINTING orr!CE:1987-1'31-296:412BJ 



Reproduced by NTIS 
National Technical Information Service 
Springfield, VA 22161 

This report was printed specifically for your order 
from nearly 3 million titles available in our collection. 

For economy and efficiency, NTIS does not maintain stock of its vast 
collection of technical reports. Rather, most documents are printed for 
each order. Documents that are not in electronic format are reproduced from master archival copies and are the best possible reproductions 
available. If you have any questions concerning this document or any 
order you have placed with NTIS, please call our Customer Service 
Department at (703) 605-6050. 

About NTIS 
NTIS collects scientific, technical, engineering, and business related information -then organizes, maintains, and disseminates that 
information in a variety of formats -from microfiche to online services. The NTIS collection of nearly 3 million titles includes reports describing 
research conducted or sponsored by federal agencies and their 
contractors; statistical and business information; U.S. military 
publications; multimedia/training products; computer software and 
electronic databases developed by federal agencies; training tools; and technical reports prepared by research organizations worldwide. 
Approximately 100,000 new titles are added and indexed into the NTIS collection annually. 

For more information about NTIS products and services, call NTIS 
at 1-800-553-NTIS (6847) or (703) 605-6000 and request the free 
NTIS Products Catalog, PR-827LPG, or visit the NTIS Web site 

http :1/www .ntis.gov. 

NTIS 
Your indispensable resource for government-sponsored 

information-U.S. and worldwide 



llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
*P887208833* 

lllllllllllllllllllllllll 
*BA* 

BIN: M243 11-05-98 
INVOICE: 858373 
SHIPTO: 1*432828 
PAYMENT: CSH*VORNG 


