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Acronyms and Abbreviations  
 

bw   body weight 
cc   cubic centimeters 
CD   Caesarean Delivered 
CERCLA  Comprehensive Environmental Response, Compensation and Liability Act 

of 1980 
CNS   central nervous system 
cu.m   cubic meter 
DWEL   Drinking Water Equivalent Level 
FEL   frank-effect level 
FIFRA   Federal Insecticide, Fungicide, and Rodenticide Act 
g   grams 
GI   gastrointestinal 
HEC   human equivalent concentration 
Hgb   hemoglobin 
i.m.   intramuscular 
i.p.   intraperitoneal 
i.v.   intravenous 
IRIS   Integrated Risk Information System 
IUR   inhalation unit risk 
kg   kilogram 
L   liter 
LEL   lowest-effect level 
LOAEL  lowest-observed-adverse-effect level 
LOAEL(ADJ)  LOAEL adjusted to continuous exposure duration 
LOAEL(HEC)  LOAEL adjusted for dosimetric differences across species to a human 
m   meter 
MCL   maximum contaminant level 
MCLG   maximum contaminant level goal 
MF   modifying factor 
mg   milligram 
mg/kg   milligrams per kilogram 
mg/L   milligrams per liter 
MRL   minimal risk level 
MTD   maximum tolerated dose 
MTL   median threshold limit 
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NAAQS  National Ambient Air Quality Standards 
NOAEL  no-observed-adverse-effect level 
NOAEL(ADJ)  NOAEL adjusted to continuous exposure duration 
NOAEL(HEC) NOAEL adjusted for dosimetric differences across species to a human 
NOEL   no-observed-effect level 
OSF   oral slope factor 
p-IUR   provisional inhalation unit risk 
p-OSF   provisional oral slope factor 
p-RfC   provisional inhalation reference concentration 
p-RfD   provisional oral reference dose 
PBPK   physiologically based pharmacokinetic 
ppb   parts per billion 
ppm   parts per million 
PPRTV  Provisional Peer Reviewed Toxicity Value 
RBC   red blood cell(s) 
RCRA   Resource Conservation and Recovery Act 
RDDR   Regional deposited dose ratio (for the indicated lung region) 
REL  relative exposure level 
RfC  inhalation reference concentration 
RfD  oral reference dose 
RGDR  Regional gas dose ratio (for the indicated lung region) 
s.c.  subcutaneous 
SCE  sister chromatid exchange 
SDWA  Safe Drinking Water Act 
sq.cm.  square centimeters 
TSCA  Toxic Substances Control Act 
UF  uncertainty factor 
μg  microgram 
μmol  micromoles 
VOC  volatile organic compound 
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR 
p-CHLORONITROBENZENE (4-CHLORONITROBENZENE) (CASRN 100-00-5) 

 
 
Background 
 

On December 5, 2003, the U.S. Environmental Protection Agency's (EPA's) Office of 
Superfund Remediation and Technology Innovation (OSRTI) revised its hierarchy of human 
health toxicity values for Superfund risk assessments, establishing the following three tiers as the 
new hierarchy: 
 

1. EPA's Integrated Risk Information System (IRIS). 
 

2. Provisional Peer-Reviewed Toxicity Values (PPRTV) used in EPA's Superfund 
Program. 

 
3. Other (peer-reviewed) toxicity values, including: 

 
< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease 

Registry (ATSDR), 
< California Environmental Protection Agency (CalEPA) values, and 
< EPA Health Effects Assessment Summary Table (HEAST) values. 

 
A PPRTV is defined as a toxicity value derived for use in the Superfund Program when 

such a value is not available in EPA's Integrated Risk Information System (IRIS).  PPRTVs are 
developed according to a Standard Operating Procedure (SOP) and are derived after a review of 
the relevant scientific literature using the same methods, sources of data, and Agency guidance 
for value derivation generally used by the EPA IRIS Program.  All provisional toxicity values 
receive internal review by two EPA scientists and external peer review by three independently 
selected scientific experts.  PPRTVs differ from IRIS values in that PPRTVs do not receive the 
multi-program consensus review provided for IRIS values.  This is because IRIS values are 
generally intended to be used in all EPA programs, while PPRTVs are developed specifically for 
the Superfund Program. 
 

Because new information becomes available and scientific methods improve over time, 
PPRTVs are reviewed on a five-year basis and updated into the active database.  Once an IRIS 
value for a specific chemical becomes available for Agency review, the analogous PPRTV for 
that same chemical is retired.  It should also be noted that some PPRTV manuscripts conclude 
that a PPRTV cannot be derived based on inadequate data. 
 
Disclaimers 
 
       Users of this document should first check to see if any IRIS values exist for the chemical 
of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional 
Superfund and RCRA program offices are advised to carefully review the information provided 
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and 
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circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically 
updated; therefore, users should ensure that the values contained in the PPRTV are current at the 
time of use.  
 

It is important to remember that a provisional value alone tells very little about the 
adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore, 
users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths 
and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of 
Research and Development=s National Center for Environmental Assessment, Superfund Health 
Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may 
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not 
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund 
Program. 
 
Questions Regarding PPRTVs 
 
       Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on 
chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed 
to the EPA Office of Research and Development=s National Center for Environmental 
Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI. 
       
 
 INTRODUCTION 
 

No RfD for p-chloronitrobenzene is listed in the HEAST (U.S. EPA, 1997).  The 
chemical is not listed on IRIS (U.S. EPA, 2002), or on the Drinking Water Standards and Health 
Advisories list (U.S. EPA, 2000a), and has not been considered by the RfC/RfD Work Group.  A 
Health and Environmental Effects Profile (HEEP) for chloronitrobenzenes (U.S. EPA, 1985) did 
not contain data suitable for deriving an oral RfD for p-chloronitrobenzene.  No additional 
documents for p-chloronitrobenzene are included in the CARA list (U.S. EPA, 1991a, 1994a).  A 
draft Health and Environmental Effects Document (HEED) on chloronitrobenzenes, prepared by 
SRC (1992) for NCEA, derived a provisional chronic oral RfD of 1E-3 mg/kg-day for p-
chloronitrobenzene.  The RfD was based on a NOAEL of 0.1 mg/kg-day for methemoglobinemia 
and other hematological changes in Sprague-Dawley rats gavaged with 0.7 mg/kg-day for two 
years (Bio/Dynamics, Inc., 1985).  In this derivation, an uncertainty factor of 100 (10 to 
extrapolate from animals to humans and 10 to protect sensitive individuals) was applied to the 
NOAEL.  The draft HEED proposed to use the chronic RfD as the provisional subchronic RfD 
for p-chloronitrobenzene because subchronic oral data were available only in abstract form at the 
time and could not be fully evaluated. 
 

The HEAST does not list an RfC for p-chloronitrobenzene and the HEEP did not contain 
any inhalation toxicity data for the compound.  The draft HEED (SRC, 1992) derived a 
provisional subchronic inhalation RfC of 2E-2 mg/m3 for p-chloronitrobenzene.  The subchronic 
RfC was based on a preliminary report of a subchronic inhalation assay by NTP, later published 
in 1993.  This study reported anemia, methemoglobinemia and liver effects in rats exposed to p-
chloronitrobenzene vapor at a LOAEL of 9.67 mg/m3, 6 hours/day, 5 days/week for 13 weeks 
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(NTP, 1993a; Travlos et al., 1996).  The draft HEED derived a provisional chronic RfC of 2E-3 
mg/m3 for p-chloronitrobenzene by applying an additional uncertainty factor of 10 (for the use of 
a subchronic study) to the subchronic RfC.  ACGIH (1992, 2001) established a TLV-TWA of 
0.1 ppm (0.64 mg/m3 for p-chloronitrobenzene, with a skin notation, to protect against anemia, 
anoxia and liver effects resulting from methemoglobin formation.  NIOSH (2002) lists a skin 
notation, but does not list a REL-TWA for p-chloronitrobenzene, because of  reported 
carcinogenicity in exposed animals (vascular and hepatic tumors).  OSHA (2002) established a 
permissible exposure limit of 1 mg/m3 with a skin notation for p-chloronitrobenzene to protect 
against methemoglobinemia and, at higher levels, damage to the spleen, liver and kidney. 
 

The HEAST lists p-chloronitrobenzene (4-chloronitrobenzene) as a Group B2, possible 
human carcinogen, based on no evidence in humans and positive evidence in mice.  This 
assessment was derived in the HEEP (U.S. EPA, 1985) following the guidelines for carcinogen 
risk assessment proposed at that time (U.S. EPA, 1984); as discussed below (Provisional 
Carcinogenicity Assessment), the weight-of-evidence classification would have been Group C 
under the final 1986 guidelines (U.S. EPA, 1986).  U.S. EPA (1985) calculated a human q1* of 
1.8E-2 per (mg/kg-day) based on the incidences of vascular tumors in male mice exposed to p-
chloronitrobenzene in the diet for 18 months (Weisburger et al., 1978).  Reviewing the same 
data, the draft HEED (SRC, 1992) assigned p-chloronitrobenzene to weight-of-evidence Group 
C, possible human carcinogen, and calculated a human q1* of 1.2E-2 per (mg/kg-day).  This 
derivation, following EPA (1986) guidance, employed the cube root of the body weight ratio for 
scaling from animal to human doses.  IARC (1996) determined that p-chloronitrobenzene is not 
classifiable as to its carcinogenicity to humans (Group 3) based on an absence of data in humans 
and inadequate data in animals. 
 

ATSDR (2002) and the WHO (2002) have not reviewed the toxicology of 
p-chloronitrobenzene.  A draft Health and Environmental Effects Document on 
chloronitrobenzenes (SRC, 1992), toxicity reviews on aromatic nitro, amino and nitro-amino 
compounds and their halogenated derivatives (Weisburger and Hudson, 2001; Woo and Lai, 
2001) and the NTP (2002a, 2002b) management status report and health and safety report for 
p-chloronitrobenzene were consulted for relevant information.  Literature searches were 
conducted for the period from 1985 to September 2001 to identify data relevant for the 
derivation of a provisional RfD, RfC and cancer assessment for p-chloronitrobenzene.  The 
following databases were searched: TOXLINE, MEDLINE, CANCERLIT, TOXLIT/BIOSIS, 
RTECS, HSDB, GENETOX, CCRIS, TSCATS, EMIC/EMICBACK and DART/ETICBACK.   
 
 
 REVIEW OF PERTINENT DATA 
 
Human Studies 
 

No data were located regarding oral exposure of humans to p-chloronitrobenzene.  In 
acute or subchronic occupational exposures to p-chloronitrobenzene, the chemical is thought to 
have been absorbed by inhalation and also percutaneously (ACGIH, 1992; NIOSH, 2002).  
Following a combined accidental inhalation-dermal exposure to p-chloronitrobenzene, 8 
dockworkers were hospitalized with headache, nausea, cyanosis, and anemia due to 
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methemoglobinemia (Yoshida et al., 1992, 1993); collected excreted metabolite data indicated 
that the workers absorbed a total of 12-76 mg/kg of p-chloronitrobenzene (SRC, 1992).  Workers 
exposed intermittently to p-chloronitrobenzene for 0.5 to 1 hour/day over several months to 
concentrations ranging from 7 to 400 mg/m3 (average 90 mg/m3) reported symptoms of 
tiredness, loss of appetite, headache and afternoon fatigue (NIOSH, 2002). 
 
Animal Studies 
 

Oral toxicity data for p-chloronitrobenzene include two subchronic gavage studies in rats, 
a chronic gavage study in rats, chronic feeding cancer bioassays in rats and mice, reproductive 
gavage studies in rats and mice, and a developmental toxicity gavage study in rabbits.  The 
inhalation toxicity of p-chloronitrobenzene has been evaluated in subchronic studies in rats and 
mice. 
 

In a 4-week study, Monsanto (1994b) fed groups of Sprague-Dawley (Crl: COBS7CD7 
(SD)BR) rats (10/sex/group) p-chloronitrobenzene in food at measured doses of 0, 12.6, 33.1, 
66.8, 97.6 or 223.5 mg/kg-day for males and 0, 14.2, 34.8, 73.1, 112.4 or 257.1 mg/kg-day for 
females. Animals were observed daily for mortality and clinical signs.  Body weight and food 
consumption were recorded weekly.  Animals dying spontaneously and all survivors at 
termination were given a gross necropsy.  The only mortality occurred among high-dose females 
(3/10).  Body weight gain was significantly reduced in males at $66.8 mg/kg-day and females at 
$112.4 mg/kg-day; decreases in food consumption were dose-related in males and occurred at 
the high-dose and transiently in the 73.1 and 112.4 mg/kg-day groups in females.  Paleness of 
eyes, ears and feet was observed at $33.1 mg/kg-day.  Cyanosis was observed in the $97.6 
mg/kg-day groups; other signs of physical deterioration (emaciation, squinting eyes and 
piloerection) were considered to be secondary to cyanosis.  All treated groups, but no control 
rats, exhibited splenomegaly and abnormally colored spleens.  Abnormal coloration of the 
kidneys occurred in males at $12.6 mg/kg-day and females at $34.8 mg/kg-day.  Discolorations 
were attributed to anemia, bilirubinemia from erythrocyte destruction, and methemoglobin.  
Testicular atrophy occurred at the highest dose.  The lowest dose of 12.6 mg/kg-day was a 
LOAEL for splenomegaly and abnormal coloration of the spleen in male and female rats. 
 

Monsanto (1994a) administered 0, 3, 10 or 30 mg/kg-day of  p-chloronitrobenzene 
(99.12% purity) to groups of Sprague-Dawley [Crl:COBS CD7 (SD)BR] rats (20/sex/group) by 
gavage in corn oil daily for 90 days.  Body weight and food consumption were recorded weekly 
as part of a thorough physical examination.  At weeks 7 and 13, 10 rats/sex/group were given 
hematological and clinical chemistry examinations.  All rats surviving at 13 weeks were given a 
complete gross necropsy, at which time selected organ weights were recorded (brain, heart, 
adrenals, pituitary, kidneys, liver, testis, spleen).  Lesions or abnormal masses and 27 tissues 
were retained for microscopic examination.  All tissues were examined from control and high-
dose animals.  Tissues showing statistically significant alterations from controls (spleen, liver 
and kidney) were examined in low- and mid-dose animals.  No compound-related effects were 
observed on mortality or body weight.  Weekly food consumption by males showed dose-related 
increases that were significantly different from the control in the mid- and high-dose groups after 
two weeks of treatment; there was no consistent pattern for food consumption in females.  The 
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only treatment-related clinical sign was general paleness observed immediately after dosing in 
high-dose males and medium- and high-dose females.  Methemoglobin levels were significantly 
elevated in all treated groups at 7 and 13 weeks.  In addition, at 13 weeks, significantly 
decreased hemoglobin, hematocrit and erythrocyte counts, and increased reticulocytes and 
urinary urobilinogen were observed in both sexes in all treated groups.  Relative spleen weights 
were elevated at $3 mg/kg-day and absolute spleen weights at $10 mg/kg-day in both sexes.  
Absolute and relative organ weights were elevated in the kidney in males at $10 mg/kg-day, and 
in the liver in both sexes and in the heart of females at 30 mg/kg-day.  Gross and  
histopathological changes were observed in the spleen: hemosiderosis, excessive hematopoiesis, 
congestion, and vacuolization of red pulp in both sexes at $3 mg/kg-day and splenomegaly at 
$10 mg/kg-day.  In both sexes, hemosiderosis (not statistically significant in high dose females) 
and extramedullary hematopoiesis were observed in the liver at $10 mg/kg-day, and 
hemosiderosis in the kidney and hyperplasia of the bone marrow were observed at 30 mg/kg-day. 
 In this study, 3 mg/kg-day is a subchronic LOAEL for effects on erythrocytes 
(methemoglobinemia, anemia) and the spleen (increased organ weight, hemosiderosis, 
hematopoiesis, congestion, vacuolization of red pulp) in both sexes; a NOAEL was not identified 
in this study. 
 

Bio/Dynamics, Inc. (1985) administered 0, 0.1, 0.7 or 5.0 mg/kg-day of p-
chloronitrobenzene (>99% purity) to groups of CD7 (Sprague-Dawley-derived) rats (60 
rats/sex/group) by gavage in corn oil for 24 months.  Rats were examined twice daily for 
mortality and clinical signs and given a thorough physical examination weekly, including 
palpation for tissue masses.  Ophthalmoscopic examinations were given before testing and at 
months 3, 12 and 24.  Body weights and food consumption were recorded twice weekly for the 
first 14 weeks and biweekly thereafter.  Before exposure and after 6, 12, 18 and 24 months of 
exposure, 10 rats/sex/group were evaluated for hematology, clinical chemistry and urinalysis; 
hematology was also analyzed at 10 months.  All rats were given a complete gross necropsy, at 
which time selected organ weights were recorded (brain, heart, adrenals, kidneys, liver, testes, 
ovaries, spleen) and 32 tissues were retained for microscopic examination.  Lesions or abnormal 
masses were examined for histopathology in all animals; all body tissues posterior to the head 
were examined in all control and high-dose animals and the testes, epididymides and spleens 
were examined in all low- and mid-dose animals.  p-Chloronitrobenzene had no consistent effect 
on mortality, body weight, food consumption, ophthalmoscopic examination, clinical chemistry 
or urinalysis results.  Statistically significant increases in blood methemoglobin concentrations 
were observed in the high-dose groups beginning at 6 months and in mid-dose groups beginning 
at 10 months; significant elevations were maintained in those groups at all subsequent time 
points.  Slight, but statistically significant, anemia (reduced hemoglobin, hematocrit and 
erythrocyte count) was observed in both sexes at 5.0 mg/kg-day from 6 to 18 months.  At 24 
months, indices of anemia in high-dose males were not statistically different from control values; 
the authors indicated that mean control values were abnormally low because of anemia in three 
control males.  At 24 months, erythrocyte and hemoglobin counts were still reduced in high-dose 
females.  Reticulocytes in both sexes and platelet counts in females were significantly elevated at 
the high dose at 12 and 18 months.  High-dose animals had elevated spleen weights and a slight 
increase in incidence and/or severity of hemosiderin accumulation.  All treated male groups had 
non-statistically significant increases in absolute (>17-26%) and relative (>18-27%) testicular 
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weights compared to controls.  The incidence of interstitial cell tumors of the testes (1/60, 4/59, 
5/60 and 6/60 in the control and treated groups respectively) was elevated in high-dose males 
compared to controls; however, the incidence in high-dose males (10%) was nearly identical to 
the historical control mean (9.8%) and the statistical significance appeared to be related to an 
atypically low incidence in the concurrent control group (1.7%, compared to the historical range 
of 3.4 to 23.4%).  In this study, 0.1 mg/kg-day is a NOAEL and 0.7 mg/kg-day is a LOAEL for 
effects on erythrocytes (methemoglobinemia) in male and female rats. 
 

In a carcinogenicity study of 21 aromatic compounds, Weisburger et al. (1978) fed 
groups of male CD rats (25/group) diets containing 0, 2000 or 4000 ppm of p-chloronitrobenzene 
(97-99% purity) for three months, then diets containing 0, 250, or 500 ppm for two months, and 
then diets containing 0, 500, or 1000 ppm for 13 months, followed by control diets for an 
observation period of six months.  The time-weighted-average dietary levels over the 18-month 
exposure period were 0, 722 and 1444 ppm.  Using the reference rat values for food consumption 
and body weight in U.S. EPA (1987), the doses are calculated as 0, 50 or 99 mg/kg-day.  Rats 
that died during the first six months were discarded without necropsy.  Remaining rats were 
given a complete gross necropsy; gross lesions, tissue masses, and selected organs (lung, liver, 
spleen, kidney, adrenal glands, heart, urinary bladder, stomach, intestines, reproductive organs 
and pituitaries) were examined for histopathology.  Information on survival, body weight gain, 
or nonneoplastic lesions was not reported.  No tumor increase was observed in treated rats 
compared to matched or >pooled= controls.  (>Pooled= controls included all 111 control male rats 
used during the period in which the 21 chemicals were tested.). 
 

Weisburger et al. (1978) also fed groups of CD-1 mice (25/sex/group) diets containing 0, 
3000 or 6000 ppm of p-chloronitrobenzene (97-99% purity) for 18 months, followed by control 
diets for an observation period of three months.  Using the reference mouse values for food 
consumption and body weight in U.S. EPA (1987), the doses during the 18-month exposure 
period are calculated as 0, 515 and 1029 mg/kg-day for males and 0, 518 and 1036 mg/kg-day 
for females.  Mice that died during the first six month were discarded without necropsy.  
Remaining mice were given a complete gross necropsy; gross lesions, tissue masses and selected 
organs (lung, liver, spleen, kidney, adrenal glands, heart, urinary bladder, stomach, intestines and 
reproductive organs) were examined for histopathology.  Information on survival, body weight 
gain or nonneoplastic lesions was not reported.  The incidence of hepatocellular carcinoma in 
male mice (1/14, 4/14 and 0/14 in control, low- and high-dose groups, respectively) was not 
significantly increased by treatment compared to matched controls, but the incidence in the low-
dose group was significantly higher than >pooled= male controls (7/99).  Hepatocellular 
carcinoma was not observed in female mice.  The incidences of vascular tumors in both sexes 
(0/14, 2/14 and 4/14 in matched control, low- and high-dose males, respectively and 0/15, 2/20 
and 7/18 in matched control, low- and high-dose females, respectively) were significantly 
increased in the high-dose groups compared to current or pooled (5/99 males and 9/102 females) 
controls. 
 

Several studies evaluated the reproductive toxicity of p-chloronitrobenzene in orally-
exposed rodents.  Bio/Dynamics, Inc. (1984) conducted a two-generation reproductive toxicity 
study in Sprague-Dawley CD7 rats.  Groups of 15 males and 30 females in the F0 generation and 
groups of 60 males and 120 females in the F1 generation were administered 0, 0.1, 0.7 or 5.0 
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mg/kg-day of p-chloronitrobenzene by gavage in corn oil during premating, mating, gestation 
and lactation periods.   F0 adults were exposed for 167 days (100 days premating) and F1 adults 
were exposed for 217-219 days (120 days from birth to mating).  F0 adults were sacrificed after 
weaning of the F1 offspring, and F1 adults were sacrificed 5 weeks after weaning of the F2 
offspring; F2 offspring were sacrificed at weaning.  Complete gross necropsies were conducted 
for all animals and included uterine implantation sites for females and internal sex determination 
for weanlings.  Selected tissues were preserved for all F0 and F1 adults, and 40 randomly selected 
weanlings (5/sex/group) from both the F1 and F2 generations.  The testes and epididymides were 
evaluated for control and high-dose F0 males (15/group).  Complete histopathological 
evaluations were performed for 40 F1 weanlings (5/sex/group), 80 F1 adults (10/sex/group), and 
40 F2 weanlings (5/sex/group).  Adults and litters were examined twice daily for mortality and 
clinical signs; all generations received a weekly physical examination.  Body weights were 
recorded weekly; in addition, female body weights were recorded on days 0, 6, 15 and 20 of 
gestation and days 0, 4, 14, and 21 of lactation.  Food consumption in males was monitored 
weekly except during the mating period.  On days 0, 4, 14 and 21 of lactation, pup mortality, 
number of live pups by sex, live pup body weights, and external sexing criteria (ano-genital 
distance) were recorded for each litter.  There were no consistent treatment-related effects on 
survival, adult body weights, food consumption, gestation length, litter size, pup survival or pup 
weights.  Slight decreases (not statistically significant) in male fertility and female mating index 
and pregnancy rate were observed in the high-dose F0 group.  A statistically significant decrease 
in F1 pup survival at the high dose was attributed to the loss of two whole litters; similarly, two 
low-dose litters were lost among the F2 offspring.  The investigators did not consider these 
results treatment-related because they did not show a dose-response relationship.  Histological 
examination of tissues from control and high-dose males revealed bilateral oligospermia in the 
epididymides and bilateral or unilateral degeneration of the testicular germinal epithelium in 
3/15 high-dose F0 animals; the fertility index of these males was reduced.  All examined F1 
adults (control and treated) exhibited hemosiderosis of reticuloendothelial cells and 
extramedullary hematopoiesis in the spleen, but the intensity appeared to be higher in high-dose 
animals.  In this study, 0.7 mg/kg-day is a NOAEL and 5 mg/kg-day is a LOAEL for testicular 
effects (oligospermia, degeneration, reduced fertility) in males and splenic effects (increased 
intensity of hemosiderosis and hematopoiesis) in both sexes. 
 

NTP (1993a) evaluated the effects of p-chloronitrobenzene (~99% purity) on fertility and 
reproduction in Swiss CD-1 mice.  In a 2-week range-finding study, groups of 8 mice/sex 
received 0, 40, 80, 160, 320 or 640 mg/kg-day of p-chloronitrobenzene in corn oil by gavage.  
Clinical signs, body weights and water consumption data were recorded.  All mice in the 640 
mg/kg-day group died or were sacrificed moribund; other deaths in treatment and control groups 
were attributed to gavage trauma.  Treatment had no adverse effect on terminal body weights.  
Decreased water consumption was observed in both sexes receiving 640 mg/kg-day, in females 
receiving 320 mg/kg-day during week 1, and in females receiving 40 mg/kg-day during week 2. 
Mice receiving 160 or 320 mg/kg-day became cyanotic.  On the basis of these results, doses 
between 62.5 and 250 mg/kg-day were selected for the continuous breeding study. 
 

In the continuous breeding study, NTP (1993a) gavaged groups of 20 breeding pairs of 
Swiss CD-1 mice (F0 generation) daily with 62.5, 125 or 250 mg/kg-day of p-chloronitrobenzene 
in corn oil, and a group of 40 breeding pairs with corn oil only for a 7-day pre-cohabitation 
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period and a 98-day cohabitation period (F0 generation).  Reproductive endpoints included 
average numbers of litters/pair, average number of live pups per litter, the proportion of pups 
born alive, the sex ratio of pups, and pup body weight.  Adult endpoints included body weights 
(recorded after each delivery and at termination) and water consumption.  Excluding deaths from 
gavage trauma or fight injuries, mortality in F0 mice (not reported by sex) was not significantly 
affected by treatment (1/80, 2/40, 1/40 and 5/40 in the control, low-, mid- and high-dose groups, 
respectively).  F0 dam weights were significantly larger in the mid- and high-dose groups than in 
controls.  Water consumption was significantly reduced in the high-dose mice.  Five sets of 
litters were produced during the cohabitation period.  The fertility index (fertile pairs/cohabiting 
pairs) was reduced in all groups, including controls, by the time of the last litter.  The fertility 
index of the third and fourth sets of litters was significantly reduced in the high-dose group 
compared to controls.  Treatment had no effect on the cumulative days to litter, the average 
number of live pups per breeding pair, or the sex ratios of pups.  Reductions in male and female 
pup weights were significantly significant in all five sets of litters from the mid- and high-dose 
groups, and reductions in male pup weights were statistically significant in the second and fourth 
sets of litters in the low-dose group.  For the final F1 set of litters, total pup survival (to postnatal 
day 21) was reduced in the mid- and high-dose groups.  There were no clinical signs of toxicity. 
 

 Following the continuous breeding of F0 mice, the final litter (F1) of the control and 
high-dose pairs was raised with the same treatment as the parents.  After weaning of the F1 mice, 
non-siblings were housed for mating for 7 days and housed singly through delivery of F2 pups; 
the same reproductive endpoints were monitored.  In addition, F1 adult endpoints included body 
weight, water consumption, sperm morphology and vaginal cytology; at termination, F1 adults 
were necropsied and selected organ weights (liver, kidney and reproductive organs) were 
recorded.  Treatment (250 mg/kg-day) of F1 mice had no effect on water consumption or body 
weight at the time of mating, but most were cyanotic.  At necropsy, absolute and relative liver 
weights were significantly greater that in controls.  Spleens were not weighed, but were observed 
to be enlarged and dark in dosed mice.  Average estrous cycle length was significantly increased 
in treated F1 females, but treatment had no effect on sperm morphology.  Treatment had no effect 
on mating, pregnancy, fertility indices, average days to litter, or mean dam weight at delivery.  
There was no significant effect on survival or sex ratios of F2 pups, but the total number of live 
pups per breeding pair and male and female pup weights were significantly reduced.  Treated F2 
pups showed no clinical signs of toxicity.  Although methemoglobin levels were not measured in 
this study, NTP (1993a) attributed the reduced pup weights to methemoglobinemia-related 
hypoxia.  In this study, 62.5 mg/kg-day is a LOAEL for reduced body weight of male mouse 
pups; no NOAEL was identified in this study. 

 
Bio/Dynamics, Inc. (1982) evaluated developmental toxicity in groups of 18 pregnant 

New Zealand White rabbits gavaged with 0, 5, 15 or 40 mg/kg-day of p-chloronitrobenzene 
(99.43% purity) in corn oil on gestational days (GD) 7-19.  Does were examined twice daily for 
mortality and clinical signs; they received a detailed physical examination on GD 0, 7, 10, 15, 
19, 25 and 30.  Body weights were recorded on GD 0, 7, 19 and 30.  Surviving does were 
sacrificed on GD 30 and given a complete gross necropsy during which spleen weights and 
uterine implantation data were recorded.  All fetuses were evaluated for external malformations, 
and half for soft tissue or skeletal malformations.  Treatment at 40 mg/kg-day resulted in 
significant mortality (8 dams died and 2 females had aborted their pregnancies during GD 13-
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22); treatment was terminated and no internal or fetal data were collected for this group.  
Treatment at 5 or 15 mg/kg-day had no significant effect on maternal mortality, pregnancy rate, 
body weight, or mean spleen weight.  High-dose animals exhibited grayish/pale eyes on GD 10, 
15 and 19; soft stools were noted for several animals in all treated groups on GD 19.  No 
compound related effect was noted at the 5 or 15 mg/kg-day levels in uterine implantation data 
(numbers of implants, fetuses, resorptions, mean percentage of resorptions/fetuses to implants), 
fetal weight, sex ratio, the incidence of external or soft tissue malformations, or fetal ossification 
variation data.  The incidences of fetuses with malformation and litters containing affected 
fetuses were increased in low- and mid-dose groups, but were not statistically significant.  In this 
study, the middle dose of 15 mg/kg-day was a NOAEL for maternal effects in rabbits and 40 
mg/kg-day was a FEL for mortality and spontaneous abortion.  The middle dose of 15 mg/kg-day 
was also a NOAEL for fetal effects.  p-Chloronitrobenzene does not appear to be a specific 
developmental toxicant in rabbits. 
 

The data set for inhalation toxicity of p-chloronitrobenzene is less extensive than for the 
oral route.  No chronic inhalation studies and no developmental or reproductive studies are 
available.  In a subchronic inhalation study, groups of F344/N rats (10/sex/group)were whole 
body exposed to 0, 1.5, 3, 6, 12 or 24 ppm (0, 9.7, 19.1, 38.5, 77.3 or 154 mg/m3) of p-
chloronitrobenzene vapor, 6 hours/day, 5 days/week for 13 weeks (NTP, 1993a; Travlos et al., 
1996).  Supplemental groups of 10 rats/sex/group were designated for clinical pathology testing 
at interim time points (days 3 and 23).  Body weights were recorded weekly and at termination.   
Animals in the 0, 6, 12 and 24 ppm groups were examined for reproductive parameters: 
spermatid morphology, spermatozoan motility, and weights of left reproductive organs in males, 
and vaginal cytology and estrous cycle duration and stage lengths in females.  At termination, all 
surviving rats were necropsied for gross lesions, and weights of heart, right kidney, liver, lungs, 
spleen, right testis and thymus were recorded.  A battery of 32 tissues and organs from all 
animals was processed for histological examination; complete histopathological examination 
was performed on all rats in the control and highest exposure groups, and all rats that died prior 
to study termination. 
 

There were no exposure-related effects on survival, body weight or the incidence of 
clinical signs (NTP, 1993a; Travlos et al., 1996).  Significant dose-related hematological changes 
were observed in all treated groups.  Methemoglobinemia and abnormal erythrocyte morphology 
were observed at $1.5 ppm beginning on day 3.  Other hematological effects (anemia and/or 
leukocytosis) were observed at higher doses on day 3, but were observed in all treated groups by 
week 13.  Clinical chemistry changes indicative of liver damage or altered liver function were 
observed.  In both sexes, sorbitol dehydrogenase was increased on day 3 at $6ppm and on day 23 
only at higher doses; values were similar to controls on week 13.  Bile acids were generally 
increased in males exposed to $3 ppm at all three time points; in females, bile acids were 
increased in nearly all treatment groups (except 3 ppm) on day 3, at $12 ppm on day 23, and 
were not different from controls at 13 weeks.  Statistically significant increases were observed at 
$3 ppm in absolute spleen weight in both sexes, relative spleen weight in males, and absolute 
liver weight in females, at $6 ppm in relative weights of spleen and liver in females, at $12 ppm 
in relative and absolute thymus weights in females, and at 24 ppm in relative and absolute 
thymus weights in males and kidney weights in both sexes.  At 24 ppm, there were significant 
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reductions in the weights of the right and left testis, left epididymis and left cauda epididymis, 
and in the number of spermatid heads per testis and spermatid count in males.  The length of the 
estrous cycle was significantly increased in females exposed at $6 ppm (the 1.5 and 3 ppm 
groups were not analyzed).  Histopathological lesions of the spleen in both sexes included 
congestion and hemosiderin deposition at $1.5 ppm, hematopoietic cell proliferation at $3ppm 
and capsular fibrosis at $6ppm.  Hematopoietic cell proliferation was also observed in the bone 
marrow in females at $3ppm and in males at $6ppm.  Kidney lesions included hyaline droplet 
nephropathy in males at $1.5 ppm, and renal tubule pigmentation in females at  $6ppm and in 
males at  $12 ppm.  Hemosiderin deposition in Kupffer cells of the liver was observed in females 
at $6ppm and in males at $12 ppm.  Chronic inflammation of the Harderian gland was observed 
in females at  $12 ppm, and in males at 24 ppm.  At 24 ppm, males exhibited atrophy of the 
testes characterized by reduced cellularity of seminiferous tubules.  The lowest exposure level of 
1.5 ppm (9.7 mg/m3) is a LOAEL for effects on erythrocytes (methemoglobinemia, structural 
abnormalities) and spleen (congestion and hemosiderin deposition) in both sexes.  The hyaline 
droplet nephropathy observed in male rats at this exposure is of questionable relevance to 
humans (U.S. EPA, 1991b). 
 

NTP (1993a; Travlos et al., 1996) also evaluated the subchronic inhalation toxicity of p-
chloronitrobenzene in B6C3F1 mice exposed under the same conditions as rats.  The analysis of 
toxicity in mice was the same as for rats, except than no hematology or clinical chemistry data 
were collected.  There were no exposure-related effects on mortality, body weight, or the 
incidence of clinical signs.  Significant increases in absolute right kidney weight were observed 
in males at $1.5 ppm and in females at $3 ppm; relative kidney weight was increased in females 
at 24 ppm.  Absolute and relative liver weights were increased in males at $12 and 24 ppm, 
respectively, and in females at $12 and 6 ppm, respectively.  Absolute and relative spleen 
weights were increased in both sexes at $12 ppm.  Treatment-related gross lesions included 
enlarged and darkened spleens in males at 24 ppm and females at $12 ppm.  Significant 
histopathological lesions of the spleen in both sexes included hemosiderin deposition and 
hematopoietic cell proliferation at $12 ppm and congestion at 24 ppm.  In the liver of mice 
exposed to 24 ppm, hemosiderin deposition was observed in both sexes, and single cell necroses 
and centrilobular cytoplasmic basophilia were observed in males.  Other significant lesions 
observed at 24 ppm were squamous cell hyperplasia, hemosiderin deposition and erythrocyte 
fragments in the bone marrow in both sexes, and hyperplasia of the forestomach in females.  The 
estrous cycle length was significantly increased in females exposed to 24 ppm, but no 
reproductive effects were observed in males.  Increases in organ weights in the absence of 
histopathology may be considered adaptive.  In this study, 6 ppm (38.5 mg/m3) is a NOAEL and 
12 ppm (77.3 mg/m3) is a LOAEL for splenic lesions (hemosiderin deposition and hematopoietic 
cell proliferation) in male and female mice exposed to p-chloronitrobenzene. 
 

Other inhalation toxicity studies on p-chloronitrobenzene are less useful for risk 
assessment.  In a 4-week study, groups of Sprague-Dawley rats (10/sex/group) were exposed 
(whole body) to p-chloronitrobenzene vapor (>99% purity) in ethylene glycol monoethyl ether at 
concentrations of 5, 15 or 45 mg/m3 for 6 hours/day, 5 days/week (Nair et al., 1986).  Control 
animals were exposed to 2000 mg/m3 of ethylene glycol monoethyl ether; there was no air-only 
group.  Rats were examined twice daily for signs of toxicity and mortality and given complete 
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physical examinations weekly; body weights were recorded weekly.  All rats were given an 
ophthalmoscopic examination prior to initiation of exposure and just prior to termination of the 
study.  After 2 weeks of exposure, hematology parameters and methemoglobin levels were 
determined for 10 rats/sex/group.  Just prior to terminal sacrifice, blood was harvested from 10 
rats/sex/group for hematology, clinical chemistry, and methemoglobin determination.  At 
termination, all surviving animals were necropsied and organ weights were recorded for brain, 
testes, kidneys, liver, lungs and spleen.  Microscopic examinations of gross lesions and 37 
tissues/organs, including nasal turbinates, were conducted for 10 rats/sex from the control and 
high-exposure groups; spleens from the low- and mid-exposure rats were also examined for 
histopathology.  There were no compound-related effects on mortality, body weight, clinical 
chemistry, or the results of ophthalmologic examination.  Cyanosis was observed in all treated 
groups, increasing in intensity with exposure.  Hematological analyses demonstrated 
methemoglobinemia had developed after 2 weeks of exposure at the two highest levels.  
Statistically significant changes in hematological parameters at 4 weeks included: at $5 mg/m3, 
increased methemoglobin in males and decreased hematocrit in females; at $15 mg/m3, 
increased methemoglobin in females and reduced erythrocytes in both sexes, and at 45 mg/m3, 
reduced hematocrit in males and reduced hemoglobin and increased white cell count in both 
sexes.  Absolute and relative spleen and liver weights were elevated at 45 mg/m3 in males and, 
except for the absolute liver weight, in females.  Microscopic changes in the spleen (congestion, 
increased medullary hematopoiesis and hemosiderosis) were observed at all treated groups, 
increasing in severity with increased exposure.  At the lowest exposure level of 5 mg/m3, toxicity 
was observed in erythrocytes (methemoglobinemia, reduced hemoglobin and hematocrit, 
reduced cell levels), and the spleen (hemosiderosis) of male and female rats exposed to p-
chloronitrobenzene for 4 weeks.  However, since these results are confounded by the presence of 
high loads of ethylene glycol monoethyl ether, which also affects the blood, this study is not 
useful for risk assessment. 
 

In a two-week study, groups of 16 male Sprague-Dawley [Crl:CD7 (SD)BR] rats were 
exposed (head only) to 50, 290 or 640 mg/m3 of mixed p-chloronitrobenzene (99.2% purity) 
vapors and aerosols for 6 hours/day, 5 days/week (Haskell Laboratories, 1984); controls were 
exposed to air only.  Analysis of mid- and high-exposure levels revealed, respectively, MMAD 
sizes of 10.3 and 22.6 μm, σ g values of 1.5 and 2.8, and respirable fractions of 65.4 and 33.5%.  
Treatment had no effect on survival or body weight gain.  Stained fur, pallor and alopecia were 
observed in the $290 mg/m3 groups and hyperactivity in the 640 mg/m3 group.  
Methemoglobinemia (increased methemoglobin, reduced erythrocyte and hemoglobin measures) 
was observed in all exposed groups.  Dose-dependent trends were observed for increased splenic 
weight and decreased testes weight; relative liver and kidney weights were increased in the $290 
mg/m3 groups.  Splenic effects (splenomegaly, dark coloration, hyperplastic red pulp, 
congestion, increased erythropoiesis, hemosiderosis) were observed in all exposed groups.  Rats 
exposed at $290 mg/m3 had decreased mean testes weight, degenerated spermatic contents of the 
epididymis, and increase degeneration of seminiferous tubules; the ratio of myeloid to erythroid 
bone marrow was decreased in these rats.  The lowest concentration, 30 mg/m3 was a LOAEL 
for adverse effects on erythrocytes (methemoglobinemia, anemia) and the spleen (splenomegaly, 
hemosiderosis, congestion, hyperplastic red pulp, increased erythropoiesis) in male rats exposed 
to p-chloronitrobenzene for two weeks. 
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Genotoxicity assays for p-chloronitrobenzene were primarily negative in bacteria, but 
were more often positive in mammalian systems, possibly reflecting a requirement for 
bioactivation.  p-Chloronitrobenzene did not induce reverse mutations in Salmonella 
typhimurium strains TA98, TA1530, TA1537, TA1538, TA1532, TA1950, TA1975, TA1978 or 
G46 with or without metabolic activation, or in strain TA98NR with activation, and yielded 
conflicting results in strains TA100 and TA1535 with or without metabolic activation (U.S. 
EPA, 1985; NTP, 1993a; IARC, 1996).   p-Chloronitrobenzene gave negative results in the 
Escherichia coli SOS chromotest (IARC, 1996).  It did not induce heritable sex-linked recessive 
lethal mutations in Drosophila melanogaster when administered in feed to larvae or adults or 
when injected into adults (IARC, 1996).  p-Chloronitrobenzene induced sister chromatid 
exchanges (SCE) in cultured Chinese hamster ovary cells (CHO) in the presence of S9 (NTP, 
1993a; IARC, 1996).  With or without S9, it induced chromosomal aberrations in CHO cells, but 
only at cytotoxic concentrations (IARC, 1996).  p-Chloronitrobenzene did not induce 
chromosomal aberrations in peripheral blood obtained from a human male donor (Huang et al., 
1996).  When intraperitoneally injected into Swiss CD-1 mice, p-chloronitrobenzene induced 
DNA single-strand breaks in the liver, kidney and brain (IARC, 1996). 
 

p-Chloronitrobenzene administered by gavage to rats was found to form hemoglobin 
adducts at a high rate compared to other nitroarenes, but less than its metabolite p-chloroaniline 
(Sabbioni, 1994).   The hemoglobin binding index [(mmol compound/mol hemoglobin)/(mmol 
compound/kg body weight)] was 215.4 " 5.0 for p-chloronitrobenzene and 569.0 for 
p-chloroaniline.  This activity was attributed to the reducibility of the nitro group.  
 

In pharmacokinetic studies in male F344 rats, approximately 86-93% of a single oral 
dose of p-chloronitrobenzene was absorbed (NTP, 1993a).  In male F344 or Sprague-Dawley rats 
given a single oral radiolabeled dose (200 mg/kg), urinary excretion was the main route of 
elimination (NTP, 1993a; Monsanto, 1994c); at 72 hours, recovery of label was 68-74.6% in 
urine and 12.3-20.5% in feces, respectively.  Only 0.4% was recovered in expired air in the 
Monsanto study.  In both studies, the highest amount of label in tissues was recovered in fat, 
whole blood/blood cells, and the spleen. 

 
The metabolism of p-chloronitrobenzene appears to be similar in humans and rats. 

Yoshida (1994; et al., 1991, 1992, 1993) evaluated urinary metabolites in humans and rats 
exposed to p-chloronitrobenzene.  Urine from 8 male dockworkers was collected for up to 29 
days following an accidental exposure; absorption was considered to have occurred by inhalation 
and dermally (Yoshida et al., 1992, 1993).  The urine of all 8 subjects contained N-acetyl-S-(4-
nitrophenyl)-L-cysteine, a mercapturic acid resulting from conjugation to glutathione and the 
major product, representing 48% of the total metabolites.  2-Chloro-5-nitrophenol (12.2% of 
total metabolites) was produced by slow ring hydroxylation of the parent compound.  Slow 
reduction of the nitro group resulted in the formation of p-chloroaniline, which represented 
29.9% of metabolites excreted in urine.  p-Chloroaniline was rapidly metabolized to 2,4-
dichloroaniline and by ring hydroxylation to 2-amino-5-chlorophenol.  Urine from the subject 
with the highest exposure also contained N-acetyl conjugates of p-chloroaniline: 
p-chloroacetanilide and 4-chloro-2-hydroxyacetanilide.  No p-chloronitrobenzene was detected 
in urine of any exposed subject.  In a study of urinary metabolites in Sprague-Dawley rats 
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following a single intraperitoneal dose of p-chloronitrobenzene, the same seven metabolites were 
detected (p-chloroacetanilide in trace amounts), as well as a small amount of unmetabolized 
p-chloronitrobenzene (Yoshida et al., 1991).  In an in vitro study of hepatocytes isolated from 
male F344 rats, p-chloronitrobenzene was converted to 4-chloroaniline, p-chloroacetanilide and 
S-(4-nitrophenyl)glutathione (Rickert and Held, 1990).  The reduction of the nitro group to the 
amine was found to be dependent on microsomal cytochrome P-450. 
 
 

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC 
ORAL RfD VALUES FOR p-CHLORONITROBENZENE 

 
An ample database supports methemoglobinemia as the most sensitive effect of oral 

exposure to p-chloronitrobenzene.  Although no human oral data were located, humans are 
known to be susceptible to methemoglobinemia following inhalation or dermal exposure.  
Subchronic studies in rats reported methemoglobinemia accompanied by anemia (reduced 
hemoglobin, hematocrit and erythrocyte counts) and splenic effects (hemosiderosis, 
extramedullary hematopoiesis, congestion, vacuolization of red pulp and increased relative organ 
weight) following daily gavage at a LOAEL of 3 mg/kg-day for 90 days (Monsanto, 1994a); a 
NOAEL was not identified in this study.  Splenomegaly was observed in rats gavaged with $10 
mg/kg-day for 90 days or exposed to doses of .13 mg/kg-day in feed for four weeks (Monsanto, 
1994b).  With increasing exposure, continued destruction of erythrocytes resulted in effects in 
other organs besides the spleen: extramedullary hematopoiesis and hemosiderosis in the liver at 
$10 mg/kg-day, and hemosiderosis in the kidney and hyperplasia of the bone marrow at 30 
mg/kg-day in the 90-day gavage study (Monsanto, 1994a).  Outward signs of 
methemoglobinemia were observed in rats at higher doses.  In the four-week feeding study 
(Monsanto, 1994b), paleness of extremities was observed at .33 mg/kg-day and above and 
cyanosis at .70 mg/kg-day and above; increased mortality occurred in female rats exposed to 
257 mg/kg-day. 
 

The responses at the lower doses used in the chronic gavage study indicated that splenic 
effects were secondary to methemoglobinemia (Bio/Dynamics, Inc., 1985).  A NOAEL of 0.1 
and LOAEL of 0.7 mg/kg-day were derived from Bio/Dynamics, Inc. (1985) based on 
methemoglobinemia in male and female rats treated by gavage in corn oil for 24 months.  At the 
high dose in this study, 5 mg/kg-day, additional effects included anemia (reduced hematocrit, 
hemoglobin and erythrocyte counts) and splenic effects (increased organ weight and 
hemosiderosis).  Non-statistically significant increases in testicular weight were also observed at 
5 mg/kg-day, which might relate to the reduced fertility observed in the two-generation study in 
rats (see below).  The only other chronic study, a feeding bioassay in rats and mice, did not 
report nonneoplastic endpoints (Weisburger et al., 1978).  In a two-generation study in rats, 
exposure by gavage to 0.7 mg/kg-day for 167 (F0) or ~218 (F1) days had no toxic effect on adults 
(methemoglobin levels were not monitored in this study) and no effect on reproduction 
(Bio/Dynamics, Inc., 1984).  In this study, splenic hemosiderosis, testicular degeneration and 
reduced fertility were observed at the highest dose of 5 mg/kg-day.  The rat appears to be more 
sensitive to p-chloronitrobenzene than the mouse.  In the continuous breeding study in mice 
(NTP, 1993a), male and female F1 and F2 pup weights and total F2 pup survival to postnatal day 
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21 were reduced in the 125 and 250 mg/kg-day groups, but there were no clinical signs of 
toxicity; the low dose of 62.5 mg/kg-day was a LOAEL for dose-related reductions in F1 male 
pup weight that were statistically significant in 2 out of 5 sets of litters.  NTP (1993a) concluded 
that these effects were secondary to methemoglobin-induced hypoxia, although methemoglobin 
levels were not measured, since other sequelae of methemoglobinemia (cyanosis and enlarged 
and darkened spleens) were observed in treated adults.  In the rabbit developmental study 
(Bio/Dynamics, Inc., 1982), 15 mg/kg-day was a NOAEL for maternal and developmental 
effects, but 40 mg/kg-day was a FEL for maternal mortality and increased spontaneous abortion. 
 

The LOAEL of 3 mg/kg-day in the 90-day gavage study in rats (Monsanto, 1994a) can 
serve as the basis for the subchronic p-RfD for p-chloronitrobenzene.  At this level, 
methemoglobin-related effects on erythrocytes and the spleen were observed.  A provisional 
subchronic RfD of 3E-3 mg/kg-day for p-chloronitrobenzene is derived by applying an 
uncertainty factor of 1000 (10 for the use of a LOAEL,10 to extrapolate from rats to humans and 
10 to protect sensitive individuals) and a modifying factor of 1 to the rat LOAEL of 3 mg/kg-day 
as follows: 
 

Subchronic p-RfD  = Subchronic LOAEL   /   ( UF  x  MF) 
= 3 mg/kg-day   /   (1000   x   1) 
= 0.003 or 3E-3 mg/kg-day 

 
Confidence in the key subchronic study is medium-to-high because it used adequate 

numbers of both sexes, thoroughly examined a large number of endpoints, including suspected 
targets (hematology, spleen), was well-designed and well-documented, but did not include a 
NOAEL dose.  Confidence in the database is high because the critical subchronic gavage toxicity 
study in rats is supported by a chronic gavage study in rats, a subchronic feeding toxicity study, a 
two-generation reproductive study in rats, a continuous breeding study in mice, and a 
developmental study in rabbits.  Medium-to-high confidence in the provisional subchronic RfD 
for p-chloronitrobenzene results. 
 

The appropriate basis for the chronic p-RfD for p-chloronitrobenzene is the NOAEL of 
0.1 mg/kg-day in the 24-month gavage bioassay in rats (Bio/Dynamics, Inc., 1985).  Since 
reproductive/developmental studies in three species indicate that fetal effects are only observed 
at maternally toxic doses, a p-RfD based on this NOAEL should be protective against fetal 
effects.  The provisional chronic RfD of 1E-3 mg/kg-day for p-chloronitrobenzene is derived 
by applying an uncertainty factor of 100 (10 to extrapolate from rats to humans and 10 to protect 
sensitive individuals) and a modifying factor of 1 to the rat NOAEL of 0.1 mg/kg-day, as 
follows: 
 
 

Chronic p-RfD = Chronic NOAEL   /   (UF  x  MF) 
= 0.1 mg/kg-day   /   (100  x  1) 
= 0.001 or 1E-3 mg/kg-day 

 
Confidence in the critical chronic study is high because it used adequate numbers of both 

sexes, thoroughly examined a large number of endpoints, evaluated hematological (suspected 



4-24-2008 
 
 
target tissue) endpoints at intervals, appeared to be well-conducted and well-documented, and 
identified both a LOAEL and a NOAEL.  As mentioned above, confidence in the database in 
high.  High confidence in the provisional chronic RfD for p-chloronitrobenzene results. 
 
 

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC 
INHALATION RfC VALUES FOR p-CHLORONITROBENZENE 

 
Humans are known to be susceptible to methemoglobinemia from combined inhalation 

and dermal exposure to p-chloronitrobenzene, although no quantitative data are available for 
long-term inhalation exposures.  Chronic-duration animal inhalation toxicity studies are lacking, 
but the available subchronic and reproductive studies in rodents confirm methemoglobinemia as 
the most sensitive effect of exposure to p-chloronitrobenzene.  No NOAELs were identified in 
any of the inhalation studies.  A LOAEL of 9.7 mg/m3 was derived from NTP (1993a; Travlos et 
al., 1996) based on methemoglobinemia, structural abnormalities in erythrocytes and splenic 
effects (congestion and hemosiderosis) in male and female rats exposed 6 hours/day, 5 
days/week for 13 weeks.  A progression of effects, including an increase in the severity of 
methemoglobinemia and anemia, occurred at higher concentrations, with females apparently 
more sensitive than males.  A progression of splenic effects included splenomegaly, 
hematopoietic cell proliferation of the spleen, and, at higher concentrations, capsular fibrosis.  
The liver, kidney, and male reproductive organs exhibited toxicity at higher concentrations.  The 
female reproductive system was also affected in that the length of the estrous cycle was 
increased, but, as concentrations lower than 38.5 mg/m3 were not analyzed for this endpoint, the 
lowest critical concentration for this endpoint was not identified. 
 

The findings of methemoglobinemia at lower concentrations, with progressive anemia, 
splenic effects and liver effects at higher concentrations are supported by two other rat studies.  
A two-week study in male rats (Haskell Laboratories, 1984) observed methemoglobinemia, 
anemia and splenic effects (splenomegaly, hemosiderosis, congestion) in rats exposed to $30 
mg/m3, and increased incidence of clinical signs (alopecia, pallor), organ weight changes 
(increased splenic, liver and kidney weight and reduced testicular weight), testicular 
degeneration, and hematopoietic cell proliferation of bone marrow, and hyperactivity at higher 
concentrations.  A four-week study in rats (Nair et al., 1986) is not suitable for risk assessment 
because of the confounding presence of ethylene glycol monoethyl ether, but this study also 
reported splenic effects in both sexes, methemoglobinemia in males and reduced hematocrit in 
females at $5 mg/m3, and concentration-related increases in the severity of anemia and splenic 
effects and increased liver weight at the high concentration.  A subchronic inhalation study in 
mice (NTP, 1993a; Travlos et al., 1996) indicated that mice are less vulnerable to p-
chloronitrobenzene than rats.  In mice, 38.5 mg/m3 was an apparent NOAEL and 77.3 mg/m3 
was a LOAEL for splenic lesions (hemosiderosis and hematopoietic cell proliferation) in both 
sexes exposed 6 hours/day, 5 days/week for 13 weeks.  However, since methemoglobin levels 
were not analyzed in mice, the identification of 38.5 mg/m3 as a NOAEL is uncertain. 
 

The subchronic rat study (NTP, 1993a; Travlos et al., 1996) was selected as the basis for 
the subchronic and chronic inhalation p-RfCs for p-chloronitrobenzene.  To calculate the 
provisional subchronic RfC for p-chloronitrobenzene, the LOAEL of 9.7 mg/m3 in male rats 
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(NTP, 1993a; Travlos et al., 1996) was first adjusted for intermittent exposure as follows (U.S. 
EPA, 1994b): 
 

LOAELADJ = (LOAELRAT) (hours/24 hours) (days/7 days) 
= (9.7 mg/m3) (6 hours/24 hours) (5 days/7 days) 
= 1.73 mg/m3 

 
The human equivalent concentration (HEC) for extrarespiratory effects produced by a 

category 3 gas was calculated by multiplying the duration-adjusted LOAEL by the ratio of 
blood:gas partition coefficients (Hb/g) in animals and humans (U.S. EPA, 1994b).  In the absence 
of partition coefficient data, the default ratio of 1 was used for the ratio of coefficients.  Thus, the 
human equivalent concentration was calculated as follows: 

 
LOAELHEC = (LOAELADJ)  x  [(Hb/g)RAT / (Hb/g)HUMAN] 

= 1.73 mg/m3   x  1  
= 1.73 mg/m3 

 
A combined uncertainty factor of 300 was applied to the LOAELHEC: 10 for the use of a 

LOAEL, 3 for extrapolation from rats to humans using dosimetric adjustments and 10 for the 
protection of sensitive individuals.  The modifying factor (MF) was set at 1.  The provisional 
subchronic RfC of 6E-3 mg/m3 for p-chloronitrobenzene was calculated as follows (U.S. EPA, 
1994b): 
 

Provisional Subchronic RfC = LOAELHEC   )   (UF      x   MF) 
= 1.73 mg/m3   )   (300   x   1) 
= 0.006 mg/m3    or 6E-3 mg/m3 

 
A provisional chronic RfC of 6E-4 mg/m3 for p-chloronitrobenzene was derived by 

applying an uncertainty factor of 10 (for the use of a subchronic-duration inhalation study) to the 
provisional subchronic RfC as follows: 
 

Provisional Chronic RfC =    Provisional Subchronic RfC   )    (UFsubchronic) 
= 0.006 mg/m3  )    10 
= 0.0006 mg/m3  or 6E-4 mg/m3 

 
Confidence in the key study (NTP, 1993a; Travlos et al., 1996) is medium-to-high. The 

study was well-conducted and well-reported, used adequate numbers of both sexes in two 
species, tested multiple exposure levels (but not a NOAEL), and examined reproductive and 
methemoglobinemia effects in addition to standard endpoints.  In addition, the critical effect 
(methemoglobinemia) is known to be relevant to humans.  Confidence in the database is medium 
because chronic and developmental toxicity studies by the inhalation route are lacking, although 
oral studies are available.  Medium-to-high confidence in the provisional subchronic RfC results. 
 

The provisional subchronic RfC is 3-fold lower than that derived in the draft HEED 
(SRC, 1992) because the earlier derivation considered the LOAEL in the critical study to be of 
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minimal toxicological significance and used an uncertainty factor of 3 for use of this LOAEL in 
the p-RfC derivation.  However, the final version of the critical study, which was not available in 
1992, demonstrated a progressive increase in the severity of methemoglobinemia over time, 
which suggests that an uncertainty factor of 10, as used in the present derivation, is more 
appropriate. 
 
 

DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT 
FOR p-CHLORONITROBENZENE 

 
Weight-of-Evidence Descriptor 
 

  No data are available for the carcinogenicity of p-chloronitrobenzene in humans.  A 
significant increase in vascular tumors was observed in male and female mice that received via 
the diet an average daily intake of, respectively, 1029 or 1036 mg/kg-day for 18 months 
(Weisburger et al., 1978).  Male mice receiving 515 mg/kg-day for 18 months showed an 
increase in hepatocellular carcinomas, but no increase was observed at the higher dose.  Male 
rats tested in the same study showed no tumor increase after 18 months of exposure.  Since both 
species were only exposed for a relatively short durationC18 months with a subsequent 3 month 
observation periodCthe negative results in male rats cannot be considered definitive proof that  
p-chloronitrobenzene is not carcinogenic to rats.  Daily exposure to low doses (0.1-5 mg/kg-day) 
by gavage for two years did not induce tumors in male or female rats (Bio/Dynamics, Inc., 
1985).  Under the 1986 Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1986), 
p-chloronitrobenzene is classified as a Group C (possible human) carcinogen, based on no 
available data in humans and limited evidence of carcinogenicity in mice in the NCI feeding 
bioassay of Weisburger et al. (1978).  Following U.S. EPA (1999) proposed guidelines, the 
hazard descriptor suggestive evidence of carcinogenicity is appropriate to p-chloronitrobenzene. 
 

The carcinogenic effects of p-chloronitrobenzene in mice appear to be similar to those 
reported for its metabolite, p-chloroaniline (NTP, 1989), and a related chemical, p-nitroaniline 
(NTP, 1993b).  The analogs increased the incidence of vascular tumors (hemangiosarcomas) at 
all sites in gavaged male mice, but not in females.  In addition, p-chloroaniline increased the 
incidence of hepatocellular carcinoma in female mice, but not in males (NTP, 1989).  In rats 
gavaged with p-chloroaniline, rare splenic tumors were induced, apparently subsequent to 
splenic fibrosis resulting from scavenging erythrocytes damaged from methemoglobinemia 
(NTP, 1989).  

 
In vitro and in vivo tests suggest that genotoxicity of p-chloronitrobenzene is dependent 

on its bioactivation.  p-Chloronitrobenzene was not mutagenic in bacteria without metabolic 
activation, and with activation, it was mutagenic in only two out of twelve strains of S. 
typhimurium (U.S. EPA, 1985; NTP, 1993a; IARC, 1996).  In cultured CHO cells, the compound 
induced sister chromatid exchanges with exogenous activation and induced chromosomal 
aberrations only at cytotoxic concentrations, with or without exogenous activation (IARC, 1996). 
p-Chloronitrobenzene injected into mice induced DNA single-strand breaks in liver, kidney and 
brain (IARC, 1996). 
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Although there are no reports of human carcinogenicity resulting from exposure to 
p-chloronitrobenzene, the responses to acute exposures (methemoglobinemia) are similar in 
humans and animals (ACGIH, 1992; U.S. EPA, 1985; SRC, 1992).  Furthermore, 
p-chloronitrobenzene is readily absorbed and undergoes similar metabolic pathways in humans 
and rats (NTP, 1993a; Monsanto, 1994c; Yoshida, 1994; Yoshida et al., 1991, 1992, 1993).  
Microsomal cytochrome P-450 in the liver and other tissues appears to be involved in the 
reduction to p-chloroaniline (Rickert and Held, 1990).  Although neither p-chloronitrobenzene 
nor p-chloroaniline are directly genotoxic, metabolites that are not processed in phase II 
conjugation reactions are potentially genotoxic.  The positive results for genotoxicity in mice 
(IARC, 1996) and in bacteria following metabolic activation suggest that a genotoxic mechanism 
is the likely cause of the vascular tumors induced in mice exposed to p-chloronitrobenzene 
(Weisburger et al., 1978). 
 
Quantitative Estimates of Carcinogenic Risk 
 

The decision whether to perform quantitative risk assessment for Group C chemicals is 
decided on an individual case basis.  U.S. EPA (1985) calculated a human q1* for p-
chloronitrobenzene of 1.8E-2 per (mg/kg-day) on the basis of vascular tumors in male mice 
exposed in the diet for 18 months (Weisburger et al., 1978).  SRC (1992) recalculated the q1* as 
1.2E-2 per (mg/kg-day), based on the same data.  The earlier derivations were conducted using a 
different body weight scaling factor for extrapolation between rat and human doses than is 
currently recommended under U.S. EPA guidance: 2/3 power rather than 3/4.  Using the same 
data for vascular tumors in male and female mice in the NCI study (Weisburger et al., 1978), 
dose-response modeling was performed using U.S. EPA (2005) guidelines for cancer risk 
assessment (Table 1).  The multistage cancer model was used for dose-response modeling.  In 
accordance with the 2005 guidelines, the LED (lower bound on dose estimated to produce a 10% 
increase in tumor incidence over background) was estimated using the U.S. EPA (1996) 
benchmark dose methodology, and a linear extrapolation to the origin performed by dividing the 
LED10 into 0.1 (10%).  The unadjusted values based directly on the animal tumor data are 
adjusted to human values by correcting for differences in body weight between humans and 
mice.  U.S. EPA uses a cross-species scaling factor of body weight raised to the 3/4 power (U.S. 
EPA, 1999).  Adjustment from animal to human slope factor is performed by multiplying the 
animal value by the ratio of human to animal body weight raised to the 1/4 power.  An 
adjustment was also needed for the duration of the experiment (exposure for 18 months followed 
by a 3-month observation period), since it was shorter than the reference life span of 24 months 
in mice; the slope was multiplied by the ratio of life span to experiment duration raised to the 3rd 
power. 
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Table 1. LED10 Values Based on Vascular Tumor Incidences in Male and Female CD-1 Mice 
(Weisburger et al., 1978) 

 
Male 

 
Incidence 
0 mg/kg-

day 

 
Incidence 

441 mg/kg-
day 

 
Incidence 

882 mg/kg-
day 

 
mouse 
LED10 

(mg/kg-
day) 

 
mouse 

0.1/LED10 
(mg/kg-day)-1 

 
human 

0.1/LED10 
(mg/kg-day)-1 

 
 

 
0/14 

 
2/14 

 
4/14 

 
155 

 
6.4x10-4 

 
6.3x10-3 

 
Female 

 
Incidence 
0 mg/kg-

day 

 
Incidence 

444 mg/kg-
day 

 
Incidence 

888 mg/kg-
day 

 
mouse 
LED10 

(mg/kg-
day) 

 
mouse 

0.1/LED10 
(mg/kg-day)-1 

 
human 

0.1/LED10 
(mg/kg-day)-1 

 
 

 
0/15 

 
2/20 

 
7/18 

 
168 

 
5.9x10-4 

 
5.8x10-3 

 
Time-weighted-average (TWA) doses for the entire 21-month experiment were calculated as the TWA 
doses for the 18-month exposure period (from the text) x 18/21  
Human value (0.1/LED10) calculated as: mouse value (0.1/LED10) x (Whum / Wmouse)1/4 x (L / Le)3 where 
Whum = 70 kg (human reference body weight), Wmouse = 0.0373 or 0.0353 kg (reference male or female 
mouse body weights, respectively), L = 24 months  (reference mouse life span), Le = 21 months  
(duration of experiment) 
Mouse LED10 calculated using polynomial model (polydegree of 2 chosen using algorithm in U.S. EPA 
(2000b) Benchmark Dose Technical Guidance Document for both males and females) 

 
 
A provisional oral slope factor of 6.3E-3 per (mg/kg-day) for p-chloronitrobenzene was 

developed for the largest value. 
 
Provisional Inhalation Unit Risk 
 

There are no human or animal inhalation carcinogenicity data from which to derive a 
provisional inhalation unit risk for p-chloronitrobenzene. 
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 ====================================================================  
      Multistage Cancer Model. (Version: 1.5;  Date: 02/20/2007)  
     Input Data File: C:\BMDS\UNSAVED1.(d)   
     Gnuplot Plotting File:  C:\BMDS\UNSAVED1.plt 
        Thu Apr 10 12:07:31 2008 
 ====================================================================  
 
 BMDS MODEL RUN  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
  
   The form of the probability function is:  
 
   P[response] = background + (1-background)*[1-EXP( 
                 -beta1*dose^1-beta2*dose^2)] 
 
   The parameter betas are restricted to be positive 
 
 
   Dependent variable = COLUMN2 
   Independent variable = COLUMN1 
 
 Total number of observations = 3 
 Total number of records with missing values = 0 
 Total number of parameters in model = 3 
 Total number of specified parameters = 0 
 Degree of polynomial = 2 
 
 
 Maximum number of iterations = 250 
 Relative Function Convergence has been set to: 1e-008 
 Parameter Convergence has been set to: 1e-008 
 
 
 
                  Default Initial Parameter Values   
                     Background =            0 
                        Beta(1) =  0.000317608 
                        Beta(2) = 7.24258e-008 
 
 
           Asymptotic Correlation Matrix of Parameter Estimates 
 
           ( *** The model parameter(s)  -Background    
                 have been estimated at a boundary point, or have been specified by the user, 
                 and do not appear in the correlation matrix ) 
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                Beta(1)      Beta(2) 
 
   Beta(1)            1        -0.97 
 
   Beta(2)        -0.97            1 
 
 
 
                                 Parameter Estimates 
 
                                                         95.0% Wald Confidence Interval 
       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit 
     Background                0            *                *                  * 
        Beta(1)      0.000317608            *                *                  * 
        Beta(2)     7.24257e-008            *                *                  * 
 
* - Indicates that this value is not calculated. 
 
 
 
                        Analysis of Deviance Table 
 
       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value 
     Full model        -14.1174         3 
   Fitted model        -14.1174         2  1.95399e-013      1               1 
  Reduced model        -17.2249         1       6.21497      2         0.04471 
 
           AIC:         32.2348 
 
 
                                  Goodness  of  Fit  
                                                                 Scaled 
     Dose     Est._Prob.    Expected    Observed     Size       Residual 
  ------------------------------------------------------------------------ 
    0.0000     0.0000         0.000         0          14        0.000 
  441.0000     0.1429         2.000         2          14        0.000 
  882.0000     0.2857         4.000         4          14        0.000 
 
 Chi^2 = 0.00      d.f. = 1        P-value = 1.0000 
 
 
   Benchmark Dose Computation 
 
Specified effect =            0.1 
 
Risk Type        =      Extra risk  
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Confidence level =           0.95 
 
             BMD =         309.84 
 
            BMDL =        155.311 
 
            BMDU =         726.12 
 
Taken together, (155.311, 726.12 ) is a 90     % two-sided confidence 
interval for the BMD 
 
Multistage Cancer Slope Factor =   0.000643869 
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 ====================================================================  
      Multistage Cancer Model. (Version: 1.5;  Date: 02/20/2007)  
     Input Data File: C:\BMDS\UNSAVED1.(d)   
     Gnuplot Plotting File:  C:\BMDS\UNSAVED1.plt 
        Thu Apr 10 14:03:14 2008 
 ====================================================================  
 
 BMDS MODEL RUN  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
  
   The form of the probability function is:  
 
   P[response] = background + (1-background)*[1-EXP( 
                 -beta1*dose^1-beta2*dose^2)] 
 
   The parameter betas are restricted to be positive 
 
 
   Dependent variable = COLUMN2 
   Independent variable = COLUMN1 
 
 Total number of observations = 3 
 Total number of records with missing values = 0 
 Total number of parameters in model = 3 
 Total number of specified parameters = 0 
 Degree of polynomial = 2 
 
 
 Maximum number of iterations = 250 
 Relative Function Convergence has been set to: 1e-008 
 Parameter Convergence has been set to: 1e-008 
 
 
 
                  Default Initial Parameter Values   
                     Background =            0 
                        Beta(1) =            0 
                        Beta(2) = 6.31468e-007 
 
 
           Asymptotic Correlation Matrix of Parameter Estimates 
 
           ( *** The model parameter(s)  -Background    -Beta(1)    
                 have been estimated at a boundary point, or have been specified by the user, 
                 and do not appear in the correlation matrix ) 
                Beta(2) 
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   Beta(2)            1 
 
 
 
                                 Parameter Estimates 
 
                                                         95.0% Wald Confidence Interval 
       Variable         Estimate        Std. Err.     Lower Conf. Limit   Upper Conf. Limit 
     Background                0            *                *                  * 
        Beta(1)                0            *                *                  * 
        Beta(2)     6.01679e-007            *                *                  * 
 
* - Indicates that this value is not calculated. 
 
 
 
                        Analysis of Deviance Table 
 
       Model      Log(likelihood)  # Param's  Deviance  Test d.f.   P-value 
     Full model        -18.5301         3 
   Fitted model        -18.5494         1      0.038612      2          0.9809 
  Reduced model        -24.1461         1       11.2319      2        0.003639 
 
           AIC:         39.0989 
 
 
                                  Goodness  of  Fit  
                                                                 Scaled 
     Dose     Est._Prob.    Expected    Observed     Size       Residual 
  ------------------------------------------------------------------------ 
    0.0000     0.0000         0.000         0          15        0.000 
  444.0000     0.1118         2.237         2          20       -0.168 
  888.0000     0.3778         6.800         7          18        0.097 
 
 Chi^2 = 0.04      d.f. = 2        P-value = 0.9813 
 
 
   Benchmark Dose Computation 
 
Specified effect =            0.1 
 
Risk Type        =      Extra risk  
 
Confidence level =           0.95 
 

 
 31 



4-24-2008 
 
 

 
 32 

             BMD =        418.463 
 
            BMDL =         168.87 
 
            BMDU =        575.597 
 
Taken together, (168.87 , 575.597) is a 90     % two-sided confidence 
interval for the BMD 
 
Multistage Cancer Slope Factor =   0.000592173 
 
 
column1 column2 column3 
COLUMN1 COLUMN2 COLUMN3 
Dose Incidence Response 
0 0 15 
444 2 20 
888 7 18 

   
  


