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FOREWORD 


The Report on Carcinogens (RoC) is prepared in response to Section 301 of the Public 
Health Service Act as amended. The RoC contains a list of all substances (i) that either 
are known to be human carcinogens or may reasonably be anticipated to be human 
carcinogens; and (ii) to which a significant number of persons residing in the United 
States are exposed. The Secretary, Department of Health and Human Services (DHHS) 
has delegated responsibility for preparation of the RoC to the National Toxicology 
Program (NTP) who prepares the Report with assistance from other Federal health and 
regulatory agencies and non-government institutions. 

Nominations for listing in or delisting from the RoC are reviewed by a formal process 
that includes a multi-phased, scientific peer review and multiple opportunities for public 
comment. The review groups evaluate each nomination according to specific RoC listing 
criteria. This Background Document was prepared to assist in the review of the 
nomination of Nitrobenzene. The scientific information in this document comes from 
publicly available, peer reviewed sources. Any interpretive conclusions, comments or 
statistical calculations, etc made by the authors of this document that are not contained in 
the original citation are identified in brackets [ ]. If any member(s) of the scientific peer 
review groups feel this Background Document does not adequately capture and present 
the relevant information they will be asked to write a commentary for this Background 
Document that will be included as an addendum to the document. In addition, a meeting 
summary that contains a brief discussion of the respective review group’s review and 
recommendation for the nomination will be added to the Background Document, also as 
an addendum. 

A detailed description of the RoC nomination review process and a list of all nominations 
under consideration for listing in or delisting from the RoC can be obtained by accessing 
the NTP Home Page at http://ntp-server.niehs.nih.gov. The most recent RoC, the 9th 

Edition, was published in May, 2000 and may be obtained by contacting the NIEHS 
Environmental Health Information Service (EHIS) at http://ehis.niehs.nih.gov (800-315
3010). 
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Criteria for Listing Agents, Substances or Mixtures in the Report on Carcinogens 

U.S. Department of Health and Human Services 

National Toxicology Program 


Known to be Human Carcinogens:  

There is sufficient evidence of carcinogenicity from studies in humans, which 
indicates a causal relationship between exposure to the agent, substance or 
mixture and human cancer.  

Reasonably Anticipated to be Human Carcinogens: 

There is limited evidence of carcinogenicity from studies in humans, which 
indicates that causal interpretation is credible but that alternative explanations 
such as chance, bias or confounding factors could not adequately be excluded; or 

There is sufficient evidence of carcinogenicity from studies in experimental 
animals which indicates there is an increased incidence of malignant and/or a 
combination of malignant and benign tumors: (1) in multiple species, or at 
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual 
degree with regard to incidence, site or type of tumor or age at onset; or 

There is less than sufficient evidence of carcinogenicity in humans or laboratory 
animals, however; the agent, substance or mixture belongs to a well defined, 
structurally-related class of substances whose members are listed in a previous 
Report on Carcinogens as either a known to be human carcinogen, or reasonably 
anticipated to be human carcinogen or there is convincing relevant information 
that the agent acts through mechanisms indicating it would likely cause cancer in 
humans. 

Conclusions regarding carcinogenicity in humans or experimental animals are based on 
scientific judgment, with consideration given to all relevant information. Relevant 
information includes, but is not limited to dose response, route of exposure, chemical 
structure, metabolism, pharmacokinetics, sensitive sub populations, genetic effects, or 
other data relating to mechanism of action or factors that may be unique to a given 
substance. For example, there may be substances for which there is evidence of 
carcinogenicity in laboratory animals but there are compelling data indicating that the 
agent acts through mechanisms which do not operate in humans and would therefore not 
reasonably be anticipated to cause cancer in humans.  
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Executive Summary 
Introduction 
Nitrobenzene is a nitro aromatic hydrocarbon used to produce aniline. It was nominated 
by the National Institute of Environmental Health Sciences for listing in the Report on 
Carcinogens based on the conclusions of an International Agency for Research on Cancer 
(IARC) working group that there is sufficient evidence of its carcinogenicity in 
experimental animals and that it is possibly carcinogenic to humans (Group 2B) (IARC 
1996). 

Human Exposure 
Use. The primary use of nitrobenzene is in the manufacture of aniline, an intermediate in 
the production of dyestuffs and other products. Nitrobenzene also can be used as a 
solvent and in the synthesis of isocyanates, pesticides, rubber chemicals, and 
pharmaceuticals. 

Production. Nitrobenzene is produced in a continuous process by the direct nitration of 
benzene. Production of nitrobenzene in the United States was over 2 billion pounds in 
2000. 

Environmental Exposure. Environmental exposure to nitrobenzene is expected to be 
primarily through inhalation of ambient air, ingestion of water, or dermal exposure to 
products and water containing nitrobenzene. Two environmental air surveys of more than 
500 sites reported mean concentrations of nitrobenzene to be 0.117 ppb and 0.17 ppb.  

Occupational Exposure. Occupational exposure to nitrobenzene generally is via 
inhalation of the vapor or dermal contact with the vapor or liquid. The most recent 
information available for occupational exposures is through the National Institute of 
Occupational Safety and Health’s (NIOSH’s) National Occupational Exposure Survey, 
conducted from 1981 to 1983, which estimated that 5,080 employees (475 females) 
potentially were exposed to nitrobenzene. 

Human Cancer Studies 
Only one case-control study was found describing cancer effects from exposure to 
nitrobenzene. Paternal exposure to nitrobenzene was associated with a 1.6 odds ratio 
(OR) for childhood brain cancer (95% CI = 0.4 to 6.1); this risk estimate was based on a 
small number of exposed cases. The paucity of data precludes evaluation of carcinogenic 
effects of human exposure to nitrobenzene. 

Studies in Experimental Animals 
When administered by inhalation to experimental animals, nitrobenzene was carcinogenic 
at multiple sites and in multiple species. Male B6C3F1 mice showed significantly 
increased incidences of lung and thyroid follicular cell neoplasia, and female B6C3F1 
mice showed a significantly increased incidence of mammary gland adenocarcinoma. 
Rats showed significantly increased incidences of hepatocellular neoplasia (male F344/N 
and CD rats), kidney tubular cell tumors (male F344/N rats), and endometrial stromal 
polyps (female F344/N rats). In addition, there were marginal increases in the incidences 
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of hepatocellular neoplasia in female B6C3F1 mice, thyroid follicular cell neoplasia in 
male F344/N rats, and hepatocellular neoplasia in female F344/N rats.  

Genotoxicity 
Nitrobenzene was not genotoxic in bacteria (with or without mammalian metabolic 
activation) or in several mammalian in vitro assays (unscheduled DNA synthesis in 
human or rat hepatocytes) or in vivo assays (sister chromatid exchange in rat spleen or 
blood lymphocytes or chromosomal aberrations in rat peripheral blood lymphocytes). In 
vivo exposure to nitrobenzene did induce chromosomal aberrations in human peripheral 
blood lymphocytes.  

Other Relevant Data 
Human Toxicity. Methemoglobinemia has been observed in individuals exposed to 
nitrobenzene and in both subchronic and chronic studies in experimental animals.  

Absorption, excretion, and metabolism in animals and humans. Nitrobenzene is absorbed 
dermally and by inhalation in both animals and humans. Overall, in vivo metabolism of 
nitrobenzene appears to be similar in humans and animals, with the major route of 
excretion being in the urine. 

The major metabolites of nitrobenzene in humans and animals have been isolated from 
urine and include ring oxidation products such as nitrophenols and aminophenols, 
reduction products such as aniline, modified products such as glucuronide or sulfate 
conjugates, and ring-cleavage product such as 4-nitrophenylmercapturic acid. Based on 
these products, it has been proposed that the metabolism of nitrobenzene consists of two 
pathways, the first being reduction of the nitro group to aniline and subsequent ring 
oxidation to aminophenols followed by conjugation to the glucuronide and sulfate 
conjugates. The second pathway is ring oxidation to nitrophenols followed by 
conjugation to the glucuronide and sulfate conjugates. Nitrobenzene can be reduced to 
aniline under anaerobic conditions (by bacteria in the intestine) or aerobic conditions (in 
microsomes). The former is more likely to occur when nitrobenzene is ingested, and the 
latter when nitrobenzene is inhaled. Reduction of nitrobenzene appears to be an important 
step in the production of methemoglobinemia. 

Potential mechanisms. The mechanism of nitrobenzene’s carcinogenicity has not been 
elucidated. Metabolic reduction of nitrobenzene can lead to the production of free 
radicals. Nitrobenzene is structurally related to other aromatic nitro and amino 
compounds, including several nitroarenes that are considered by the National Toxicology 
Program (NTP) to be reasonably anticipated to be human carcinogens and/or by IARC to 
be carcinogenic to humans (Group 2B). 
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1 Introduction 

Nitrobenzene is used primarily to produce aniline, an intermediate in the production of 
dyestuffs and other products. Nitrobenzene also is used in the manufacture of compounds 
including benzidine and quinoline, in the production of isocyanates, pesticides, and 
pharmaceuticals, and as a solvent in petroleum refining. Nitrobenzene has been detected 
in air and appears to volatilize from water and soil. Environmental exposure appears to be 
primarily through inhalation of ambient air or through dermal exposure to products 
containing the chemical.  

Nitrobenzene was nominated by NIEHS for possible listing in the Report on Carcinogens 
based on the conclusions of an IARC working group that nitrobenzene is possibly 
carcinogenic to humans (Group 2B) (IARC 1996). This conclusion was based on 
inhalation studies in experimental animals, which showed that nitrobenzene induced 
significant increases in the incidences of tumors in female B6C3F1 mice (mammary gland 
adenocarcinoma), male B6C3F1 mice (alveolar-bronchiolar and thyroid follicular cell 
neoplasia), female F344/N rats (endometrial stromal polyps), male F344/N rats 
(hepatocellular neoplasia and kidney tubular cell tumors), and male CD rats 
(hepatocellular neoplasms). 

1.1 Chemical identification 
Nitrobenzene (C6H5NO2, mol wt 123.11, CASRN 98-95-3) is a colorless to pale yellow, 
oily liquid with an odor that resembles bitter almonds. It also is known as nitrobenzol, 
mirbane oil, essence of mirbane, oil of mirbane, essence of myrbane, and oil of myrbane. 
Its RTECS number is DA6475000, its U.S. Environmental Protection Agency (EPA) 
hazardous waste numbers are D036 and U169 (as a solid), and its U.S. Department of 
Transportation shipping number and hazard class are UN 1662, Poison B. The structure 
of nitrobenzene is illustrated in Figure 1-1.  

Figure 1-1. Structure of nitrobenzene 

1.2 Physical-chemical properties 
Nitrobenzene is a combustible liquid. It reacts with reducing agents and at high 
temperature with caustic soda and alkalies. It also may react with nitric acid, sulfuric 
acid, potassium hydroxide, silver perchlorate, and sodium chlorate (NTP 2001). It is 
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stable under normal laboratory conditions. The physical and chemical properties of 
nitrobenzene are summarized in Table 1-1. 

Table 1-1. Physical and chemical properties of nitrobenzene 

Property Information Reference 

Molecular weight 123.11 ChemFinder 2001, Budavari et al. 1996 
Color colorless to pale yellow ChemFinder 2001, Budavari et al. 1996 
Odor bitter almonds or black paste 

shoe polish 
Adkins 2000, ChemFinder 2001 

Physical state oily liquid ChemFinder 2001, Budavari et al. 1996 
Melting point (oC) 5.85 Adkins 2000 
Boiling point (oC) 210.9 Adkins 2000, Budavari et al. 1996 
Flash point (oC) closed cup 88 Adkins 2000, Budavari et al. 1996 

Density (g/cm3) at 25° 1.199 Adkins 2000 

Vapor density (air = 1) 4.1 Adkins 2000 
Vapor pressure 1 mm Hg at 44 oC NTP 2001 

Refractive index at 20°C 1.55296 Adkins 2000 

Solubility (at 23oC): 
water 

alcohol 
benzene 
dimethylsulfoxide 
95% ethanol  
ether 
oils 

slightly 
(soluble in ~500 parts water) 
soluble 
soluble 
soluble > 10 mg/mL 
soluble > 10 mg/mL 
soluble 
soluble 

Budavari et al. 1996 

Budavari et al. 1996 
Budavari et al. 1996 
NTP 2001 
NTP 2001 
Budavari et al. 1996 
Budavari et al. 1996 

1.3 Metabolites 
The two main human metabolites of nitrobenzene are p-nitrophenol (4-nitrophenol) and 
p-aminophenol (4-aminophenol). Figure 1-2 shows the chemical structures for these 
metabolites. Section 6 provides a detailed discussion of the metabolic pathway of 
nitrobenzene and its metabolites. Metabolites identified in the urine of animals exposed 
to nitrobenzene include the following: 

• 2-Aminophenol 
• 3-Aminophenol 
• 4-Aminophenol 
• 4-Aminophenol glucuronide 
• 4-Aminophenol sulfate 
• Aniline 
• 4-Hydroxyacetanilidine 
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• 4-Hydroxyacetanilidine glucuronide 
• 4-Hydroxyacetanilidine sulfate 
• 4-Nitrocatechol 
• 2-Nitrophenol 
• 3-Nitrophenol 
• 3-Nitrophenol glucuronide 
• 3-Nitrophenol sulfate 
• 4-Nitrophenol 
• 4-Nitrophenol glucuronide 
• 4-Nitrophenol sulfate 
• 4-Nitrophenylmercapturic acid 
• 4-Nitroquinol 

NO2 

OH 

NH2 

OH

p-Nitrophenol p-Aminophenol 

Figure 1-2. Structures of p-nitrophenol (4-nitrophenol) and p-aminophenol 
(4-aminophenol) 
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2 Human Exposure 

2.1 Use 
The primary use of nitrobenzene, accounting for 97% or more of its use, is in the 
manufacture of aniline, an intermediate in the production of dyestuffs and other products 
(IARC 1996, ChemExpo 1999). Nitrobenzene also is used in the manufacture of 
benzidine, quinoline, azobenzene, and pyroxylin compounds. It is found in soaps and 
shoe and metal polishes, and is used as a solvent for cellulose ester, in modifying 
esterification of cellulose acetate, and in refining lubricating oils (NTP 2001). 
Nitrobenzene is used in the production of isocyanates, pesticides, rubber chemicals, 
pharmaceuticals, and dyes such as nigrosines and magenta (HSDB 2002). Nitrobenzene 
also is used as a solvent in petroleum refining and the synthesis of other organic 
compounds such as acetaminophen, which is in the over-the-counter analgesic Tylenol 
(ATSDR 1990). 

2.2 Production 
Nitrobenzene is produced in a continuous process through the use of “mixed acid” or 
“nitrating acid” (27% to 32% HNO3, 56% to 60% H2SO4, 8% to 17% H2O) in the direct 
nitration of benzene (IARC 1996). Four companies, BASF, ChemFirst, DuPont, and 
Rubicon, are known to produce nitrobenzene in the United States, with a capacity of 
approximately 3 billion pounds per year. Table 2-1 summarizes the annual capacity of 
these four companies for the year 2001. 

Table 2-1. Capacities for nitrobenzene production  

Company (location) 

Capacity 

(million lb/year) 

BASF (Louisiana) 600 
ChemFirst (Missouri) 500 
ChemFirst (Texas) 340 
DuPont (Texas) 380 
Rubicon (Louisiana) 1,140 
Total 2,960 

Source: CEH 2001. 

Miles Corporation, also known as Bayer Corporation, previously produced nitrobenzene 
but ceased production of it in February 1994 (CEH 2001). 

Demand for nitrobenzene in the United States for 1997, 1998, and 2000 was 1.6 billion, 
1.8 billion, and 2.4 billion pounds, respectively. Nitrobenzene production growth was 
approximately 5% annually in recent years and is expected to continue at this rate 
through 2002 in response to the fast-growing aniline and methyl diphenyl diisocyanate 
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markets. Solvent and dye and pigment uses account for 50 to 60 million pounds of annual 
demand (ChemExpo 1999). 

The International Trade Administration (ITA) of the U.S. Department of Commerce 
reported production of nitrobenzene from 1955 to 1986. The ITA production values are 
voluntarily provided by industry and may understate the total production of the 
compound. Therefore, estimated production data from the Chemical Economics 
Handbook, based on the requirement for nitrobenzene-based aniline and consumption of 
nitrobenzene for other uses, also are provided (CEH 2001). Table 2-2 summarizes these 
production values. 

Table 2-2. United States production of nitrobenzene 

Year 

Nitrobenzene production (millions of pounds)a 

Reported production Estimated production 

1955 175.9 – 

1960 162.3 – 

1965 280.3 – 

1970 547.7 – 

1975 414.3 565 

1976 409.0 755 

1977 552.3 805 

1978 575.5 835 

1979 952.4 955 

1980 611.6 910 

1971 901.6 – 

1982 774.8 – 

1983 840.7 880 

1984 982.7 1,025 

1985 913.5 965 

1986 957.9 – 

1987 – 1,100 

1988 – 1,230 

1989 – 1,210 

1990 – 1,175 

1991 – 1,185 

1992 – 1,250 

1993 – 1,375 
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Year 

Nitrobenzene production (millions of pounds)a 

Reported production Estimated production 

1994 – 1,550 

1995 – 1,700 

1996 – 1,690 

1997 – 1,765 

1998 – 1,900 

1999 – 2,000 

2000 – 2,375 

Source: CEH 2001. 
a– = not provided. 

2.3 Analysis 
Environmental samples containing nitrobenzene usually are extracted with an organic 
solvent and analyzed by gas chromatography (GC). Nitrobenzene also can be detected by 
flame ionization (FID) or mass spectrometry (MS) (HSDB 2002). Because of its 
volatility, nitrobenzene levels are difficult to determine in biological materials. The only 
study located for analysis of nitrobenzene in urine used a spectrophotometric method. 
Table 2-3 summarizes analytical methods to determine nitrobenzene in environmental 
and biological materials.  

2.4 Environmental occurrence 
2.4.1 Air 

Direct release of nitrobenzene to air during the manufacturing process is minimized by 
passage of contaminated air through activated charcoal. Most (97% to 98%) of the 
nitrobenzene produced is retained in a closed system that is used to synthesize aniline and 
other substituted nitrobenzenes and anilines, thus limiting releases into air (ATSDR 
1990). 

Production of nitrobenzene and its use in the manufacture of consumer products like shoe 
polishes may result in its release into the environment via fugitive emissions. The amount 
of releases from production of consumer products and their contribution to human 
exposure have not been quantified (ATSDR 1990). 
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Table 2-3. Analytical methods to determine nitrobenzene in environmental materials and biological materials 

Sample matrix Sample preparation Analytical method 
Sample 

detection limit 
Relative recovery (%) 
(mean ± s.d. or range) Reference 

Air at landfill sites Adsorption on Tenax-GC 
cartridges, thermal desorption 

High-resolution (HR) 
GC/FID 

0.05 ppb no data Harkov et al. 1985 

Air Adsorption on silica gel, extraction 
with methanol 

GC/FID 0.02 mg/sample no data ATSDR 1990 

Air Adsorption on silica gel, extraction 
with methanol 

GC/FID 0.5 mg/m3 no data ATSDR 1990 

Wastewater Direct injection of aqueous sample GC/FID no data no data Patil and Shinde 1988 

Wastewater Extract with dichloromethane, 
exchange to hexane, concentrate 

GC/FID 3.6 μg/L 71 ± 5.9 ATSDR 1990 

Water Extract with dichloromethane at 
pH 11 and 2, concentrate 

GC/MS 1.9 μg/L 71 ± 31 ATSDR 1990 

Soil and solid waste Extract from sample, cleanup GC/FID 137 mg/kga 25.7–100 ATSDR 1990 

Soil and solid waste Extract from sample, cleanup GC/MS 19 mg/kga no data ATSDR 1990 

Soil and solid waste Extract from sample, cleanup GC/FID 660 μg/kgb 54–158 ATSDR 1990 

Soil and solid waste Extract from sample, cleanup HRGC/FTIR 12.5 μg/Lc no data ATSDR 1990 

Urine (spiked with 
nitrobenzene) 

Reduce nitrobenzene, form 
coupled dye, extract in carbon 
tetrachloride 

Colorimetric at 450 
nm 

0.8 mg/L no data Dangwal and Jethani 
1980 

Source: ATSDR 1990. 

aApproximate detection limit in high-level soil and sludges. 

bApproximate detection limit in low-level soil and sediments. 

cDetection limit in water; detection limit in solids and wastes is several orders of magnitude higher. 
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The other principal source of nitrobenzene in the atmosphere is the photochemical 
reaction of nitrogen oxides with ambient benzene. Benzene in the atmosphere presumably 
is derived from automobile fuels and use of benzene solvents. The contribution of 
atmospherically produced nitrobenzene is difficult to estimate, as many of the 
measurements of ambient atmospheric nitrobenzene are near sites of nitrobenzene 
production, manufacture, use, or disposal. Levels are likely to decrease, as environmental 
levels of benzene are expected to drop. Although this source of nitrobenzene seems 
limited, it may form a significant proportion of environmental exposure (ATSDR 1990). 
Figure 2-1 shows the atmospheric reactions that generate and remove nitrobenzene. 

EPA’s Toxic Release Inventory (TRI) reported that total air emissions for nitrobenzene 
were 77,274 pounds in 1999 (TRI 2001). Because only certain types of facilities are 
required to report releases, the TRI data are not exhaustive and should be used with 
caution. It was estimated that from 1987 to 1994, approximately 100,000 pounds of 
nitrobenzene per year were released to the air (Holder 1999a).  

2.4.2 Water 

Occurrence of nitrobenzene in water is most likely due to effluent discharge during the 
manufacturing process. Nitrobenzene rarely is carried through to finished water; it is 
likely to be lost to air or degraded by sewage organisms (see Section 2.5.2). The U.S. 
EPA has surveyed nitrobenzene levels in effluents from 4,000 publicly owned treatment 
works and industrial sites. The highest concentrations of nitrobenzene in effluent are 
associated with wastewaters from the organics and plastics industries, with some reported 
levels exceeding 100 ppm (ATSDR 1990). 

Studies seem to suggest that commercial and industrial wastes with nitrobenzene are 
dispersed throughout the country, with detectable levels found outside the three states in 
which nitrobenzene is manufactured. Of 33 industry effluents tested, nitrobenzene was 
detected at a concentration greater than 100 μg/L in one effluent. Reported nitrobenzene 
concentrations in raw and treated industrial wastewaters from several industries ranged 
from 1.4 to 91,000 μg/L (ATSDR 1990). 

EPA’s TRI reported that in 1999, total surface water releases of nitrobenzene were 
372 pounds (TRI 2001). Because only certain types of facilities are required to report 
releases, the TRI data are not exhaustive and should be used with caution. In the years 
1987 to 1994, releases of nitrobenzene to surface water were estimated to range from 
500 pounds in 1993 to 10,000 pounds in 1987 (Holder 1999a). 
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Figure 2-1. Atmospheric reactions that generate and remove nitrobenzene 

Source: ATSDR 1990. 
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2.4.3 Soil 

Few data regarding nitrobenzene concentrations in soil exist. One study reported 8 ppm 
nitrobenzene in the soil of a former dye-manufacturing site, but none was found in river 
sediments. Nitrobenzene was detected in 4 of 862 soil or sediment samples at hazardous 
waste sites, with a geometric mean concentration of 1,000 pg/kg. The presence of 
nitrobenzene in soils of abandoned hazardous wastes sites may be inferred from its 
presence in the atmosphere above the sites (ATSDR 1990).  

EPA’s TRI reported that in 1999, total underground injection releases for nitrobenzene 
were 211,347 pounds. Because only certain types of facilities are required to report 
releases, the TRI data are not exhaustive and should be used with caution. Total land 
releases were 65 pounds (TRI 2001). 

2.5 Environmental fate 
2.5.1 Air 

Based on estimated vapor pressure in the atmosphere, nitrobenzene should exist mainly 
in the vapor (gas) phase. In the atmosphere, nitrobenzene appears to degrade primarily by 
photolysis (38% degradation in 5 hours), mainly to p-nitrophenol and nitrosobenzene 
(HSDB 2002). In one study, both o- and p-nitrophenols were detected when O2 was 
present, whereas phenol was found when O2 was absent (ATSDR 1990). Figure2-1 shows 
the degradation of nitrobenzene in air. 

2.5.2 Water 

Photolysis and biodegradation are expected to be the most significant environmental fate 
processes for nitrobenzene in water. The half-life is 133 days for photolysis, 22 days for 
reaction with hydrated electrons in eutrophic lakes, and 11 hours for reaction with 
sunlight and nitrate. Nitrobenzene is expected to volatilize from water surfaces. 
Estimated volatilization half-lives are 2 days for a model river and 17 days for a model 
lake (HSDB 2002). 

Nitrobenzene may be almost completely removed from water by activated sludge 
treatment, depending on the conditions. One researcher obtained 98% removal of 
chemical oxygen demand (COD) at a rate of 14 mg of COD/h per gram dry weight of 
activated sludge, with nitrobenzene as the sole carbon source. A number of researchers 
obtained 100% degradation of nitrobenzene in water in 7 to 10 days, using a variety of 
model sewage treatment reactors and wastewater sources (ATSDR 1990). However, 
some studies have reported almost no degradation of nitrobenzene. Other studies have 
reported the following: no degradation in 10 days with activated sludge inoculum; 3.3% 
of the theoretical biological oxygen demand reached in 2 weeks using an activated sludge 
inoculum; and nitrobenzene degradation in more than 64 days with a soil inoculum. No 
simple explanation for these conflicting results is apparent (HSDB 2002). 

The potential for bioaccumulation in aquatic organisms is expected to be low, based on 
measured bioconcentration factors (the ratio of the chemical concentration in the 
organism to that in the surrounding water) ranging from 1.6 to 15 (HSDB 2002). 
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2.5.3 Soil 

Nitrobenzene is expected to have moderate to very high mobility in soil, and 
volatilization may be important from moist soil surfaces. In a soil column experiment, 
20% to 40% of the added nitrobenzene was degraded in 45 days. Nitrobenzene had a 
half-life of 56 days in an aerobic soil column. The proposed catabolic pathway for 
nitrobenzene involves its reduction to nitrosobenzene, hydroxylaminobenzene, and 2
aminophenol. These compounds then undergo meta ring cleavage to 2-aminomuconic 
semialdehyde (HSDB 2002). 

2.6 Environmental exposure 
Environmental exposure to nitrobenzene is expected to be primarily through inhalation of 
ambient air, ingestion of water, or dermal exposure to products and water containing 
nitrobenzene (HSDB 2002). 

2.6.1 Air 

Information on nitrobenzene levels in air is derived mostly from a series of reports from 
New Jersey, where urban, rural, and waste disposal areas were extensively monitored. In 
the most recent studies (1982), mean concentrations in cities were 0.07 to 0.10 ppb. 
Studies of air concentrations of nitrobenzene seem to be confounded by weather; 
nitrobenzene may be detected during the warmer months of summer, but is not detected 
during winter or while it is snowing and raining (ATSDR 1990, HSDB 2002). 

A U.S. survey of volatile organic chemicals in the atmosphere at 595 sites revealed a 
mean nitrobenzene concentration of 0.17 ppb and a maximum of 2.8 ppb. Of these 
samples, 75% contained less than 0.092 ppb nitrobenzene, with a median value of 0 ppb. 
An update of EPA’s National Volatile Organic Compounds Database (1970 to 1987) 
revealed that nitrobenzene was found in 734 ambient air samples, at an average 
concentration of 0.117 ppb. The samples came from 2 remote, 73 rural, 111 suburban, 
544 urban, and 4 source-dominated sites (ATSDR 1990, HSDB 2002). 

2.6.2 Water 

Nitrobenzene is only slightly soluble in water. Because of its characteristic odor (bitter 
almonds at levels as low as 30 ppb), nitrobenzene would be detectable if there were a 
large release or accumulation in groundwater. Nitrobenzene was detected in groundwater 
at 3 of 862 hazardous waste sites, with a geometric mean concentration of 1,400 pg/L. 
Nitrobenzene was not detected, however, in any of the 862 surface-water samples taken 
from the same sites (ATSDR 1990). 

Nitrobenzene was detected in effluent discharges from facilities in 10 industrial 
categories. The maximum effluent concentration reported was 100,245 ppb for a site in 
the organics and plastics industry. In EPA’s Storage and Retrieval System for Water and 
Biological Monitoring Data (STORET database), nitrobenzene was detected in effluents 
at 1.8% of the 1,245 sampling stations. In the National Urban Runoff Program, no 
nitrobenzene was detected in runoff samples collected from 19 cities (HSDB 2002). 
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In the 1970s, nitrobenzene was detected, though not quantified, in finished drinking water 
from two U.S. drinking-water plants (HSDB 2002).  

2.6.3 Soil 

The only location where nitrobenzene was detected in soil was at one of two sampling 
sites along the banks of the Buffalo River, in New York State. The detected concentration 
was 8 ppm. However, nitrobenzene was not detected in three samples of bottom sediment 
from the river. Nitrobenzene also was not detected at any of the 349 stations represented 
in the STORET database. Thus, nitrobenzene in contaminated soil does not seem to be a 
major source of environmental exposure (ATSDR 1990, HSDB 2002). 

2.7 Occupational exposure 
Occupational exposure to nitrobenzene generally is via inhalation of the vapor or dermal 
contact with the vapor or liquid (Howard 1989). Through the National Occupational 
Exposure Survey, conducted from 1981 to 1983, NIOSH estimated that 5,080 employees 
(475 females) potentially were exposed to nitrobenzene (IARC 1996, HSDB 2002). 

2.8 Biological indices of exposure 
p-Nitrophenol, one of the major metabolites of nitrobenzene, can be measured in the 
urine to identify exposure to nitrobenzene. However, finding this metabolite in the urine 
does not provide information on the concentration of nitrobenzene to which the person 
was exposed. Another method is to examine the blood for the presence of nitrosobenzene 
and phenylhydroxylamine, nitrobenzene metabolites that bind to hemoglobin (see 
Section 6.3). However, this method is not specific for nitrobenzene, because exposure to 
other chemicals also may result in production of these metabolites and their binding to 
hemoglobin (ATSDR 1990).  

2.9 Regulations 
The U.S. EPA regulates nitrobenzene under the Clean Air Act (CAA). It also regulates 
nitrobenzene under the Clean Water Act (CWA) and the Federal Insecticide, Fungicide, 
and Rodenticide Act. Nitrobenzene also is regulated under the Resource Conservation 
and Recovery Act (RCRA), with a hazardous waste number of U169. Under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
nitrobenzene has a reportable quantity of 1,000 pounds (454 kg). EPA also regulates 
nitrobenzene under the Emergency Planning and Community Right-to-Know Act. The 
American Conference of Governmental Industrial Hygienists (ACGIH) has established a 
threshold limit value (TLV) for nitrobenzene of 1 ppm (5 mg/m3), with a skin notation, 
indicating potential absorption through skin. The Occupational Safety and Health 
Administration (OSHA) has established a permissible exposure level (PEL) of 1 ppm 
(5 mg/m3) as an 8-hour time-weighted average (TWA). NIOSH has established a 
recommended exposure limit of 1 ppm (5 mg/m3) as an 8-hour TWA, with a skin 
notation. The NIOSH “immediately dangerous to life or health” concentration is 
200 ppm. Table 2-4 summarizes EPA regulations, and Table 2-5 summarizes OSHA 
regulations. No U.S. Food and Drug Administration regulations were located. 
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Table 2-4. EPA regulations 

Regulatory action Effect of regulation or other comments 
40 CFR – PART 60 – STANDARDS OF The provisions of this part apply to the owner/operator 
PERFORMANCE FOR NEW STATIONARY of any stationary source that contains an affected 
SOURCES. Promulgated: 36 FR 24877, 12/31/71. facility (a stationary source with an apparatus to which 

a standard is applicable) that produces nitrobenzene. 
40 CFR 63 – PART 63 – NATIONAL EMISSIONS 
STANDARDS FOR HAZARDOUS AIR 
POLLUTANTS. Promulgated: 57 FR 61992, 12/29/92. 
U.S. Code: 7401 et seq. 

Standards that regulate specific categories of stationary 
sources that emit (or have the potential to emit) a 
hazardous air pollutant like nitrobenzene are listed in 
this part pursuant to section 112(b) of the CAA. 
Sources include Off-Site Waste and Recovery 
Operations; Wood Furniture Manufacturing 
Operations; Synthetic Organic Chemical 
Manufacturing Industry for Process Vents, Storage 
Vessels, Transfer Operations, and Wastewater. 

40 CFR 116 – PART 116 – DESIGNATION OF This regulation designates nitrobenzene as a hazardous 
HAZARDOUS SUBSTANCES. Promulgated: 43 FR substance under section 311(b)(2)(a) of the Federal 
10474, 03/13/78. U.S. Code: 33 U.S.C. 1251 et seq. Water Pollution Control Act (FWPCA). The regulation 

applies to the discharge of nitrobenzene to surface 
waters. 

40 CFR 117 – PART 117 – DETERMINATION OF Discharges to water of amounts equal to or greater than 
REPORTABLE QUANTITIES FOR HAZARDOUS the reportable quantity (RQ) must be reported to EPA. 
SUBSTANCES. U.S. Code: FWPCA 311(b)(2)(A) and The RQ for environmental releases of nitrobenzene to 
501(a) as amended by the CWA of 1977.  water is 1,000 lb (454 kg). 
40 CFR 148.10 – Sec. 148.10 – Waste specific The spent solvent waste nitrobenzene is prohibited 
prohibitions — solvent wastes. Promulgated: 53 FR from underground injection unless the solvent waste is 
28154, 07/26/88. U.S. Codes: Section 3004, RCRA, 42 a solvent–water mixture or solvent-containing sludge 
U.S.C. 6901 et seq. Effective 08/08/88. containing less than 1% total solvent constituent. 
40 CFR 172 – PART 172 – Subpart B – Table of The Hazardous Materials Table in this section 
Hazardous Materials and Special Provisions. designates nitrobenzene as a hazardous material for the 
Promulgated: 55 FR 52582, 12/21/90. purpose of transportation. The identification number is 

UN 1662. 
40 CFR 258 – PART 258 – CRITERIA FOR The purpose of this part is to establish minimum 
MUNICIPAL SOLID WASTE LANDFILLS. national criteria under the RCRA, as amended, for all 
Promulgated: 56 FR 51016, 10/09/91. U.S. Codes: 33 municipal solid waste landfill (MSWLF) units and 
U.S.C. 1345 (d) and (e); 42 U.S.C. 6907(a)(3), 6912(a), under the CWA, as amended, for MSWLFs that are 
6944(a), and 6949a(c). used to dispose of sewage sludge. These minimum 

national criteria ensure the protection of human health 
and the environment. 

40 CFR 261 – Subpart D – Lists of Hazardous Wastes. Nitrobenzene, as a solid waste, is listed as a hazardous 
Promulgated: 45 FR 33119, 05/19/80. U.S. Code: 42 waste from non-specific sources, with a hazardous 
U.S.C. 6905, 6912(a), 6921, 6922, and 6938. waste number of U169. It has EPA hazardous waste 

numbers of F004, K104, and K105. 
40 CFR 268 – Subpart D – Treatment Standards. Table UTS identifies nitrobenzene as a hazardous 
Promulgated: 59 FR 48103, 09/19/94.  constituent in hazardous waste. The nonwastewater 

and wastewater treatment standard levels are 
0.068 mg/L and 14 mg/L, respectively. 
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Regulatory action Effect of regulation or other comments 
40 CFR 302 – PART 302 – DESIGNATION, 
REPORTABLE QUANTITIES, AND 
NOTIFICATION. Promulgated: 50 FR 13474, 
04/04/85. U.S. Codes: 42 U.S.C. 9602, 9603, and 9604; 
33 U.S.C. 1321 and 1361. 

This part designates under section 102(a) of CERCLA 
1980 those substances in the statutes referred to in 
section 101(14) of CERCLA, identifies reportable 
quantities for these substances, and sets forth the 
notification requirements for releases of these 
substances. This part also sets forth reportable 
quantities for hazardous substances designated under 
section 311(b)(2)(A) of the CWA. The reportable 
quantity for nitrobenzene is 1,000 lb (454 kg). 

40 CFR 355 – PART 355 – EMERGENCY This regulation establishes nitrobenzene as an 
PLANNING AND NOTIFICATION. Promulgated: 52 extremely hazardous substance, with a reportable 
FR 13395, 04/22/87. U.S. Code: 42 U.S.C. 11002, quantity of 1,000 lb and a threshold planning quantity 
11004, and 11048. of 10,000 lb. Facility notification responsibilities 

necessary for the development and implementation of 
state and local emergency response plans are included. 

40 CFR 372 – PART 372 – TOXIC CHEMICAL 
RELEASE REPORTING: COMMUNITY RIGHT-TO-
KNOW. Promulgated: 55 FR 4525, 02/16/88. U.S. 
Code: 42 U.S.C. 11013 and 11028. The effective date 
for reporting nitrobenzene is 01/01/87. 

This part sets forth requirements for the submission of 
information relating to the release of toxic chemicals 
under section 313 of Title III of the Superfund 
Amendments and Reauthorization Act (1986). 
Information collected under this part is intended to 
inform the general public and the communities 
surrounding covered facilities about releases of toxic 
chemicals, to assist research, to aid in the development 
of regulations, guidelines, and standards. 

40 CFR 401 – PART 401 – GENERAL PROVISIONS. Nitrobenzene is included in the list of toxic pollutants, 
Promulgated: 39 FR 4532, 02/01/74, as amended at 47 designated pursuant to section 307(a)(1) of the Act, in 
FR 24537, 06/04/82. U.S. Code: 33 U.S.C. 1251 et seq. publicly owned treatment works treatment processes or 

contaminated sewage sludge. 
The regulations in this table been updated through the 2001 Code of Federal Regulations, 29 CFR December 1, 2001. 

Table 2-5. OSHA regulations 

Regulatory action Effect of regulation or other comments 
29 CFR 1910.1000 – Air Contaminants. Table Z-1. Established PEL for nitrobenzene of 1 ppm (5 mg/m3) 

as an 8-h TWA. 
29 CFR 1915.1000 – Air Contaminants. Established PEL for nitrobenzene of 1 ppm (5 mg/m3) 

as an 8-h TWA in shipyards. 
29 CFR 1926.55 – Gases, vapors, fumes, dusts, and 
mists. 

Established PEL for nitrobenzene of 1 ppm (5 mg/m3) 
as an 8-h TWA in construction. 

The regulations in this table been updated through the 2001 Code of Federal Regulations, 29 CFR December 1, 2001. 
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3 Human Cancer Studies 

Only one study was found that discusses any possible relationship between human cancer 
and exposure specifically to nitrobenzene. Wilkins and Sinks (1990) conducted a case
control study evaluating parental occupation and intracranial neoplasms of childhood. 
Cases (N = 110) of primary malignant neoplasm of the brain that were diagnosed from 
1975 to 1982 were identified from a pediatric hospital tumor registry. Controls (N = 193), 
matched to each case by age, race, and gender, were selected by random-digit dialing. 
Biological parents of subjects were interviewed and queried for parental occupational 
histories, general demographics, use of selected household products (including 
pesticides), hobbies, pets, index pregnancy and birth characteristics, information on 
pregnancies, other lifestyle factors (e.g., smoking), and medical histories related to 
pregnancy. Data analyses focussed on three major time periods: postnatal (birth to 
diagnosis), prenatal (stratified by trimester), and preconception (the 12 months before the 
estimated month of conception).  

Exposure was assessed with a job-exposure matrix and job-clustering scheme previously 
developed (Hoar et al. 1980). Parents were classified by their industry of employment, 
which was derived from the Standard Industrial Classification Manual, and by their 
industry-specific task, which was based on the Dictionary of Occupational Titles. Parents 
were included a priori in the analysis if exposure was to any nitrosamine or nitrosamide, 
any nitrosatable amino compound, or any compound having a chemical structure similar 
to that of an N-nitroso group from all possible organic chemicals in the Hoar et al. (1980) 
system. 

Paternal employment in the agriculture, construction, metals, or food and tobacco 
industries was associated with an excess risk of childhood brain cancer (ORs ranged from 
1.8 to 3.3), with most of the excess risk occurring in the preconception period. However, 
the number of exposed cases in each category was small, ranging from 8 to 13, and most 
of the associations were not significant. Maternal employment in the food and tobacco 
industry was weakly associated with childhood brain tumors for all exposure periods 
(ORs ranged from 1.2 to 1.8). Job-exposure matrix analysis showed that childhood brain 
cancer was associated with paternal jobs linked with several aromatic amino and aromatic 
nitro compounds. The greater risk usually occurred with exposure to compounds in the 
postnatal period (ORs 3.4 to 4.4); however, small numbers precluded calculation of ORs 
for all chemicals. Paternal exposure to nitrobenzene during the postnatal period was 
associated with a small, nonsignificant risk of childhood brain cancer (OR = 1.6, 95% 
confidence interval = 0.4 to 6.1); ORs were not calculated for exposure during the 
preconception and prenatal periods.  

The paucity of data precludes evaluation of any human carcinogenic effect of 
nitrobenzene. The study by Wilkins and Sinks (1990) is limited in its ability to evaluate 
specific carcinogenic effects of nitrobenzene because of its small number of exposed 
cases and concerns about the validity of exposure assessment. 
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4 Studies of Cancer in Experimental Animals 

No oral or dermal carcinogenicity studies of nitrobenzene in animals were located. The 
only relevant carcinogenesis study is a Chemical Industry Institute of Toxicology (CIIT) 
two-year bioassay of the toxicity and carcinogenicity of nitrobenzene in B6C3F1 mice, 
F344/N rats, and CD (Sprague-Dawley–derived) rats (CIIT 1993, Cattley et al. 1994). In 
addition, studies by CIIT of the acute and subchronic toxicity of nitrobenzene in B6C3F1 
mice, F344/N rats, and CD rats (Medinsky and Irons 1985, CIIT 1993) are briefly 
reviewed in this section. The inhalation bioassay data and a mechanistic analysis, 
including a potential mode of carcinogenic action, also were discussed in a paper by 
Holder (1999b). 

4.1 Acute and 90-day toxicity studies 

In the acute toxicity study, 10 animals of each species, strain, and sex were exposed to 
nitrobenzene gas at a concentration of 0, 10, 35, or 125 ppm in inhalation chambers for 
6 hours/day, 5 days/week, for two weeks (Medinsky and Irons 1985). At the end of the 
two weeks, surviving animals were maintained in the inhalation chambers and were 
sacrificed 3 or 14 days later. Early morbidity and mortality were observed in mice and 
CD rats exposed to nitrobenzene at 125 ppm. The primary cause of death was cerebellar 
perivascular hemorrhage. No adverse clinical signs were observed in F344/N rats; 
however, dose-related increases in relative liver, spleen, and kidney weights were 
reported in this strain. There were marked sex, species, and strain differences in toxicity, 
with B6C3F1 mice and CD rats being more susceptible than F344/N rats. The spleen was 
the most sensitive target organ, with high incidences of histologic lesions in all groups 
exposed to nitrobenzene at 35 or 125 ppm. At the high dose, histologic lesions also were 
observed in the brain, liver, lung, and testes of B6C3F1 mice; brain, liver, lung, kidney, 
and testes of CD rats; and kidney and testes of F344/N rats. In addition, concentration
dependent increases in blood methemoglobin were observed in animals sacrificed three 
days after the last exposure but not in the groups sacrificed 14 days after the last 
exposure. 

In the 90-day rangefinding study, 10 animals of each species, strain, and sex were 
exposed to nitrobenzene gas at a concentration of 0, 5, 16, or 50 ppm (CIIT 1993). [The 
complete text of the report is available from CIIT; see the reference in Section 7 for 
ordering information.] Based on previous studies, end points of concern were anemia and 
methemoglobinemia (Hamm 1984, Hamm et al. 1984). Mean methemoglobin 
concentrations showed dose-related increases from 1.4 ± 0.6% to 10.3 ± 1.4% in F344 
rats, 1.4 ± 0.7% to 9.9 ± 2.3% in CD rats, and 1.0 ± 0.8% to 5.5 ± 1.3% in B6C3F1 mice. 
Other lesions were found in the spleen, liver, adrenal glands, and kidneys of all exposed 
groups (Hamm 1984). These observations of methemoglobinemia agreed with the acute 
toxicity results and were consistent with clinical methemoglobinemia observed in humans 
exposed to nitrobenzene (Reddy et al. 1976, Kiese 1966, Beauchamp et al. 1982, 
Goldstein and Rickert 1985, Nabarro 1948, Parkes and Neill 1953, Magos and Sziza 
1959, Harrison 1977). Methemoglobinemia was seen at concentrations of 5 ppm or 
higher in F344/N rats, 16 ppm or higher in CD rats, and 50 ppm in B6C3F1 mice. These 
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results provided the basis for selection of the highest exposure level for the two-year 
inhalation exposure study. 

4.2 Two-year inhalation exposure study 

Groups of male and female B6C3F1 mice (70 per sex per group) were exposed by 
inhalation to nitrobenzene at a concentration of 0, 5, 25, or 50 ppm, and groups of 
F344/N rats (70 per sex per group) and male CD rats (70 per group) were exposed at 0, 1, 
5, or 25 ppm. Exposures were for 6 hours/day, 5 days/week, for two years (CIIT 1993). 
The highest exposures reflected the anticipated maximum tolerable long-term levels, and 
the lowest exposure (1 ppm) matched the ACIGH occupational TLV. More than 40 
tissues were examined microscopically from animals in the control and high-dose groups 
to select the target organs for histological examination in all exposure groups (Table 4-1). 
Results for mice and rats are presented in Sections 4.2.1 and 4.2.2, respectively, and 
include both neoplastic and nonneoplastic lesions. 

Table 4-1. Target organs examined following inhalation exposure of mice and rats to 
nitrobenzene for two years 

Target organ 
B6C3F1 mice F344 rats CD rats 

Male Female Male Female Male 

Nasal cavity 
Spleen 
Liver 
Kidney 
Thyroid 
Parathyroid 
Lung 
Bone marrow 
Adrenal 
Testes 
Epididymis 
Uterus 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 

4.2.1 Mice 

Survival rates were unaffected by chronic inhalation exposure to nitrobenzene, except 
that survival of female mice exposed at 25 ppm was significantly increased (P = 0.01, 
Cox’s method for pairwise comparison). Mild body weight depression was observed in 
high-dose male mice from week 16 until the end of the study; however, mean body 
weights for all groups remained within 10% of the control means (Cattley et al. 1994). 
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4.2.1.1 Neoplastic lesions 

Inhalation exposure to nitrobenzene caused tumors in mice of both sexes; however, no 
metastatic sites were reported (Cattley et al. 1994; Holder 1999a, 1999b; Holder and 
Jinot 1998; CIIT 1993). Tumors were observed at several organ sites (Table 4-2). 
B6C3F1 male mice had both benign and malignant alveolar and bronchiolar lung tumors. 
The incidence of adenoma, but not carcinoma, increased in a dose-related manner. 
However, the exposed male mice had higher incidences of alveolar/bronchiolar 
carcinoma (12% to 15%) than did the concurrent control mice (6%). In addition, thyroid 
follicular cell adenoma was significantly increased in male mice. In female mice, the 
incidence of malignant mammary gland tumors in the high-dose group was about 8% 
(5/60), significantly higher than in the controls. [The spontaneous incidence of mammary 
gland carcinoma in the NTP carcinogenicity studies is about 1.6% (31/1,902) (Haseman 
et al. 1998).] Not all animals in the 5- and 25-ppm groups were analyzed histologically 
for mammary gland tumors, because the mammary gland was not selected as a target 
organ. Neither benign nor malignant liver tumors were significantly increased in mice of 
either sex (Fisher’s exact test); however, female mice showed a significant dose-related 
increase in hepatocellular adenoma (Cattley et al. 1994, CIIT 1993). 
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Table 4-2. Tumor incidence in B6C3F1 mice following inhalation exposure to nitrobenzene for two years 

Sex 
Conc. 
(ppm) 

No. with tumor/no. examined (%) 
Lung alveolar/bronchiolar Liver hepatocellular 

Thyroid follicular 
cell adenoma 

Mammary gland 
adenocarcinomaaAdenoma Carcinoma Combined Adenoma Carcinoma Combined 

Male 0 7/68 (10) 4/68 (6) 9/68 (13) 14/68 (21) 12/68 (18) 25/68 (37) 0/65 (0) 0/4c (0) 
5 12/67 (18) 10/67 (15) 21/67 (31)** 18/65 (28) 13/65 (20) 30/65 (46) 4/65 (6) NE 

25 15/65 (23)* 8/65 (12) 21/65 (32)** 15/65 (23) 12/65 (18) 22/65 (34) 1/65 (2) NE 
50 

Trendb 

18/66 (27)** 
P = 0.01 

8/66 (12) 
NS 

23/66 (35)** 
P = 0.017 

14/64 (22) 
NS 

8/64 (13) 
NS 

21/64 (33) 
NS 

7/64 (11)** 
P = 0.015 

0/1c (0) 
NAP 

Female 0 4/53 (8) 2/53 (4) 6/53 (11) 6/51 (12) 1/51 (2) 7/51 (14) 2/49 (4) 0/48 (0) 
5 11/60 (18) 0/60 (0) 11/60 (18) 5/61 (8) 2/61 (3) 7/61 (11) 0/59 (0) 0/2c (0) 

25 3/64 (5) 4/64 (6) 6/64 (9) 5/64 (8) 3/64 (5) 7/64 (11) 3/61 (5) NE 
50 

Trendb 

2/62 (3) 
P = 0.018N 

4/62 (6) 
NS 

6/62 (10) 
NS 

13/62 (21) 
P = 0.036 

1/62 (2) 
NS 

14/62 (23) 
NS 

2/61 (3) 
NS 

5/60 (8)* 
NAP 

Sources: CIIT 1993, Cattley et al. 1994, Holder 1999b. 

*P ≤ 0.05, **P ≤ 0.01 (Fisher’s exact test). 

aNE = not examined; NAP = not applicable (no statistical evaluation, because the full groups were not examined or the data did not meet the criteria for the
 
statistical trend test). 

bCochran-Armitage trend test; N = negative trend; NS = not significant. 

c[The lack of pathology may be considered a data gap, as the small number of animals reported does not represent a statistically valid sample.]
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4.2.1.2 Nonneoplastic lesions 

Exposed mice exhibited clinical blood dyscrasias, anemia, and methemoglobinemia. 
Female B6C3F1 mice showed decreased red blood cell count, hematocrit, and 
hemoglobin at 5 and 25 ppm but, oddly, not at 50 ppm. Male B6C3F1 mice showed 
decreased red blood cell count, hematocrit, and hemoglobin at 50 ppm. Both exposed and 
control mice exhibited Howell-Jolley bodies and polychromasia. Methemoglobin was 
observed at the highest exposure level in all mice and appeared to be the most persistent 
and characteristic toxicological end point of nitrobenzene exposure. Methemoglobin 
production likely is involved in the hemotoxic effects initiated by the reduction and 
oxidation (redox) properties of nitrobenzene and its metabolites in red blood cells (Kiese 
1966, Kiese et al. 1972, Holder 1999b) (see Sections 6.2–6.4). 

Organ effects occurred mostly at the highest exposure level. Toxic effects or degenerative 
changes occurred in the nose and lung (the route of entry), liver, and thyroid (Table 4-3) 
(Cattley et al. 1994, CIIT 1993). Several nonneoplastic lesions were increased in the bone 
marrow, testes, thymus, kidney, and pancreas in the high-dose group. In mice, increased 
incidences of inflammatory cells were seen in the submucosa of the sinus cavity, as well 
as degeneration and loss of olfactory epithelium and pigment deposition. 
Bronchialization of the alveolar walls was significantly increased at all exposure 
concentrations in both sexes. Incidences of alveolar/bronchiolar hyperplasia (a presumed 
preneoplastic lesion) were significantly increased in male mice at the mid and high doses 
and in female mice at the mid dose. In male mice, sperm counts were decreased at the 
high dose, and the incidences of multinucleated hepatocytes and centrilobular 
hepatocellular enlargement were increased at all dose levels. High-dose female mice 
showed centrilobular hepatocellular enlargement. 
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Table 4-3. Incidences of selected nonneoplastic lesions in B6C3F1 mice following inhalation exposure to nitrobenzene for two 
years 

Sex 
Conc. 
(ppm) 

No. with lesion/no. examined (%) 

Lung Liver  Nosea 

Thyroid 
follicular cell 
hyperplasia 

Alveolar/ 
bronchiolar 
hyperplasia 

Bronchial
ization 

Centrilobular 
hepato

cytomegaly 

Multi
nucleated 

hepatocytes 

Increased 
secretory 
product 

respiratory 
epithelium 

Degeneration 
olfactory 

epithelium 

Pigment 
deposition 
olfactory 

epithelium 

M 0 

5 

25 

50 

Trendb 

1/68 (1) 

2/67 (3) 

8/65 (12)* 

13/66 (20)*** 

P < 0.001 

0/68 (0) 

58/67 (87)*** 

58/65 (89)*** 

62/66 (94)*** 

P < 0.001 

1/68 (1) 

15/65 (23)*** 

44/65 (68)*** 

57/64 (89)*** 

P < 0.001 

2/68 (3) 

14/65 (22)*** 

45/65 (69)*** 

56/64 (88)*** 

P < 0.001 

0/67 (0) 

0/66 (0) 

3/65 (5) 

6/66 (9)* 

P < 0.001 

1/67 (1) 

1/66 (2) 

32/65 (49)*** 

41/66 (62)*** 

P < 0.001 

0/67 (0) 

7/66 (11)** 

46/65 (71)*** 

49/66 (74)*** 

P < 0.001 

1/65 (2) 

4/65 (6) 

7/65 (11)* 

12/64 (19)*** 

P < 0.001 

F 0 

5 

25 

50 

Trendb 

0/53 (0) 

2/60 (3) 

5/64 (8)* 

1/62 (2) 

NS 

0/53 (0) 

55/60 (92)*** 

63/64 (98)*** 

62/62 
(100)*** 

P < 0.001 

0/51 (0) 

0/61 (0) 

0/64 (0) 

7/62 (11)* 

P < 0.001 

0/51 (0) 

0/61 (0) 

0/64 (0) 

2/62 (3) 

NS 

2/52 (4) 

7/60 (12) 

19/63 (30)*** 

32/61 (52)*** 

P < 0.001 

0/52 (0) 

19/60 (32)*** 

47/63 (75)*** 

42/61 (69)*** 

P < 0.001 

0/52 (0) 

6/60 (10)* 

37/63 (59)*** 

29/61 (48)*** 

P < 0.001 

2/49 (4) 

1/59 (2) 

1/61 (2) 

8/61 (13) 

P = 0.007 

Sources: CIIT 1993, Cattley et al. 1994. 

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 (Fisher’s exact test). 

aFour transverse sections of the nose were examined. The data are for level 3. 

bCochran-Armitage trend test; NS = not significant..
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4.2.2 Rats 

As in mice, survival rates were unaffected by chronic inhalation exposure to 
nitrobenzene. Mild body weight depression was observed in low-dose female F344/N rats 
and low- and high-dose male F344/N rats from week 16 until the end of the study; 
however, mean body weights for all groups remained within 10% of the control means 
(Cattley et al. 1994). 

4.2.2.1 Neoplastic lesions 

Inhalation exposure to nitrobenzene caused benign and malignant tumors at several organ 
sites and in both strains of rats (Cattley et al. 1994, Holder 1999a, 1999b, Holder and 
Jinot 1998, CIIT 1993). No metastatic sites were reported. Table 4-4 summarizes the 
results for each organ site at which a biologically and statistically significant tumorigenic 
response was seen in at least one sex or strain. 

Male F344/N rats exposed to nitrobenzene at 25 ppm had significantly increased 
incidences of hepatocellular adenoma, hepatocellular adenoma or carcinoma combined, 
kidney tubular cell adenoma, and kidney tubular cell adenoma or adenocarcinoma 
combined. These tumor incidences exhibited significant dose-related trends. Incidences 
of kidney tubular cell adenocarcinoma were not significantly increased; however, these 
tumors are rare. [The reported rate for these tumors in male F344 inhalation chamber 
control rats in NTP carcinogenicity studies is 1/902 (Haseman et al. 1998).] Male F344/N 
rats also showed significant dose-related trends in the incidences of hepatocellular 
carcinoma, thyroid follicular cell adenocarcinoma, and thyroid follicular cell adenoma or 
adenocarcinoma combined, although the incidences were not significantly higher than in 
controls when tested by pairwise comparison. In female F344/N rats, the incidence of 
benign uterine tumors (endometrial polyps) was significantly higher in the high-dose 
group than in the control group. The incidences of endometrial polyps, hepatocellular 
carcinoma, and hepatocellular adenoma or carcinoma combined also showed significant 
dose-related trends in female rats. 

Cattley et al. (1994) reported that male CD rats were selected as a second rat strain 
because male F344/N rats exhibit high spontaneous rates of testicular neoplasia. No 
testicular neoplasia was observed in male CD rats. However, male CD rats did show 
increased incidences of hepatocellular adenoma and hepatocellular adenoma or 
carcinoma combined that were significant only at 25 ppm (Table 4-4). These obervations 
of liver cancer in CD rats are concordant with the results for F344/N rats. 
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Table 4-4. Tumor incidence in F344/N or CD rats following inhalation exposure to nitrobenzene 

Strain 
& sex 

Conc. 
(ppm) 

No. with tumors/no. examined (%) 

Liver hepatocellular Kidney tubular cell Thyroid follicular cell Uterus 
endo
metrial 
polypaAdenoma Carcinoma Comb. Adenoma 

Adeno
carcinoma Comb. Adenoma 

Adeno
carcinoma Comb. 

F344/N 0 1/69 (1) 0/69 (0) 1/69 (1) 0/69 (0) 0/69 (0) 0/69 (0) 0/69 (0) 2/69 (3) 2/69 (3) NAP 
M 1 3/69 (4) 1/69 (1) 4/69 (6) 0/68 (0) 0/68 (0) 0/68 (0) 0/69 (0) 1/69 (1) 1/69 (1) 

5 3/70 (4) 2/70 (3) 5/70 (7) 0/70 (0) 0/70 (0) 0/70 (0) 2/70 (3) 3/70 (4) 5/70 (7) 

25 15/70 (21)*** 4/70 (6) 16/70 (23)*** 5/70 (7)* 1/70 (1) 6/70 (9)* 2/70 (3) 6/70 (9) 8/70 (11) 

Trendb P < 0.001 P = 0.04 P < 0.001 P < 0.001 NS P < 0.001 NS P = 0.035 P = 0.01 

F344/N 0 0/70 (0) 0/70 (0) 0/70 (0) 0/70 (0) 0/70 (0) 0/70 (0) 0/69 (0) 0/69 (0) 0/69 (0) 11/69 (16) 
F 1 2/66 (3) 0/66 (0) 2/66 (3) 0/66 (0) 0/66 (0) 0/66 (0) 0/7c (0) 0/7c (0) 0/7c (0) 17/65 (26) 

5 0/66 (0) 0/66 (0) 0/66 (0) 0/66 (0) 0/66 (0) 0/66 (0) 0/4c (0) 0/4c (0) 0/4c (0) 15/65 (23) 

25 3/70 (4) 2/70 (3) 4/70 (6) 0/70 (0) 0/70 (0) 0/70 (0) 2/68 (3) 1/68 (1) 3/68 (4) 25/69 (36)** 

Trendb NS P = 0.047 P = 0.036 NAP NAP NAP NAP NAP NAP P = 0.01 

CD 0 1/63 (2) 2/63 (3) 2/63 (3) 2/63 (3) 0/63 (0) 2/63 (3) 2/63 (3) 4/63 (6) 5/63 (8) NAP 
M 1 1/67 (1) 0/67 (0) 1/67 (1) 0/67 (0) 1/67 (1) 1/67 (1) 4/64 (6) 1/64 (2) 5/64 (8) 

5 2/70 (3) 2/70 (3) 4/70 (6) 2/70 (3) 0/70 (0) 2/70 (3) 2/68 (3) 1/68 (1) 3/68 (4) 

25 7/65 (11)* 2/65 (3) 9/65 (14)* 0/65 (0) 0/65 (0) 0/65 (0) 3/64 (5) 2/64 (3) 5/64 (8) 

Trendb P = 0.003 NS P = 0.002 NS NS NS NS NS NS 
Sources: CIIT 1993, Cattley et al. 1994, Holder 1999b. 

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 (Fisher’s exact test).
 
aNAP = not applicable.; no statistical evaluation because the full groups were not examined or the data did not meet the criteria for the statistical test. 

bCochran-Armitage trend test; NS = not significant (P > 0.05). 

c[The number of animals was too small for statistical comparison.]
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4.2.2.2 Nonneoplastic effects 

Rats exhibited clinical blood dyscrasias, anemia, and methemoglobinemia. Decreases in 
red blood cells count, hematocrit, and hemoglobin protein occurred in high-dose F344/N 
rats but not in high-dose CD rats. Incidences of Howell-Jolley bodies and polychromasia 
were increased in both rat strains. The spleens of F344/N rat showed congestion, 
extramedullary hematopoiesis, follicular atrophy, and pigment deposition, and those of 
CD rats showed pigmentation. As with mice, methemoglobin was observed in all rats at 
the highest exposure level and appeared to be the most persistent and characteristic 
toxicological end point of nitrobenzene exposure.  

Effects on organs in F344/N and CD rats occurred mostly at the highest exposure level 
(25 ppm) (Table 4-5). Toxic effects or degenerative changes occurred in the nose, liver, 
thyroid, testes, and kidney (Cattley et al. 1994, CIIT 1993). Nasal tissue pigmentation 
and epithelialization (i.e., orderly regrowth of denuded epithelium) were observed. The 
livers of F344/N rats exhibited eosinophilic foci, and centrilobular hepatocytomegaly was 
seen in F344/N rats and mid- and high-dose male CD rats. In F344/N rats, significant 
dose-related increases were observed in the incidences of chronic nephropathy in females 
and kidney tubular hyperplasia in males. These kidney lesions were not increased in CD 
rats. In male F344/N rats, dose-related increases were seen in thyroid follicular cell 
hyperplasia and kidney tubular hyperplasia. CD rats showed bilateral atrophy of the testes 
and epididymal hypospermia at the highest exposure level. 
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Table 4-5. Incidences of selected nonneoplastic lesions in F344 and CD rats following inhalation exposure to nitrobenzene for two years 

Strain 
& sex 

Conc. 
(ppm) 

No. with lesion/no. examined (%) 

Liver Kidney Thyroida Noseb Testesc 

Eosinophilic 
foci 

Centrilobular 
hepato

cytomegaly 
Spongiosis 

hepatis 
Chronic 

nephropathy 
Tubular 

hyperplasia 
Follicular cell 
hyperplasia 

Pigment 
deposition 
olfactory 

epithelium 
Bilateral 
atrophy 

F344 M 0 

1 

5 

25 

Trendd 

29/69 (42) 

25/69 (36) 

44/70 (63)* 

57/70 (81)*** 

P < 0.001 

0/69 (0) 

0/69 (0) 

8/70 (11)** 

57/70 (81)*** 

P < 0.001 

25/69 (36) 

24/69 (35) 

33/70 (47) 

58/70 (83)*** 

P < 0.001 

69/69 (100) 

64/68 (94) 

70/70 (100) 

70/70 (100) 

NS 

2/69 (3) 

2/68 (3) 

2/70 (3) 

13/70 (19)** 

P < 0.001 

0/69 (0) 

1/69 (1) 

2/70 (3) 

4/70 (6) 

P = 0.04 

40/67 (60) 

53/67 (79)* 

67/70 (96)*** 

68/69 (99)*** 

P < 0.001 

61/69 (88) 

50/56 (89) 

59/61 (97) 

61/70 (87) 

NS 

F344 F 0 

1 

5 

25 

Trendd 

6/70 (9) 

9/66 (14) 

13/66 (20) 

16/70 (23)* 

P = 0.03 

0/70 (0) 

0/66 (0) 

0/66 (0) 

0/70 (0) 

NS 

0/70 (0) 

0/66 (0) 

0/66 (0) 

6/70 (9)* 

P < 0.001 

58/70 (83) 

51/66 (77) 

60/66 (91) 

67/70 (96)* 

P = 0.004 

0/70 (0) 

0/66 (0) 

2/66 (3) 

2/70 (3) 

NS 

1/69 (1) 

NE 

NE 

0/68 (0) 

NS 

37/67 (55) 

54/65 (83)*** 

60/65 (92)*** 

66/66 (100)*** 

P < 0.001 

NAP 

CD 0 11/63 (17) 3/63 (5) 25/63 (40) 54/63 (86) 3/63 (5) 2/63 (3) 42/63 (67) 11/62 (18) 
M 

1 3/67 (4) 1/67 (1) 25/67 (37) 60/67 (90) 1/67 (1) 2/64 (3) 49/64 (77) 17/66 (26) 

5 8/70 (11) 14/70 (20)** 25/70 (36) 63/70 (90) 5/70 (7) 1/68 (1) 60/66 (91)*** 22/70 (31) 

25 19/65 (29) 39/65 (60)*** 37/65 (57)* 59/65 (91) 6/65 (9) 4/64 (6) 58/61 (95)*** 35/61 (57)*** 

Trendd P < 0.001 P < 0.001 P = 0.006 NS NS NS P < 0.001 P < 0.001 
Sources: CIIT 1993, Cattley et al. 1994. 

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 (Fisher’s exact test).
 
aNE = not examined. 

bFour transverse sections of the nose were examined. The data are for level 3. 

cNAP = not applicable. 

dCochran-Armitage trend test; NS = not significant.
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4.3 Summary 
Following inhalation exposure to nitrobenzene, male B6C3F1 mice showed significant 
increases in lung and thyroid follicular cell neoplasms, and female B6C3F1 mice showed 
increased incidences of mammary gland adenocarcinoma. Neoplasms showing exposure
related increases in rats included hepatocellular neoplasia (male F344/N and male CD 
rats), kidney tubular cell tumors (male F344/N rats), and endometrial stromal polyps 
(female F344/N rats). In addition, there were marginal increases in the incidences of 
hepatocellular neoplasia in female B6C3F1 mice and F344/N rats, and thyroid follicular 
cell neoplasia in male F344/N rats.  
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5 Genotoxicity 

In 1996, IARC reviewed the genetic effects of nitrobenzene (IARC 1996). Nitrobenzene 
did not induce reverse mutation in Salmonella typhimurium, with or without mammalian 
metabolic activation. Inhalation exposure of rats to nitrobenzene did not induce 
unscheduled DNA synthesis (UDS), sister chromatid exchange (SCE), or chromosomal 
aberrations in lymphocytes in the blood or spleen. Table 5-1 summarizes the studies 
examined by IARC (1996) and several more recent studies (discussed below).  

Table 5-1. Genetic and related effects of nitrobenzene exposure 

Test System End Point 

Resultsa 

References 

without 
metabolic 
activation 

with 
metabolic 
activation 

S. typhimurium TA98 reverse mutation – – Haworth et al. 1983, 
Shimizu et al. 1983, 
Aßmann et al. 1997 

S. typhimurium TA98 reverse mutation – –b Dellarco and Prival 
1989 

S. typhimurium TA98 reverse mutation – ND Chiu et al. 1978, Vance 
and Levin 1984 

S. typhimurium TA1537 reverse mutation – – Shimizu et al. 1983 

S. typhimurium TA1538 reverse mutation – – Shimizu et al. 1983 

S. typhimurium TA100 reverse mutation – – Haworth et al. 1983, 
Shimizu et al. 1983, 
Aßmann et al. 1997 

S. typhimurium TA100 reverse mutation – ND Chiu et al. 1978, Vance 
and Levin 1984 

S. typhimurium TA100 reverse mutation – –b Dellarco and Prival 
1989 

S. typhimurium TA1535 reverse mutation – – Haworth et al. 1983, 
Shimizu et al. 1983 

S. typhimurium TA1535 reverse mutation – ND Vance and Levin 1984 

S. typhimurium TA98NR reverse mutation ND – Suzuki et al. 1987, 
Vance and Levin 1984 

S. typhimurium TA98/1,8-
DNP6 

reverse mutation ND – Suzuki et al. 1987 

S. typhimurium 
TA100NR, TA1537NR, 
TA97a 

reverse mutation – ND Vance and Levin 1984 

Rat hepatocytes UDS – NAP Butterworth et al. 1989 
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Test System End Point 

Resultsa 

References 

without 
metabolic 
activation 

with 
metabolic 
activation 

Human hepatocytes UDS – NAP Butterworth et al. 1989 

Human peripheral blood 
lymphocytes 

chromosomal 
aberrations 

+ NAP Huang et al. 1995, 1996 

Male F344 rat peripheral 
blood lymphocytes in vivo 

SCE, 
chromosomal 
aberrations 

– NAP Kligerman et al. 1983 

Male F344 rat splenic 
lymphocytes in vivo 

SCE – NA Kligerman et al. 1983 

aND = not determined; NAP = not applicable. 
bPreincubation with flavin mononucleotide to facilitate nitro reduction. 

Few studies on genetic effects of nitrobenzene have been published since 1995. The more 
recent studies are summarized below. 

5.1 Prokaryotic systems: induction of mutation in Salmonella typhimurium 
Aßmann et al. (1997) assessed the genotoxicity of nitrobenzene in S. typhimurium strains 
TA98 and TA100, both in the presence and in the absence of induced-rat liver S9 
metabolic activation. At concentrations ranging from 316 to 5,050 μg/plate, after 
incubation for 48 hours, nitrobenzene did not induce reverse mutation in either strain.  

5.2 Mammalian systems: chromosomal aberrations in vitro 
In two separate studies, Huang et al. (1995, 1996) examined the genotoxic effects of 
nitrobenzene in human peripheral blood lymphocytes. The percentage of aberrant cells 
(the number of cells with structural chromosomal aberrations among 100 metaphase 
cells) was 33.2% after exposure to nitrobenzene at a concentration of 0.8 mmol/L for 24 
hours (Huang et al. 1995), clearly higher than in the dimethylsulfoxide control (1.8%). In 
a later study, exposure to nitrobenzene at 50 mmol/L for 24 hours significantly increased 
the percentage of aberrant cells (t-test, P < 0.01) (Huang et al. 1996). 

5.3 Summary 
IARC (1996) concluded that nitrobenzene was not genotoxic in bacteria, mammalian 
cells in vitro, or mammals in vivo. Few studies on nitrobenzene have been published 
since the 1996 IARC review of nitrobenzene. In agreement with the studies summarized 
by IARC (1996), the study by Aßmann et al. (1997) found that nitrobenzene was not 
genotoxic in S. typhimurium. However, Huang et al. (1995, 1996) found that exposure to 
nitrobenzene in vitro induced chromosomal aberrations in human peripheral blood 
lymphocytes. 
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6 Other Relevant Data 

6.1 Absorption, excretion, and metabolism in animals and humans 
6.1.1 Absorption and excretion 

Skin absorption of liquid nitrobenzene in humans and monkeys has been measured in 
vitro and in vivo. At high concentrations on the human forearm (15 mg/cm2), an initial 
absorption rate of 1.85 mg/cm2 was observed (Salmowa and Piotrowski 1960). At lower 
concentrations (4 μg/cm2), 1.5% of the applied dose was absorbed in 24 hours (Feldmann 
and Maibach 1970). In monkeys, in vivo absorption of nitrobenzene applied as an acetone 
solution (4 μg/cm2) to abdominal skin was 4.2% in 24 hours. In vitro penetration of 
human and monkey abdominal skin was 7.8% and 6.2%, respectively, of the applied dose 
(4 μg/cm2) in 24 hours (Bronaugh and Maibach 1985). 

Human subjects retained about 80% of nitrobenzene inhaled at concentrations of 5 to 
30 μg/L (Beauchamp et al. 1982 and references therein). Nitrobenzene in the vapor (gas) 
phase also is readily absorbed through the skin. Between 8 and 19 mg was absorbed by 
naked humans exposed to nitrobenzene for six hours at a concentration of 10 mg/m3 

(Piotrowski 1967). Inhaled nitrobenzene is extensively absorbed in humans. 

A major route of excretion of nitrobenzene in humans and laboratory animals is the urine. 
Urinary excretion accounts for about two thirds of the nitrobenzene administered to rats 
(Rickert et al. 1983) and rabbits (Robinson et al. 1951, Parke 1956), about one third of 
the dose in mice (Rickert et al. 1983), and from 6% to 37% in humans (Salmowa et al. 
1963). Feces account for the rest of the dose in experimental animals, with expired air 
accounting for 1% to 2% of the dose in rabbits, rats, and mice. Nearly all of the 
nitrobenzene excreted in the urine is in the form of metabolites (see Table 6-1). 

Table 6-1. Urinary excretion of nitrobenzene metabolites by rats and mice in the 
72 hours following an oral dose of nitrobenzene (225 mg/kg body weight) 

Metabolites 

Percentage of dose excreted 
(N = 3; mean ± s.d.) 

Fischer 344 rats CD rats B6C3F1 mice 

4-Aminophenol 0 0 0.1 ± 0.1 

4-Aminophenol glucuronide 0 0 0.2 ± 0.2 

4-Aminophenol sulfate 0 0 9.4 ± 1.3 

4-Nitrophenol 0 2.2 ± 0.6 0.8 ± 0.1 

4-Nitrophenol glucuronide 0 0.5 ± 0.1 6.3 ± 1.1 

4-Nitrophenol sulfate 19.9 ± 1.1 13.0 ± 2.4 7.2 ± 1.2 

3-Nitrophenol 0 1.2 ± 0.4 0.1 ± 0.1 

3-Nitrophenol glucuronide 0 0.5 ± 0.2 0 

3-Nitrophenol sulfate 10.2 ± 0.6 6.2 ± 1.7 6.1 ± 1.2 
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Metabolites 

Percentage of dose excreted 
(N = 3; mean ± s.d.) 

Fischer 344 rats CD rats B6C3F1 mice 

4-Hydroxyacetanilide 0 1.3 ± 0.2 0.4 ± 0.0 

4-Hydroxyacetanilide glucuronide 0 1.8 ± 0.6 3.1 ± 0.3 

4-Hydroxyacetanilide sulfate 19.0 ± 0.9 5.8 ± 1.2 0.4 ± 0.1 

Source: Rickert et al. 1983. 

6.1.2 Metabolism 

The metabolism of nitrobenzene in vivo has been studied in several laboratory animals 
and in humans after accidental and experimental exposures. Overall, the metabolism of 
nitrobenzene in humans and animals is quite similar (see Section 6.1.2.1). The 
metabolism of nitrobenzene in in vitro preparations from human tissues does not seem to 
have been studied. [However, similarities in the metabolism of other nitroaromatic 
compounds by human and animal tissue preparations suggest that data derived from 
animal preparations may be extrapolated to human preparations] (see Section 6.1.2.2). 

6.1.2.1 In vivo 

The metabolism of nitrobenzene has been studied after oral administration in rabbits 
(Robinson et al. 1951, Parke 1956), several strains of rat (Tomaszewski et al. 1975, 
Rickert et al. 1983), and B6C3F1 mice (Rickert et al. 1983). Table 6-2 lists metabolites of 
nitrobenzene in various species and strains. In all cases, the most abundant excreted 
metabolites were p-nitrophenol, m-nitrophenol, and p-hydroxyacetanilide (which may 
have been converted to p-aminophenol by isolation procedures used in the earlier studies) 
(Robinson et al. 1951, Parke 1956, Kao et al. 1978). These metabolites were excreted 
mainly as their sulfate or glucuronide conjugates. In each case, nitro group reduction 
(yielding p-hydroxyacetanilide or p-aminophenol) was an important pathway. The 
percentage of dose proceeding through nitro group reduction varied among strains and 
species, from about 13% in B6C3F1 mice to about 31% in rabbits. 

Parke (1956) also examined the urine collected from rabbits and guinea pigs orally 
exposed to [14C]nitrobenzene for the presence of azoxybenzene, azobenzene, and 
benzidine. Although Robinson et al. (1951) had reported that phenolhydroxylamine 
derived from metabolism of nitrobenzene gave rise to azoxy-, azo-, and hydrazo-benzene 
(recovered as benzidine) in vitro, no radioactivity associated with these putative products 
was recovered by Parke (1956). 

In an attempt to elucidate the marked differences in the toxicity of inhaled nitrobenzene 
in a number of species and strains, Rickert et al. (1983) gave F344 rats, CD rats, and 
B6C3F1 mice a single oral dose of [14C]nitrobenzene. Urinary metabolites were separated 
by high-pressure liquid chromatography, with quantitation of radioactivity by liquid 
scintillation spectrometry. Excretion of nitrobenzene metabolites as a percentage of the 
total dose is summarized in Table 6-1 (above). Based on the urinary metabolites 
identified in these strains of rats and mice, Rickert (1987) proposed the overall 
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mammalian metabolic pathway illustrated in Figure 6-1. Table 6-2 lists the potential 
human metabolites of nitrobenzene identified in animal urine. 

Humans have been exposed to nitrobenzene accidentally (Ikeda and Kita 1964) and 
experimentally by inhalation (Piotrowski 1967, Salmowa et al. 1963). As in animals, the 
major metabolites isolated from urine are p-nitrophenol (4-nitrophenol) and p
aminophenol (4-aminophenol) (or perhaps p-hydroxyacetanilide that was converted to p
aminophenol during sample preparation). p-Aminophenol was found after acute 
poisoning, but lower nitrobenzene exposures yielded mostly p-nitrophenol. [It is possible 
that p-aminophenol still was present but at a concentration below the relatively poor 
sensitivity of the assay.] 

Table 6-2. Potential human nitrobenzene metabolites identified in animal urine, 
grouped by general chemical structure 

Metabolite Animala Referenceb 

Ring oxidation products 

2-Nitrophenol rabbit 1, 2 

3-Nitrophenol rabbit, CD rat, mouse, guinea pig 1, 2, 3, 4 

3-Nitrophenol glucuronide CD rat, mouse 3, 4 

3-Nitrophenol sulfate F344 rat, CD rat, mouse, guinea pig 3, 4 

4-Nitrophenol rabbit, CD rat, mouse, guinea pig 1, 2, 3, 4 

4-Nitrophenol glucuronide CD rat, mouse 3, 4 

4-Nitrophenol sulfate F344 rat, CD rat, mouse 3, 4 

4-Nitrocatechol rabbit, guinea pig 1, 2 

2-Aminophenol rabbit, guinea pig 1, 2 

3-Aminophenol rabbit, guinea pig 1, 2 

4-Aminophenol rabbit, mouse, guinea pig 1, 2, 3, 4 

4-Aminophenol glucuronide rabbit, mouse 1, 3 

4-Aminophenol sulfate rabbit, mouse 1, 3 

Nitroquinol rabbit, guinea pig 2 

Reduction product 

Aniline rabbit 1, 2 

Modified products 

4-Hydroxyacetanilidine  CD rat, mouse 3, 4 

4-Hydroxyacetanilidine glucuronide CD rat, mouse 3, 4 

4-Hydroxyacetanilidine sulfate F344 rat, CD rat, mouse 3, 4 

Ring-cleavage product 

4-Nitrophenylmercapturic acid rabbit, guinea pig 2 
aF344 rat = Fischer 344 rat; mouse = B6C3F1 mouse. 
b1 = Robinson et al. 1951; 2 = Parke 1956; 3 = Rickert et al. 1983; 4 = Rickert 1987. 
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6.1.2.2 In vitro 

The major site for reduction of the nitro group to an amine in animals, and probably 
humans as well, likely is in the bacteria inhabiting the intestine. On the other hand, a one
electron reduction can take place, and this may occur throughout the mammalian body. 

In vitro studies using liver microsomal preparations have shown that reduction of 
nitrobenzene to aniline occurs rapidly under anaerobic conditions and poorly, if at all, in 
the presence of oxygen (Harada and Omura 1980, Levin and Dent 1982). Levin and Dent 
(1982) calculated that in Fischer 344 rats, reduction of nitrobenzene to aniline was 150
fold faster in cecal contents than in liver, even if the calculation was based on the rate of 
nitrobenzene reduction in liver microsomal preparations incubated anaerobically. 
Reduction rates could not be compared between cecal contents and liver microsomes 
incubated aerobically because of the extremely low rates in the liver preparation. 

36
 



 
 

 

 

NO2 

NH2 

NO2 

OSO3H 

m-Nitrophenol Sulfate 
OSO3H 

NO2 NH2 NH2 

p-Aminophenol OH 
NO2 Sulfate 

m-Nitrophenol 

Nitrobenzene Aniline NH2O-Gl OH 

p-Aminophenol 
m-Nitrophenol Glucuronide 

NO2 

O-Gl 
UNKNOWN I UNKNOWN II p-Aminophenol 

NO2 Glucuronide 

OSO3H 

p-Nitrophenol Sulfate 

NO2 
OH 

p-Nitrophenol 

O-Gl 

p-Nitrophenol Glucuronide 

09/19/02 RoC Background Document for Nitrobenzene 

Figure 6-1. Potential nitrobenzene metabolites in mammals (Adapted from Rickert 1987) 

37
 



 
 

 

 

 

  

09/19/02 RoC Background Document for Nitrobenzene 

Although reduction of nitrobenzene under aerobic conditions has been detected in 
incubations with isolated rat hepatocytes (Blaauboer and Van Holsteijn 1983), the two 
studies discussed below suggest that hepatic reductases may contribute less to the 
production of reduced metabolites in vivo than do anaerobic bacteria. Reduction of 
nitrobenzene is important in the production of methemoglobinemia (Holder 1999b), and 
Reddy et al. (1976) showed that rats whose intestines were not colonized by bacteria did 
not develop measurable methemoglobinemia after doses of nitrobenzene that produced 
30% to 40% methemoglobinemia in conventional rats. Levin and Dent (1982) followed 
up their observations in vitro with an in vivo experiment in which control and antibiotic
treated rats were given a dose of nitrobenzene, and the urinary metabolites were 
quantified. The one identified metabolite arising from nitrobenzene reduction, p
hydroxyacetanilide, accounted for about one-sixteenth as much of the dose in antibiotic
treated animals as it did in normal rats. 

Although a complete six-electron reduction from nitrobenzene to aniline does not occur 
in aerobic incubations, one-electron reduction does, and this likely has toxicological 
implications. Studies with various nitroaromatic compounds suggested that in the 
presence of NADPH, a flavin component of microsomes effects a one-electron reduction 
of a nitro group to a nitroanion radical (Mason and Holtzman 1975a, Sealy et al. 1978). 
In the presence of molecular oxygen, the nitroanion radical is quickly oxidized to the 
original compound, and the superoxide anion is produced in what is called a “futile 
reaction,” in which the parent nitrobenzene is regenerated. 

While most studies of in vitro nitrobenzene metabolism have been performed with 
preparations of liver or intestinal contents, Yoshioka et al. (1989) incubated nitrobenzene 
with boar spermatozoa. They demonstrated a small amount of conversion of the parent 
compound to phenylhydroxylamine.  

6.2 Human toxicity 
IARC (1996) reviewed toxic effects following acute exposure of humans to nitrobenzene. 
Acute nitrobenzene poisoning is characterized by methemoglobinemia with cyanosis, 
headache, dyspnea, and coma or death. IARC (1996) cited several case studies of 
methemoglobinemia occuring in individuals exposed to nitrobenzene; however, the data 
were not sufficient to indicate dose-response relationships.  

6.3 Considerations on whether nitrobenzene may be a human carcinogen 
A central question is whether the carcinogenicity of nitrobenzene in animals (see 
Section 4) is applicable to humans. This question is addressed in the following sections, 
which discuss metabolism, structure-activity relationships (SARs), and relevance of 
results in animals to potential human hazard.  

6.3.1 Metabolic manifestations implicating nitrobenzene carcinogenicity 

Nitrobenzene organ toxicity is manifest by its metabolism and organ concentrations of 
parent and metabolites. As discussed in Section 6.1.2, it is expected that nitrobenzene can 
be chemically reduced anywhere in the body. Nitrobenzene can be reduced at the 
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nitrogen atom to produce various reactive free radical intermediates, while also being 
ring oxidized to form various phenolic intermediates (see Figures 1-2 and 6-1). 

6.3.1.1 Reduction of nitrobenzene 

In rats, endogenous intestinal bacteria efficiently convert orally ingested nitrobenzene to 
reduced nitroxide intermediates. Mechanistically, this reduction is a concerted two
electron-step process from nitrobenzene to nitrosobenzene to phenylhydroxylamine to 
aniline (Figure 6-2a) (Holder 1999b). Once nitrobenzene and its metabolites are absorbed 
into the body, a microsomal one-electron step reduction process can produce reduced 
nitroxides, with aniline as its final product (Figure 6-2b). Thus, oral exposure results in 
formation of nitroxides in the cecum by bacterial nitroreductases, but inhalation exposure 
produces nitroxides mostly in microsomes (and possibly the mitochondria). Reduction at 
these two sites, by one-electron and two-electron steps, is catalyzed by different 
nitroreductase enzymes (Wheeler et al. 1975, Peterson et al. 1979, Levin and Dent 1982). 
When exposure is by inhalation, the gastroenteral reduction process is mostly bypassed; 
however, a small amount of nitrobenzene would be swallowed during inhalation exposre 
and thus be subject to cecal bacterial reduction. 

Although chemically reactive intermediates nitrosobenzene and phenylhydroxylamine are 
produced in both reduction processes (Figure 6-2a and b), only the one-electron-step 
reduction results in production of free-radical intermediates, such as the nitroanion free 
radical (Figure 6-2b) (Mason 1982, Mason and Holtzman 1975a). Whereas only modest 
steady-state levels of the nitroxides nitrosobenzene and phenylhydroxylamine occur in rat 
liver, significant amounts of these nitroxides persist in circulating red blood cells 
(Figure 6-3) (Eyer et al. 1980, Blaauboer and Van Holsteijn 1983). Nitrosobenzene and 
phenylhydroxylamine drive reactions forming methemoglobin and consuming NAD(P)H, 
thus maintaining a persistent redox couple (Eyer and Lierheimer 1980). Hence, frequent 
nitrobenzene re-exposures of rodents, as in the two-year bioassay, tend to initiate and 
maintain the cycling actions of the redox couple. This redox couple likely contributes to 
the slow kinetic elimination of nitrobenzene in addition to the “futile reaction” proposed 
by Rickert (1987). Because the circulation involves all tissues, the redox couple accounts 
in part for the pervasive and stable system toxicity set up by nitrobenzene exposure. The 
redox couple in RBCs constitutes an ongoing catalytic pool that resists nitrobenzene 
metabolic clearance and could affect many tissue types. This pervasiveness among organs 
may explain why each of the three rodent strains (two species) tested in the CIIT bioassay 
responded with tumors at many organ sites (eight). By extension, humans also may 
generate the redox couple via frequent exposures that could occur from frequent use of 
nitrobenzene. 

6.3.1.2 Oxidation of nitrobenzene 

Nitrobenzene can be oxidized by various microsomal oxygenases to form nitrophenols 
and derivative aminophenols (Rickert 1987, Robinson et al. 1951, Parke 1956, Medinsky 
and Irons 1985) (see Table 6-2). Ring oxidation produces mostly p-nitrophenol, p
aminophenol, and p-hydroxyacetanilide metabolites (among others), which are eliminated 
in the excreta (Rickert 1987, Parke 1956, Ikeda and Kita 1964). Nitrobenzene is modified 
toward more polarity by sulfation, acetylation, or glucuronidation.  
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The kinetics of urinary elimination of p-nitrophenol, the characteristic nitrobenzene 
elimination metabolite, are slow, suggesting that nitrobenzene is either recycled in the 
bile or retained by other means. Experimental results suggest that no significant bile 
recycling takes place (Salmowa et al. 1963, Rickert et al. 1983). It has been suggested 
that retention may be due, in part, to the oxidation “futile reaction” (Figure 6-2b), which 
may continually regenerate nitrobenzene, thereby slowing its net elimination from the 
body (Rickert 1987). The sustainable pool of persistent nitroxide intermediates and 
regeneration of the parent compound (Figure 6-2b) would result in resistance to the 
efficient elimination of nitrobenzene. By means of the “futile reaction,” tissues with 
sufficient O2 are able to oxidize nitroanion free radicals, thus producing superoxide 
anions while regenerating parent nitrobenzene (Bus and Gibson 1982, Mason and 
Holtzman 1975b, Sealy et al. 1978, Levin and Dent 1982, Holder 1999b). Considering 
the suspected carcinogenic properties of superoxide anion radicals, the “futile reaction” 
may account for a number of the toxic and/or carcinogenic effects of nitrobenzene (Trush 
and Kensler 1991, Flohé et al. 1985, Guyton and Kensler 1993, Feig et al. 1994, Cerutti 
1994, Dreher and Junod 1996). 

6.3.1.3 Conjugation of nitrosobenzene 

Nitrosobenzene is known to bind glutathione (GSH) during elimination, forming a 
relatively stable circulating glutathione–nitrosobenzene conjugate (GS-NOB). As shown 
in Figure 6-3, that GS-NOB may translocate throughout the body, where it may 
(1) homeolytically cleave to form the reactive glutathiyl radical, (2) undergo a redox 
reaction to form phenylhydroxylamine, or (3) rearrange to form glutathionesulfinamide, 
which in turn cleaves to produce aniline (Maples et al. 1989, Eyer 1979, Eyer and 
Lierheimer 1980, Eyer and Ascherl 1987, Holder 1999b). The third sequence is a major 
pathway for aniline production (see Figure 6-2). Aniline itself is a suspected animal 
carcinogen (NTP 1978) and may act as a nitroxide reservoir upon oxidation (not shown in 
Figure 6-1). 
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Source: Holder 1999b (used by permission of the publisher, Arnold Publishers, and the author, Dr. James 
Holder). 

a. Microbial nitroreductase reaction in the cecum. Free radicals are concerted and not released locally from 
the catalytic center of the nitroreductase. This could be the most important nitroreduction following oral 
exposure to nitrobenzene. The reactive intermediates nitrosobenzene, phenylhydroxylamine, and aniline are 
released and then absorbed and distributed in the body.  
b. Microsomal one-electron-step reduction mechanism. The reactive free radicals superoxide, nitroanion, 
hydronitroxide, and aminocation are produced. At fast rates of nitrobenzene catalysis, these reactive species 
may exceed the capacity of the local syncytia to quench them by spin traps. Not shown are enzymatic steps 
that can oxidize aniline to phenylhydroxylamine and nitrosobenzene. These reactions are driven by 
microsomal P-450s and NAD(P)H pools and perhaps mitochondrial flavins. These mechanisms are not 
completely understood. The aminocation free radical, although diagrammed here, has not been isolated, and 
its production remains theoretical. 
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Source: Holder 199b (used by permission of the publisher, Arnold Publishers, and the author, Dr. James Holder). 
The conversion of nitrosobenzene to phenylhydroxylamine is driven by the oxidation of NAD(P)H on the one side and the oxidation of endogenous heme-Fe2+ 

on the other. Nitrosobenzene can outcompete O2 for binding to functional hemoglobin. Not shown is the destabilization of tetrameric hemoglobin to αβ dimers. 
Nitrosobenzene can bind cysteine groups on functional hemoglobin, thereby denaturing the globin chain, resulting in hemopathy. Because of the redox 
disturbances, red blood cells are turned over more rapidly in the spleen, which becomes engorged. Glutathione can bind nitrosobenzene; the conjugate can move 
“masked” systemically and regenerate nitrosobenzene elsewhere, to restart the pernicious cycle. Other cell types are likely to regenerate nitrosobenzene and 
phenylhydroxylamine, but these mechanisms are less well understood.  

42
 



 
 

 

 
 

 

09/19/02 RoC Background Document for Nitrobenzene 

6.3.1.4 Nitrobenzene structure-activity relationships 

Nitrobenzene has structure-activity relationships with other aromatic nitro and amino 
compounds of concern. The NTP currently lists five selected nitroarenes in the Report on 
Carcinogens as reasonably anticipated to be human carcinogens. The tumor sites 
reported for these five nitroarenes are summarized in Table 6-3, together with the tumor 
sites identified for nitrobenzene in Section 4; the structures of these molecules are 
illustrated in Table 6-4. These five nitroarenes plus a sixth, 2-nitrofluorene, have been 
reviewed by IARC (1989) and evaluated as possibly carcinogenic to humans (Group 2B). 
Another nine nitroarenes also were reviewed by the same IARC working group, and each 
was designated as not classifiable as to its carcinogenicity to humans (Group 3); these 
included 3,7-dinitrofluoranthrene, 3,9-dinitrofluoranthrene, 1,3-dinitropyrene, 7
nitrobenz[a]anthracene, 6-nitrobenzo[a]pyrene, 1-nitronaphthalene, 2-nitronaphthalene, 
3-nitroperylene, and 2-nitropyrene. 

Holder (1999b) reported that of 16 nitroarenes tested by the NTP, 62.5% (10/16) were 
carcinogenic in mice and/or rats. Further SAR analysis of these NTP data suggest that 
other functional groups, such as multiple strong electron withdrawing groups, can 
suppress nitroarene carcinogenicity. Therefore, the mere presence of a nitro group in a 
compound does not necessarily connote carcinogenicity (Rosenkranz and Mermelstein 
1983). A systematic study was made of certain amines that might produce nitroxide 
intermediates. Eleven of the chosen amines were known to be carcinogens, and eight 
were not carcinogenic (Stier et al. 1980). The characteristic nitroxide electron spin 
resonance (ESR) signal (stable free radicals) was found in 91% of the carcinogenic 
amines, but only 25% of the noncarcinogenic amines. While not completely 
deterministic, this study suggests that those amines which generated the nitroxide ESR 
signal in metabolism have a tendency to be involved with carcinogenesis. No analogous 
systematic study was located for nitroarenes.  

Since publication of Holder’s (1999b) review, additional aromatic compounds with one 
or more nitro groups have been the subjects of NTP bioassays. The carcinogenicity of 27 
nitroaromatic compounds identified in the NTP bioassay database is summarized in 
Appendix B (Table B-1). The results were as follows: 12 compounds were carcinogenic 
in at least one study, five showed some evidence of carcinogenicity, the evidence for five 
was equivocal (a marginal increase in neoplasia), and six were not carcinogenic. The 
percentage of compounds showing evidence of carcinogenicity is 59% (16 of 27). [If 
compounds with equivocal results are excluded, the percentage for which there is 
evidence of carcinogenicity increases to 73% (16 of 22).] 
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Table 6-3. Carcinogenicity of nitrobenzene and selected nitroarenes listed in the Report on Carcinogensa 

Site Nitrobenzene 1,6-Dinitropyrene 1,8-Dinitropyrene 6-Nitrochrysene 1-Nitropyrene 4-Nitropyrene 
Injection-site sarcoma – mice: M 

rats: M & F 
mice: M 

rats: M & F 
– rats: M & F rats: F 

Leukemia – rats: F 
hamsters: M & F 

rats: F – – rats: F 

Mammary gland mice: F – rats: F rats: F rats: F rats: F 
Liver rats: M mice: M – mice: M & F mice: M mice: M 
Lung mice: M rats: M 

hamsters: M & F 
– mice: M & F mice: M & F 

hamsters 
mice: M & F 

Peritoneal cavity – rats: F rats: F – – – 
Colon – – – rats: M & F – – 
Kidney rats: M – – – – – 
Pituitary – rats – – – – 
Thyroid mice: M – – – – – 
Endometrium rats: F – – – – – 
Malignant lymphoma – – – mice: M – – 
Zymbal gland – – – – – rats: F 
aAll of the nitroarenes listed in the Report on Carcinogens exist as solids at room temperature (melting points ≥ 155ºC) and were tested by injection or oral 
administration. Nitrobenzene was administered by inhalation in the two-year carcinogenicity bioassay. 
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Table 6-4. Structure of nitrobenzene analogs listed in the Report on Carcinogens 

Chemical  Structure 

1,6-Dinitropyrene 

1,8-Dinitropyrene 

6-Nitrochrysene 

1-Nitropyrene 

4-Nitropyrene 

NO2 
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Aniline is the fully reduced form of nitrobenzene and thus is structurally related to 
nitrobenzene in that both can produce the nitroxide intermediates shown in Figure 6-2b. 
Any aniline produced from nitrobenzene, or already present from other sources, may 
serve as a pool to later be oxidized to reform the nitroxide intermediates, which would 
also reinforce the redox couple tending to resist nitrobenzene metabolite clearance and 
utltimately contributing to the slow elimination of nitrobenzene. Although aniline is the 
final product of both reduction processes (Figure 6-2a,b), it is likely that the nitroxide 
intermediates (nitrosobenzene and phenylhydroxylamine) and their associated free 
radicals in the one-electron-step process are the most chemically reactive intermediates 
and hence most likely the cause of nitrobenzene toxicity. As an indication of aniline’s 
potential reservoir activity, oxidation of aniline has been linked to lipid peroxidation 
(Khan et al. 1997, Stier et al. 1980). 

Aniline is carcinogenic to rats by oral exposure (NTP 1978). It induces 
hemangiosarcomas, fibrosarcomas, and sarcomas in the spleen, as well as sarcomas in 
other organs to limited degree. Moreover, aniline is thought to be associated with excess 
human bladder cancers (Ward et al. 1996). Aniline is known to cause stress in the spleen 
by promoting systemic redox reactions (Khan et al. 1997). Oxidation of aniline forms the 
same nitroxide intermediates as reduction of nitrobenzene (Kadlubar and Ziegler 1974, 
Mason and Holtzman 1975a, Mason 1982). Hence, because aniline is toxic and is 
considered a likely animal carcinogen, nitrobenzene also may be predicted by inference 
to be a likely carcinogen. Although no evidence has been reported on carcinogenicity of 
nitrobenzene to humans, nitrobenzene’s predicted carcinogenicity is borne out 
experimentally in animals (see Section 4, Tables 4-1 and 4-2). 

Nitrobenzene has structure-activity relationships with other aromatic nitro and amino 
compounds that produce common reactive nitroxide intermediates — aromatic nitroso- 
and hydroxyl-amine compounds and their free radicals — that relate to their mutagenicity 
and to metabolic imbalances that lead to cancer (Rickert 1987, Rosenkranz 1996, 
Blaauboer and Van Holsteijn 1983, Kiese 1966, Miller 1970, Weisberger and Weisberger 
1973, Mason 1982, Verna et al. 1996). Nitroaromatics are of concern for chemical 
carcinogenesis because of their metabolic activation in various environmental media 
(Miller 1970, Rosenkranz and Mermelstein 1983, Rickert 1984) and occurrence in 
complex mixtures, such as municipal waste incineration emissions, diesel emissions, azo 
dyes, and food pyrolysates (DeMarini et al. 1996, Crebelli et al. 1995, King et al. 1988). 
Other examples of carcinogenic nitroxides are tobacco products 4-(methylnitrosoamino)
1-(3-pyridyl)-1-butanone and N'-nitrosonornicotine, which are microsomally activated 
intermediates of tobacco combustion (redox) ingredients, nicotine and related plant 
alkaloids (Staretz et al. 1997, Hecht 1996). These nitroxides are linked to human lung, 
oral cavity, esophageal, and pancretic cancer from direct and/or indirect sources such as 
passive smoking (Hecht 1996, Pryor 1997). For a discussion of passive smoking, see U.S. 
EPA (1998) and Witschi et al. (1997). Free radicals currently are being analyzed in 
cigarette smoke, the toxicological activity of which depends on host factors such as 
vitamin concentrations, dietary lipids, superoxide dismutase, catalase, and cytochrome P
450 complements (Kodama et al. 1997, Maser 1997). It is reasonable to consider that 
nitrobenzene carcinogenicity may depend on these same host factors.  
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6.3.2 Considerations in human carcinogenicity of inhaled nitrobenzene 

The likely mode of action for human carcinogenicity of nitrobenzene is that 
nitrobenzene-induced toxicity integrated over time leads to chemical carcinogenesis in 
various organ sites by unbalanced redox systems (Holder 1999). Because of the ubiquity 
of the redox conditions capable of producing amino- and nitro-phenols, nitrosobenzene, 
and phenylhydroxylamine in various organs, a variety of tissues can be damaged. 
Because of translocation and free radical chain-reactions, the tissue damage need not 
necessarily occur where the metabolites or their associated free radicals originally are 
produced. Specific toxicity profiles in different organs depend on detoxifying enzyme 
levels and many host- and tissue-specific factors, such as the number of endogenous free 
radical producers, quenching agents, spin traps (agents acting as stabilizers), and free 
radical carriers (Netke et al. 1997, Stier et al. 1980, Gutteridge 1995, Kehrer 1993). It is 
notable that target organs in rodents — nose, spleen, and testes — showed considerable 
toxicity in the CIIT bioassays, but not concordant tumorigenicity (Holder 1999b). This 
seems a contradiction unless it is assumed that these organs are specifically protected 
from nitrobenzene carcinogenicity. Whether this is so is not known, and the difficulties of 
necessarily associating toxicity with chemical carcinogenesis have been pointed out (Huff 
1992). 

6.3.3 Summary 

Nitrobenzene is absorbed dermally and by inhalation in both animals and humans. 
Overall the metabolism in vivo of nitrobenzene appears to be similar in humans and 
animals with the major route of excretion being in the urine.   

The major metabolites in humans and animals have been isolated from urine and include 
ring oxidation products such as nitrophenols, and aminophenols, reduction products such 
as aniline, modified products such as glucuronide or sulfate conjugates, and ring-cleavage 
product such as 4-nitrophenylmercapturic acid. Based on these products, the metabolism 
of nitrobenzene has been proposed to consist of two pathways, the first being reduction of 
the nitro group to aniline and subsequent ring oxidation to aminophenols followed by 
conjugation to the glucuronide and sulfate conjugates. The second pathway is ring 
oxidation to nitrophenols followed by conjugation to the glucuronide and sulfate 
conjugates. Reduction of nitrobenzene to aniline can occur under anaerobic (bacteria in 
the intestine) or aerobic conditions (cellular microsomes). The former is more likely to 
occur when nitrobenzene is ingested whereas the later is more likely to occur when 
nitrobenzene is inhaled. The reduction of nitrobenzene appears to be an important step in 
the production of methemoglobinemia. 

Regarding the noncarcinogenic, toxic effects of nitrobenzene, methemoglobinemia has 
been observed in individuals exposed to nitrobenzene, and has also been observed in both 
subchronic and chronic studies in experimental animals.   

The mechanism of carcinogenicity of nitrobenzene has not been elucidated. The 
metabolic reduction of nitrobenzene can lead to the production of free radicals. 
Nitrobenzene is structurally related to other aromatic nitro and amino compounds 
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including several nitroarenes that are considered by the National Toxicology Program 
and/or IARC to be reasonably anticipated or possible human carcinogens.    
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Appendix B: Selected Nitro-aromatic Compounds 
Bioassayed by the NTP 
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Table B-1. 27 Selected nitro-aromatic compounds bioassayed by the NTP. Rats refers to Fischer 344/N rats and mice to 
B6C3F1 mice, except as noted below. 

Results: 12 Positive, 4 Some Evidence, 5 Equivocal, 6 Negative. 16/22 (excluding equivocal results) = 73%; 16/27 (all compounds 
tested) = 59%. 

TR-# Compound CAS # Structure Carcinogenicity 
TR-029 2-Methyl-1-nitroanthraquinone 129–15–7 Male rats – Positive; liver and forestomach 

tumors 
Female rats – Positive; liver, forestomach, 
and bladder tumors 
Male mice – Positive* 
Female mice – Positive* 

TR-054 2,4-Dinitrotoluene 121–14–2 NO Male rats – Positive; dermal and 
subcutaneous tumors 
Female rats – Positive; mammary gland 
tumors 
Male mice – Negative 

3
Female mice – Negative 

TR–064 1-Nitronaphthalene 86–57–7 Male rats – Negative 
Female rats – Negative 
Male mice – Negative 
Female mice – Negative 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–070 Parathion 56–38–2 O Male ratsc – Equivocal; adrenal tumors 

Female ratsc – Equivocal; adrenal tumors 
Male mice – Negative 
Female mice – Negative 

TR–094 4-Amino-2-nitrophenol 119–34–6 Male rats– Positive; bladder tumors 
Female rats – Equivocal; bladder tumors 
Male mice – Negative 
Female mice – Negative 

TR–107 5-Nitro-o-toluidine 99–55–8 Male rats – Negative 
Female rats – Negative 
Male mice – Positive; liver tumors 
Female mice – Positive; liver tumors 

TR–109 4-Nitroanthranilic acid 619–17–0 Male rats – Negative 
Female rats – Negative 
Male mice – Negative 
Female mice – Negative 

TR–117 6-Nitrobenzimidazole 94–52–0 Male rats – Negative 
Female rats – Negative 
Male mice – Positive; liver, eye, and 
Harderian gland tumors 
Female mice – Positive; liver, eye, and 
Harderian gland tumors 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–118 5-Nitroacenaphthene 602–87–9 Male rats – Positive; ear canal and 

alveolar/bronchiolar tumors 
Female rats – Positive; ear canal, clitoral 
gland, mammary gland, and 
alveolar/bronchiolar tumors 
Male mice – Negative 
Female mice – Positive; liver and ovary 
tumors 

TR–127 5-Nitro-o-anisidine 99–59–2 Male rats – Positive; integumentary 
system (skin, Zymbal gland) tumors 
Female rats – Positive; integumentary 
system (skin, Zymbal gland, clitoral gland) 
tumors 
Male mice – Equivocal 
Female mice – Positive; liver tumors 

TR–133 3-Nitro-P-acetophenetide 1777–84–0  CH Male rats – Negative 
Female rats – Negative 
Male mice – Positive; liver tumors 
Female mice – Negative 

TR–157 Methyl parathion 298–00–0 O N Male rats – Negative 
Female rats – Negative 
Male mice – Negative 
Female mice – Negative 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–169 2-Nitro-p-phenylenediamine 5307–14–2 Male rats – Negative 

Female rats – Negative 
Male mice – Negative 
Female mice – Positive; liver tumors 

TR–180 4-Nitro-o-phenylenediamine 99–56–9 Male rats – Negative 
Female rats – Negative 
Male mice – Negative 
Female mice – Negative 

TR–271 HC Blue No. 1 2784–94–3 

H 

OH Male rats – Equivocal Evidence; liver 
tumors 
Female rats – Some Evidence; 
alveolar/bronchiolar tumors 
Male mice – Clear Evidence; liver and 
thyroid gland tumors 
Female mice – Clear Evidence; liver 
tumors 

TR–281 HC Red No. 3b 2871–01–4 H Male rats – No Evidence 
Female rats – No Evidence 
Male mice – Equivocal Evidence; liver 
tumors 

H2N NO2 Female mice – Inadequate Study 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–293 HC Blue No. 2 33229–34–4 

H

Male rats – No Evidence 
Female rats – No Evidence 
Male mice – No Evidence 
Female mice – No Evidence 

TR–334 2-Amino-5-nitrophenol 121–88–0 Male rats – Some Evidence; pancreas 
tumors 
Female rats – No Evidence 
Male mice – No Evidence 
Female mice – No Evidence 

TR–339 2-Amino-Nitrophenol 99–57–0 NH Male rats – Some Evidence; kidney tumors 
Female rats – No Evidence 
Male mice – No Evidence 
Female mice – No Evidence 

TR–345 Roxarsone 121–19–7 Male rats – Equivocal Evidence; pancreas 
tumors 
Female rats – No Evidence 
Male mice – No Evidence 

OH Female mice – No Evidence 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–416 o-Nitroanisolea 91–23–6 Male rats – Clear Evidence; bladder, 

kidney, and large intestine tumors and 
leukemia 
Female rats – Clear Evidence; bladder, 
kidney, and large intestine tumors and 
leukemia 
Male mice – Clear Evidence; liver tumors 
Female mice – Some Evidence; liver 
tumors 

TR–417 p-Nitrophenole 100–02–7 Male miced – No Evidence 
Female miced – No Evidence 

TR–418 p-Nitroanilineb 100–01–6 NH Male mice – Equivocal Evidence; liver 
tumors  
Female mice – No Evidence 

TR–419 HC Yellow 4 59820–43–8 Male rats – Equivocal Evidence; pituitary 
gland tumors 
Female rats – No Evidence 
Male mice – No Evidence 
Female mice – No Evidence 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–442 p-Nitrobenzoic acid 62–23–7 Male rats – No Evidence 

Female rats – Some Evidence; clitoral 
gland tumors 
Male mice– No Evidence 
Female mice– No Evidence 

TR–498 para-Nitrotoluene (Draft Report) 99–99–0 CH Male rats – Equivocal Evidence; 
subcutaneous skin tumors 
Female rats – Some Evidence; clitoral 
gland tumors 
Male mice – Equivocal Evidence; 
alveolar/bronchiolar tumors 
Female mice – No Evidence 
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TR-# Compound CAS # Structure Carcinogenicity 
TR–504 ortho-Nitrotoluene (Draft Report) 88–72–2 Male rats – Clear Evidence; 

mesotheliomas, subcutaneous skin, 
mammary gland, liver, and lung tumors 
Female rats – Clear Evidence; 
subcutaneous skin and mammary gland 
tumors 
Male mice – Clear Evidence; 
hemangiosarcomas, large intestine (cecum) 
and liver tumors 
Female mice – Clear Evidence; 
hemangiosarcomas, large intestine (cecum) 
and liver tumors 

Note: The table contains those compounds with one ring or fused rings with no more than 2 substituents other than the nitro group. 

aListed in the Ninth Report on Carcinogens as “reasonably anticipated to be a human carcinogen”.
 
bCompound administered by corn-oil gavage; all other compounds were administered in the feed.
 
cOsborne-Mendel rats; Fischer 344/N rats were used for all other bioassays. 

dSwiss-Webster mice; B6C3F1 mice were used for all other bioassays. 

eDermal administration. 

*NCI mouse study (A.S. Krishna Murthy, J.R. Baker, E.R. Smith and G.G. Wade. Development of Hemangiosarcomas in B6C3F1 Mice Fed 2-Methyl-1-

Nitroanthraquinone. Int. J. Cancer: 19, 117-121 (1977)) not available.
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