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Acronyms

bw body weight

cc cubic centimeters

CD Caesarean Delivered

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

of 1980

CNS central nervous system

cu.m cubic meter

DWEL Drinking Water Equivalent Level

FEL frank-effect level

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

g grams

GI gastrointestinal

HEC human equivalent concentration

Hgb hemoglobin

i.m. intramuscular

i.p. intraperitoneal

i.v. intravenous

IRIS Integrated Risk Information System

IUR inhalation unit risk

kg kilogram

L liter

LEL lowest-effect level

LOAEL lowest-observed-adverse-effect level

LOAEL(ADJ) LOAEL adjusted to continuous exposure duration

LOAEL(HEC) LOAEL adjusted for dosimetric differences across species to a human

m meter

MCL maximum contaminant level

MCLG maximum contaminant level goal

MF modifying factor

mg milligram

mg/kg milligrams per kilogram

mg/L milligrams per liter

MRL minimal risk level

MTD maximum tolerated dose
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MTL median threshold limit

NAAQS National Ambient Air Quality Standards

NOAEL no-observed-adverse-effect level

NOAEL(ADJ) NOAEL adjusted to continuous exposure duration

NOAEL(HEC) NOAEL adjusted for dosimetric differences across species to a human

NOEL no-observed-effect level

OSF oral slope factor

p-IUR provisional inhalation unit risk

p-OSF provisional oral slope factor

p-RfC provisional inhalation reference concentration

p-RfD provisional oral reference dose

PBPK physiologically based pharmacokinetic

ppb parts per billion

ppm parts per million

PPRTV Provisional Peer Reviewed Toxicity Value

RBC red blood cell(s)

RCRA Resource Conservation and Recovery Act

RDDR Regional deposited dose ratio (for the indicated lung region)

REL relative exposure level

RfC inhalation reference concentration

RfD oral reference dose

RGDR Regional gas dose ratio (for the indicated lung region)

s.c. subcutaneous

SCE sister chromatid exchange

SDWA Safe Drinking Water Act

sq.cm. square centimeters

TSCA Toxic Substances Control Act

UF uncertainty factor

:g microgram

:mol micromoles

VOC volatile organic compound
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PROVISIONAL PEER REVIEWED TOXICITY VALUES FOR
NITROMETHANE (CASRN 75-52-5)

Background

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

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

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

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

< Minimal Risk Levels produced by the Agency for Toxic Substances and Disease
Registry (ATSDR),

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

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

Because science and available information evolve, PPRTVs are initially derived with a
three-year life-cycle.  However, EPA Regions (or the EPA HQ Superfund Program) sometimes
request that a frequently used PPRTV be reassessed.  Once an IRIS value for a specific chemical
becomes available for Agency review, the analogous PPRTV for that same chemical is retired.  It
should also be noted that some PPRTV manuscripts conclude that a PPRTV cannot be derived
based on inadequate data.
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Disclaimers

      Users of this document should first check to see if any IRIS values exist for the chemical
of concern before proceeding to use a PPRTV.  If no IRIS value is available, staff in the regional
Superfund and RCRA program offices are advised to carefully review the information provided
in this document to ensure that the PPRTVs used are appropriate for the types of exposures and
circumstances at the Superfund site or RCRA facility in question.  PPRTVs are periodically
updated; therefore, users should ensure that the values contained in the PPRTV are current at the
time of use. 

It is important to remember that a provisional value alone tells very little about the
adverse effects of a chemical or the quality of evidence on which the value is based.  Therefore,
users are strongly encouraged to read the entire PPRTV manuscript and  understand the strengths
and limitations of the derived provisional values.  PPRTVs are developed by the EPA Office of
Research and Development’s National Center for Environmental Assessment, Superfund Health
Risk Technical Support Center for OSRTI.  Other EPA programs or external parties who may
choose of their own initiative to use these PPRTVs are advised that Superfund resources will not
generally be used to respond to challenges of PPRTVs used in a context outside of the Superfund
Program.

Questions Regarding PPRTVs

      Questions regarding the contents of the PPRTVs and their appropriate use (e.g., on
chemicals not covered, or whether chemicals have pending IRIS toxicity values) may be directed
to the EPA Office of Research and Development’s National Center for Environmental
Assessment, Superfund Health Risk Technical Support Center (513-569-7300), or OSRTI.
      

INTRODUCTION

The HEAST (U.S. EPA, 1997) does not list subchronic or chronic RfD or RfC values for

3 2nitromethane (CH NO ), noting that data were inadequate for quantitative risk assessment, or
any cancer assessment for the chemical.  A Health and Environmental Effects Profile (HEEP) for
Nitromethane (U.S. EPA, 1985), that was listed in the HEAST as a reference for subchronic and
chronic toxicity, reported no chronic and two subchronic toxicity studies that were judged
inadequate as bases for quantitative risk assessment.  Nitromethane is not listed on IRIS (U.S.
EPA, 2003) or the Drinking Water Standards and Health Advisories list (U.S. EPA, 2002).  No
relevant documents, other than the previously mentioned HEEP, were located in the CARA list
(U.S. EPA, 1991, 1994a).  IARC (2000) assigned nitromethane to carcinogenicity category
Group 2B: Possibly carcinogenic to humans, based on no relevant epidemiological data and
sufficient evidence in experimental animals for the carcinogenicity of nitromethane.  ACGIH
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(2002) has assigned nitromethane to carcinogenicity category Group A3: Confirmed Animal
Carcinogen with Unknown Relevance to Humans, and recommends an 8-hr TLV TWA of 20
ppm (50 mg/m ).  OSHA (2003a,b) has established an 8-hr PEL TWA of 100 ppm (250 mg/m ). 3 3

NIOSH (2003) has not established a REL for nitromethane.  ATSDR (2003) and WHO (2003)
have not published toxicological review documents on nitromethane.  The NTP Management
Status Report (2003) and the toxicity review of aliphatic nitro, nitrate, and nitrate compounds by
Doepker (2001) were consulted for relevant information.  Literature searches were conducted
from 1984 thru December 2002 for studies relevant to the derivation of provisional toxicity
values for nitromethane.  Databases searched included: TOXLINE, MEDLINE, CANCERLIT,
BIOSIS, TSCATS, RTECS, CCRIS, DART/ETICBACK, EMIC/EMICBACK, HSDB and
GENETOX.  Additional literature searches from December 2002 through September 2004 were
conducted by NCEA-Cincinnati using MEDLINE, TOXLINE, Chemical and Biological
Abstracts databases.

REVIEW OF PERTINENT DATA

Human Studies

There is limited evidence of the toxicity of nitromethane from occupational exposures
(Page et al., 2002; Sandyk and Gillman, 1984; Sclar, 1999).  Case reports of neurotoxicity
describe different neurologic illness (neuropathy and Parkinsonism) and nitromethane was a
minor constituent of the solvents to which some cases were exposed.

Two workers from a headlight subassembly plant developed severe peripheral
neuropathy within weeks of employment at a job where they were reported to have had brief, but
significant, dermal and inhalational exposure to nitromethane; however, no quantitative exposure
estimates were reported (Page et al., 2002).  One month after beginning work in the plant, a 26-
year-old woman began to note weakness in her hands, legs, and feet.  Her primary job function
was cleaning headlights with nitromethane.  She performed this task using a rag and did not wear
gloves, so skin absorption was a likely source of exposure to nitromethane in addition to
inhalation of nitromethane vapors.  She stopped working, but after 2 weeks with progression of
symptoms, sought care at a hospital ER and was admitted.  The neurological exam at that time
was significant for absent gastrocsoleus and brachioradialis (major calf and forearm muscles,
respectively) reflexes, and for weakness that was more severe distally, particularly in the lower
extremities.  MRI of the cervical spine and multiple laboratory tests (antinuclear antibody,
rheumatoid factor, erythrocyte sedimentation rate, B12, and folate levels, heavy metal screening,
thyroid function tests, liver function tests, electrolytes, human immunodeficiency virus, rapid
plasma raegin, cryoglobulins, hepatitis panel, Helicobacter pylori titer, complete blood count)
yielded no abnormal findings.  Serum immunoelectrophoresis showed an increased gamma
component.  Lumbar puncture revealed an elevated protein level of 108 mg/dL (normal 15-45
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mg/dL) and a normal cell count.  After being transferred to a tertiary care center, the patient was
diagnosed with severe peripheral neuropathy.  Her symptoms persisted and electrodiagnostic
studies performed 8 months after onset of symptoms revealed evidence of diffuse, symmetrical
axonal polyneuropathy with demyelinating features.  A needle electrode examination suggested
changes compatible with nerve regeneration as well. 

Six months after beginning employment at the same headlight subassembly plant and
approximately 4-5 months after the onset of illness in the previous case (26-year-old woman), a
23-year-old man presented to a hospital ER complaining of foot numbness that had persisted for
about 10 days (Page et al., 2002).  His primary duty was also to clean headlights with
nitromethane, which he also did without wearing gloves.  A definitive diagnosis was not made at
the time and he returned to the ER 10 days later complaining of pain and swelling in both legs
and feet.  The ER physical exam was unremarkable.  He had discontinued working at the plant
some time between the two ER visits.  Three days after the second ER visit, he was admitted to
the hospital where electrodiagnostic testing was conducted.  The patient was transferred to a
tertiary care center where he was diagnosed with probable toxic neuropathy.  Pertinent physical
findings at the time included diminished lower extremity reflexes, slightly decreased muscle
strength on dorsiflexion of both feet, and decreased sensation to pin-prick up to the mid-shin. 
Laboratory parameters (antinuclear antibody, rheumatoid factor, erythrocyte sedimentation rate,
B12, and folate levels, toxicological screening for drugs [alcohol, barbiturates, amphetamines,
benzodiazepines, cannabinoids, cocaine metabolites, opiates, propoxyphene and phencycline],
thyroid function tests, liver function tests, electrolytes, serum protein electrophoresis,

1hemoglobin A C, human immunodeficiency virus, rapid plasma raegin, complete blood count)
were unremarkable except for an elevated creatinine phosphokinase that returned to normal
levels spontaneously.  Lumbar puncture was not performed.

Peripheral neuropathy was also reported in a 19-year-old man exposed to an industrial
solvent mixture of 1-bromopropane (>95.5%), butylene oxide (<0.5%), 1,3 dioxolane (<2.5%),
nitromethane (<0.25%), and unspecified percentages of two other proprietary components (Sclar,
1999).  1-Bromopropane has been shown to be neurotoxic in rats (Yu et al., 1998), and the
authors reported that the findings of Yu et al. (1998) strikingly mirror those they observed in the
patient.  Definitive conclusions about the contribution of nitromethane to the neuropathy may not
be drawn from this study.

Motor dysfunction (partially reversible Parkinson-like extrapyramidal syndrome) was
reported in a 20-year-old woman chronically exposed to vapors from an industrial solvent
mixture of trichlorotrifluoroethane (94%), methanol (5.7%) and nitromethane (0.25%) (Sandyk
and Gillman, 1984).  The authors reported that the fluoroalkane group of compounds had not
been previously reported to produce such effects in man, and concluded that there was a
possibility that nitromethane induced the parkinsonian features.  No quantitative exposure
estimates were reported for the chemicals.  IRIS (U.S. EPA, 2003) reports that no apparent
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adverse effects have been reported in humans occupationally exposed to trichlorotrifluoroethane
at either 500 mg/m  levels for 11 years or 5358 mg/m  levels for 2.77 years (Imbus and Adkins,3 3

1972); however, slight impairment of psychomotor performance was reported in male volunteers
exposed to trichlorotrifluoroethane concentrations of 19,161 mg/m  for 2.75 hours (Stopps and3

McLaughlin, 1967).  IRIS (U.S. EPA, 2003) also reports that several animal inhalation studies
reported negative results in dogs, rabbits, and rats chronically exposed to very high
concentrations of trichlorotrifluoroethane.  It cannot be determined from the study what role, if
any, nitromethane played in the motor dysfunction.

Animal Studies

Studies described in this section are arranged by duration of exposure beginning with the
acute dosing study with dogs (Weatherby, 1955) followed by the subacute (short term) tests with
mice and rats (NTP, 1997).  Subchronic exposures in mice and rats are found next (NTP, 1997)
along with a study with rats and rabbits (Lewis et al., 1979) and a study with male rats
(Weatherby, 1955).  Chronic exposure studies follow beginning with the NTP (1997) tests with
mice and rats and a study using rats (Griffin et al., 1996).

In an acute study, Weatherby (1955) administered a single dose (125, 250, 500, 1000 or
1500 mg/kg) of nitromethane in drinking water orally to dogs (2-6 animals/group).  All animals
except those receiving 125 mg/kg either died within about 30 hours or were killed in a moribund
condition.  Major organ tissues from all animals were examined microscopically.  Kidney
lesions, consisting of swollen glomeruli with capsular space edema, swollen proximal and distal
convoluted tubules, marked fatty change, and hyaline casts in the collecting tubules, were only
seen at the highest dose.  The severity of liver lesions appeared dose-related.  Mild fatty change
of the hepatic parenchyma and a few lymphocytes in the portal areas were found in low-dose
animals from 24-72 hours after administration.  No histopathology was reported for the 250
mg/kg dose.  At 500 mg/kg, fatty change was in the hepatic periportal and midzonal areas was
marked, with occasional areas of hemorrhage and a few chronic inflammatory cells in the
periportal area.  Liver midzonal necrosis was found at doses $1000 mg/kg.  At the highest dose,
central hepatic congestion and occasional areas of edema were observed, with necrosis extended
to the periportal area; some hepatic cells had enlarged nuclei and vacuole-filled cytoplasm. 
Similar histopathology was seen in dogs receiving nitromethane intravenously.

In a subacute study, groups of five male and five female F344/N rats were exposed to
average measured concentrations of 0, 94, 187, 377, 752, or 1510 ppm of nitromethane vapor
(purity 99%) by inhalation, 6 hours per day, 5 days per week, for 16 days (NTP, 1997).  No
deaths occurred during the study.  Body weight gain of male rats in the high-dose group was
slightly, but significantly, less than that of the controls; body weight gains of exposed females
were similar to those of the controls.  Clinical findings in all male and female rats in the high-
dose groups included increased preening, rapid breathing, hyperactivity early in the study, and
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hypoactivity and loss of coordination in the hindlimbs near the end of the study.  The relative
liver weights of all exposed groups of male rats and the absolute and relative liver weights of
females exposed to $377 ppm were significantly greater than those of the controls, as were the
relative kidney weights of male rats exposed to $752 ppm and females exposed to 1510 ppm. 
Decreases in thymus and heart weights in males exposed to 1510 ppm may have been secondary
to body weight changes.  Absolute and relative lung weights of exposed rats were comparable to
controls.  All males exposed to $377 ppm, all females in the 752 and 1510 ppm groups, and four
females in the 377 ppm group had degeneration of the olfactory epithelium of the nasal
turbinates; this lesion was of mild to minimal severity in treated animals.  Sciatic nerve
degeneration, characterized by prominent, diffuse vacuolization and dilatation of the axonal
sheaths and increased cellularity, was present in all rats exposed to $377 ppm.  This lesion was
apparently due to Schwann cell hyperplasia.  The severity of these lesions increased with
increasing exposure concentrations and ranged from minimal to moderate.  Rats exposed to $752
ppm also had reduced myelin around sciatic axons, compared to controls.  In the absence of any
liver pathology at any dose, increased relative liver weight in males was not considered an
adverse effect.  The study identified a NOAEL and LOAEL of 187 and 377 ppm, respectively,
for nasal tissue alterations and sciatic nerve degeneration in the F344/N rat.

1In a subacute study, groups of five male and five female B6C3F  mice were exposed to 0,
94, 186, 377, 750, or 1510 ppm of nitromethane vapor (purity 99%) by inhalation, 6 hours per
day, 5 days per week, for 16 days (NTP, 1997).  All mice survived to the end of the study.  The
final mean body weights and weight gains of exposed males and females were similar to those of
the controls.  Clinical findings included hypoactivity and tachypnea in high-dose mice.  Absolute
and relative liver weights of male mice exposed to $750 ppm and female mice in all exposed
groups, and the relative liver weight of males in the 377 ppm group were significantly greater
than those of the controls.  Degeneration of the olfactory epithelium of the nose was observed
microscopically in all mice exposed to $377 ppm; this lesion was of minimal severity in males
and minimal to mild severity in females.  A NOAEL and LOAEL of 186 and 377 ppm,

1respectively, were identified for nasal tissue alterations in the B6C3F  mouse.

In a subchronic study, groups of 10 male and 10 female F344/N rats were exposed to 0,
94, 187, 373, 748, or 1500 ppm of nitromethane vapor (purity 99%) by inhalation, 6 hours per
day, 5 days per week, for 13 weeks (NTP, 1997).  No deaths were reported.  Hindlimb paralysis
was observed in all high-dose rats, and in 1/10 males and 4/10 females in the 748 ppm group. 
Forelimb and hindlimb grip strength was significantly reduced in high-dose male rats, whereas in
the female rats, hindlimb grip strength was significantly reduced in the two highest dose groups. 
Response to stimuli, as measured by tail flick test, showed no effect of exposure.  The maximum

maxresponse amplitude (V ) in the acoustic startle response was increased in the 94 ppm group of

maxanimals, compared to controls.  V  appeared to have a biphasic relationship with dose as it was
decreased in the highest three exposure groups (373, 748 and 1500 ppm), compared to the 94
ppm group, suggesting some motor function alteration.  With male rats, there was a significant
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maxincrease in the time to reach V  in the 94 and 1500 ppm groups.  The investigators concluded
that exposure to nitromethane appeared to produce a neurological deficit of distal motor
pathways or motor cortex without indications of sensory deficits in rats (NTP, 1997).  The final
mean body weight and weight gain of high-dose male rats were significantly less than those of
the controls.  Inhalation exposure of rats to nitromethane resulted in a concentration-dependent,
microcytic, responsive anemia; anemia was most pronounced in males and females exposed to
$373 ppm.  The presence of schistocytes, Heinz bodies, and spherocytes and increased mean cell
hemoglobin concentration and methemoglobin concentration indicated that a hemolytic process
was occurring; the hemolytic process could have accounted, in part, for the anemia. 
Thrombocytosis accompanying the anemia was either consistent with a reactive bone marrow or
due to the erroneous inclusion of small erythrocyte fragments as part of the platelet count.  On
day 23, transient decreases in serum triiodothyronine, thyroxine, and free thyroxine were
observed in male rats exposed to $373 ppm and female rats exposed to $748 ppm.  There was
little or no pituitary response to the thyroid hormone decreases, as evidenced by the lack of
significantly increased concentrations of thyroid-stimulating hormone in exposed rats.

In high-dose animals, relative kidney and heart weights in males and females, relative
liver weight in females, and relative thyroid gland weight in males were significantly increased,
compared to controls (NTP, 1997).  Absolute lung, thymus, left cauda, epididymus, and testis
weights were significantly lower in high-dose males than those of controls.  Male rats in the two
highest dose groups had significantly lower epididymal spermatozoal motility than the control.
The authors stated that there were no biologically significant differences in the length of the
estrous cycle or in the relative amounts of time spent in the various stages of the estrous cycle
between exposed and control females.  An extensive collection of organs, including the
reproductive system and the upper respiratory tract, were examined microscopically.  The
incidence of minimal to mild hyperplasia of the bone marrow observed microscopically was
significantly increased in male rats exposed to $748 ppm and in females exposed to $373 ppm. 
The incidence of nasal lesions was significantly increased in animals exposed to $373 ppm.  The
occurrence of respiratory epithelial hyaline droplets and goblet cell hyperplasia was significantly
increased in high-dose animals.  The incidence of respiratory hyaline droplets was also
significantly increased in females at 748 ppm.  The severity of nasal lesions in both sexes was
minimal to mild.  In animals exposed to $373 ppm there was a significantly increased incidence
of minimal to mild degeneration of the sciatic nerve, compared to controls.  A significantly
increased incidence of lumbar spinal cord degeneration was observed in males at $373 ppm and
in females at the two highest concentrations.  Other histopathology was unremarkable.  The
study identified a NOAEL and LOAEL of 187 and 373 ppm, respectively, for nasal tissue
alterations, sciatic nerve and spinal cord degeneration and hematological effects in the F344/N
rat.

In a subchronic study, groups of 10 male and 10 female mice were exposed to 0, 94, 187,
373, 748, or 1500 ppm of nitromethane vapor (purity 99%) by inhalation, 6 hours per day, 5 days
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per week, for 13 weeks (NTP, 1997).  All mice survived to the end of the study.  The final mean
body weights and weight gains of exposed mice were generally similar to those of the controls. 
There were no treatment-related clinical findings.  The absolute right kidney weights of all
groups of exposed male mice except the high-dose group and of females exposed to $187 ppm,
and the relative right kidney weights of all groups of exposed males and of females exposed to
$748 ppm groups were significantly greater than those of the controls.  The absolute liver weight
of male mice in the 748 ppm group and the relative liver weights of males exposed to $373 ppm
were significantly greater than those of the controls.  An extensive collection of organs,
including the reproductive system and the upper respiratory tract, were examined
microscopically.  Olfactory epithelial degeneration and respiratory epithelial hyaline droplets
were observed microscopically in all mice exposed to $373 ppm.  A significantly increased
incidence of degeneration and respiratory hyaline droplets also occurred in females in the 187
ppm group.  The average severity of the nasal lesions ranged from minimal to mild in males.  In
females, the average severity of olfactory epithelial degeneration ranged from minimal to mild,
and the severity of respiratory epithelial hyaline droplets ranged from minimal to moderate.  All
males and nine females in the high-dose groups also had minimal extramedullary hematopoiesis
of the spleen.  Other histopathology was unremarkable.  No increase in the frequency of
micronucleated erythrocytes was observed in peripheral blood samples of male and female mice
at the end of the 13-week inhalation study of nitromethane.  A NOAEL and LOAEL of 94 and

1187 ppm, respectively, were identified for nasal tissue alterations in the female B6C3F  mouse.

In a subchronic study, Lewis et al. (1979) exposed male Sprague-Dawley rats (50
rats/concentration) and male New Zealand white rabbits (15 rabbits/concentration) to 0, 98 or
745 ppm of technical grade nitromethane vapor (purity 96.5%), 7 hours/day, 5 days/week, for 6
months.  Rats were sacrificed at 2 and 10 days and 1, 3 and 6 months (10 rats/group); rabbits
were sacrificed at 1, 3 and 6 months (5 rabbits/group).  Physiologic, serum biochemical and
histopathologic evaluations were conducted.  Tracheobronchial and pulmonary, but not
extrathoracic, respiratory tract region tissues were examined histopathologically.  No deaths
were reported in rats.  Weight gain in high-dose, but not low-dose, rats was significantly
decreased by approximately 7-13% compared to controls (significance level not stated; data
presented graphically).  Rat hematocrits were decreased at the high exposure level for all except
those sacrificed at the 2-day interval (p<0.01).  Rat hemoglobin concentrations were also
depressed at this exposure level for these same intervals (p<0.005).  Methemoglobin
concentrations were not affected in rats.  Transitory decreases in erythrocyte count and
prothrombin time were noted at 10 days in high-dose rats, but these parameters were comparable
to controls at all later times during the study.  Serum ornithine carbamoyl transferase (OCT),

4alanine aminotransferase (ALT) and T  levels in rats were comparable with controls.  Elevated
absolute and relative thyroid weights (p<0.05) were seen in high-dose rats after 6 months of
exposure.  Absolute thyroid weight was increased slightly (p=0.1) at the low concentration.  Rats
also had consistently lower lung weights at all sampling intervals; however, this observation was
not statistically significant.  Other organ weights were unaffected by treatment.  No exposure-
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related gross organ or histopathic abnormalities were seen in rats exposed up to 6 months.  A
NOAEL and LOAEL of 98 and 745 ppm, respectively, are identified for reduced weight gain,
hematological alterations and increased thyroid weight in the Sprague-Dawley rat.

No rabbit deaths were reported (Lewis et al., 1979).  The growth rate in rabbits was
unaffected by nitromethane treatment.  Hematologic parameters in nitromethane-treated rabbits
were not affected significantly except for a transient depression in hemoglobin concentration
seen at both exposure levels after 1 month.  As in rats, the erythrocyte count, methemoglobin
concentrations and prothrombin times were not affected.  In rabbits, elevated OCT levels
(p<0.05) were seen at both nitromethane concentrations after 1 and 3 months.  After 6 months,
serum OCT levels were lower than control values.  ALT levels were not affected in rabbits at

4either nitromethane concentration.  High-dose rabbits had depressed T  levels by 1 month

4(p<0.05).  T  levels in low-dose rabbits were depressed by 6 months (p<0.05).  Nitromethane-
treated rabbits had elevated thyroid weights after 6 months of exposure; however the differences
from the control group were not statistically significant.  No exposure-related gross pathologic
alterations were observed in any of the tissues examined from rabbits.  Hemorrhage, necrosis and
congestion of alveolar and alveolar duct walls were observed in the lungs of rabbits at both
nitromethane concentrations by the 1-month interval; incidences were not reported.  Frank
pulmonary edema also occurred in "some" of the rabbits.  No other histopathic abnormalities
were seen in other organs.  While a LOAEL may have been indicated for lung lesions in New
Zealand white rabbits, the limited reporting of histopathological findings precludes a definitive
determination.

Few oral toxicity data were located for nitromethane.  In a subchronic study, young male
albino rats (10 animals/group) were given nitromethane in their drinking water (0.25% or 0.1%;
author-estimated doses of 80 or 150 mg/kg-day) for 15 weeks (Weatherby, 1955). 
Histopathological examination was performed on major organs of rats surviving to termination. 
Animals that died during the test (3 and 4 animals in the 0.25% and 0.1% groups, respectively)
were cannibalized, and hence, not examined.  No explanation was given for the deaths and it can
not be determined whether the observed deaths were treatment-related. Weight gain in the two
treated groups was slower than in controls.  Water consumption was decreased in both treated
groups relative to controls.  Granular hepatocellular degeneration was seen in 6 of 7 survivors of
the 0.25% concentration level.  This liver lesion was not reported in controls.  Two of these
animals also exhibited mild changes in the spleen.  Two of six survivors in the 0.1% group and 1
of 10 control animals exhibited large hepatic cells with prominent nuclei.  In both groups, all
other organs appeared normal.  The unexplained deaths preclude use of this study for
quantitative risk assessment.

In a chronic study, groups of 50 male and 50 female F344/N rats were exposed to 0, 94,
188, or 375 ppm of nitromethane vapor by inhalation, 6 hours per day, 5 days per week, for 103
weeks (NTP, 1997).  There were no significant differences in survival rates between exposed and
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control male or female rats. The mean body weight of females in the 375 ppm group was slightly
greater than that of the control group; the mean body weights of exposed males were generally
similar to the mean body weight of the controls throughout the study.  Clinical findings (masses
on shoulder and torso) were consistent with incidences of mammary gland neoplasms in females
exposed to the two highest concentrations.  No hindlimb paralysis or hematological effects, as
occurred in rats in the 13-week study at $748 and $ 373 ppm, respectively, or other treatment-
related clinical findings were observed during the study.  An extensive collection of organs,
including the reproductive system and the upper respiratory tract, were examined
microscopically.  While spinal cord and sciatic nerve degeneration was found in rats in the 13-
week study at $373 ppm, histopathologic evaluation of the spinal cord and sciatic nerves from
30% of control and high-dose animals revealed no significant differences.  Also, while nasal
tissue alterations were observed in rats in the 13-week study at  $373 ppm, nasal cavity or lung
histopathology was unremarkable in this 2-year study.  In males, the incidence of liver basophilic
foci increased with increasing exposure concentration, 16/50 (32%), 19/50 (38%), 20/50 (40%),
and 23/50 (46%) in the control, 94, 188 and 375 ppm groups, respectively, but the differences
were not significant by Fisher exact test conducted for this assessment.  Renal tubule hyperplasia
was slightly, but not significantly, increased in high-dose males, compared to controls.  No other
nitromethane-related increases in nonneoplastic lesion incidences were reported.  The study
identifies the highest concentration (375 ppm) as a NOAEL for nonneoplastic effects in the
F344/N rat.  

The incidences of mammary gland fibroadenoma and fibroadenoma, adenoma, or
carcinoma (combined) in female rats in the 188 and 375 ppm groups were significantly greater
than those in the controls (Table 1).  Additionally, the incidences of mammary gland carcinoma
in the 375 ppm group were significantly greater than those in the controls.  No significantly
increased tumor occurrences were found in other organ systems in females or in males.  Under
the conditions of this 2-year inhalation study, NTP (1997) concluded there was no evidence of
carcinogenic activity of nitromethane in male F344/N rats exposed to 94, 188, or 375 ppm. 
There was clear evidence of carcinogenic activity of nitromethane in female F344/N rats based
on increased incidences of mammary gland fibroadenomas and carcinomas.

1In a chronic study, groups of 50 male and 50 female B6C3F  mice were exposed to 0,
189, 376, or 753 ppm of nitromethane vapor by inhalation, 6 hours per day, 5 days per week, for
103 weeks (NTP, 1997).  The survival rate of females in the high-dose group was marginally
greater than that of the controls; survival in other exposed groups was comparable to controls.
The mean body weights of exposed females were generally slightly greater than the mean body
weights of the controls during the study, but were similar to the mean body weight of the
controls at the end of the study.  The mean body weights of exposed males were similar to those
of the controls  throughout the study.  Clinical findings included swelling around the eyes and
exophthalmos (protrusion of the eyeball) in exposed males and females; these findings were
coincident with harderian gland neoplasms.  An extensive collection of organs, including the 
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Table 1.  Incidences of Neoplasms and Nonneoplastic Lesions of the Mammary Gland in Rats

Exposed by Inhalation to Nitromethane, 6 Hours/Day, 5 Days/Week, for 2 Years (NTP, 1997)

Lesion 0 ppm 94 ppm 188 ppm 375 ppm

Atypical hyperplasia 12/50
(24%)

17/50
(34%)
p>0.05

14/50
(28%)
p>0.05

15/50
(30%)
p>0.05

Fibroadenoma 19/50
(38%)

21/50
(42%)

p=0.219

33/50
(66%)

p=0.003

 36/50
(72%)

p<0.001

Adenoma   2/50
(4%)

  0/50
(0%)

p>0.05

  0/50
(0%)

p>0.05

2/50
(4%)

p>0.05

Carcinoma   2/50
(4%)

  7/50
(14%)

p=0.052

  1/50
(2%)

p=0.447

 11/50
(22%)

p=0.011

Fibroadenoma,
Adenoma or Carcinoma

21/50
(42%)

25/50
(50%)

p=0.112

 34/50
(68%)

p=0.006

 41/50
(82%)

p<0.001

reproductive system and upper respiratory tract, were examined microscopically.  Exposure-
related incidences of nonneoplastic lesions are listed in Table 2.  In females, the incidence of
liver eosinophilic foci increased with increasing exposure concentration, and the incidences in
the two highest dose groups were significantly greater than the control incidence (Table 2).  The
incidence of liver clear cell foci was increased in high-dose males (Table 2).  Females in the 376
ppm group had a significantly greater incidence of cellular infiltration of histiocytes in the lung
than the controls.  The incidences of degeneration and metaplasia of the olfactory epithelium and
hyaline degeneration of the respiratory epithelium were significantly greater in exposed male and
female mice than in the controls.  Additionally, males in the two highest dose groups had
significantly greater incidences of inflammation of the nasolacrimal duct than did the controls. 
The authors stated that, while the incidences were comparable, the nonneoplastic nasal lesions
were more severe than those observed in the 13-week study.  Incidences of hydrometra
(collection of fluid in the uterus) were concentration-related.  The study identifies the lowest test

1concentration of 188 ppm as a LOAEL for nasal tissue alterations in the B6C3F  mouse.
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Table 2.  Concentration-Related Incidences of Nonneoplastic Lesions in Mice Exposed by

Inhalation to Nitromethane, 6 Hours/Day, 5 Days/Week, for 2 Years (NTP, 1997)

Sex Lesion 0 ppm 188 ppm 375 ppm 750 ppm

M Nasolacrimal duct
inflammation

2/50
(4%)

3/49
(6%)

10/50
(20%)

(p<0.05)

10/50
(20%)

(p<0.05)

M Olfactory epithelium,
degeneration

0/50 10/49
(20%)

(p<0.01)

50/50
(100%)
(p<0.01)

50/50
(100%)
(p<0.01)

F Olfactory epithelium,
degeneration

0/50 22/48
(45%)

(p<0.01)

50/50
(100%)
(p<0.01)

50/50
(100%)
(p<0.01)

M Olfactory epithelium,
metaplasia

0/50 1/49
(2%)

41/50
(82%)

(p<0.01)

49/50
(98%)

(p<0.01)

F Olfactory epithelium,
metaplasia

0/50 2/49
(4%)

46/50
(92%)

(p<0.01)

48/50
(96%)

(p<0.01)

M Respiratory epithelium,
hyaline degeneration

5/50
(10%)

5/50
(10%)

 50/50
(100%)
(p<0.01)

50/50
(100%)
(p<0.01)

F Respiratory epithelium,
hyaline degeneration

16/50
(32%)

39/49
(80%)

(p<0.01)

 50/50
(100%)
(p<0.01)

50/50
(100%)
(p<0.01)

M Liver Clear cell focus 2/50
(4%)

2/50
(4%)

2/50
(4%)

8/50
(16%)

F Liver Eosinophilic focus 4/50
(8%)

7/49
(14%)

11/49
(22%)

15/50
(30%)

F Uterus, hydrometra 3/50
(6%)

4/49
(8%)

5/49
(10%)

10/50
(20%)
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The incidences of harderian gland carcinoma in males and females in the two highest
dose groups were marginally, but not significantly, greater than those in the controls (Table 3). 
The incidences of harderian gland adenoma and adenoma or carcinoma (combined) increased
with increasing exposure concentration, and were significantly greater in males and females in
the two highest dose groups than in the controls (NTP, 1997) (Table 3).  Female mice in the 188
and 750 ppm groups had significantly greater incidences of hepatocellular adenoma and
hepatocellular adenoma or carcinoma (combined) than the controls (Table 4).  The incidences of
alveolar/bronchiolar carcinoma in male mice in the 750 ppm group and female mice in the 375
ppm group were significantly greater than those in the controls (Table 5).  Females in the 750
ppm group had a slightly, but not significantly, greater incidence of alveolar/bronchiolar
adenoma and a significantly greater incidence of alveolar/bronchiolar adenoma or carcinoma
(combined) than the controls (Table 5).  There was clear evidence of carcinogenic activity of
nitromethane in male B6C3F1 mice based on increased incidences of harderian gland adenomas
and carcinomas.  There was clear evidence of carcinogenic activity in female B6C3F1 mice,
based on increased incidences of harderian gland adenomas and carcinomas and liver neoplasms
(primarily adenomas).  Increased incidences of alveolar/bronchiolar adenomas and carcinomas in
male and female mice exposed to nitromethane were also considered by the researchers to be
related to chemical administration.

In a chronic study, groups of 40 male and 40 female Long-Evans rats were whole-body
exposed to 0, 100 ppm or 200 ppm (0, 250 or 499 mg/m ) of nitromethane vapor, 7 hours/day, 53

days/week, for 2 years (Griffin et al., 1996).  The animals were observed daily for toxicologic
effect and body weights were recorded periodically.  At the 2-year termination of exposure
period, clinical laboratory examinations (serum chemistry and hematology) were performed on
selected animals and all surviving animals were sacrificed and necropsied.  Histopathologic
examinations of all animals included tissues from the reproductive system and an extensive
collection of organs, but not the upper respiratory tract.  Mortality was unaffected by
nitromethane treatment.  No adverse clinical signs were reported.  Body weight of males
appeared to be unaffected by exposure; there was only one measurement during the fourth week
of exposure when the body weight of males exposed to nitromethane at 100 ppm was
significantly different from the body weight of their respective controls.  After about 9 months of
exposure, body weights of female rats in both treatment groups were slightly less than those of
the control group and, beginning at about 12 months, the differences were statistically
significant.  The reduction in body weight in females was not concentration-related; the
reduction in the rate of body weight gain was slightly greater among the low-dose females,
although the difference between the two exposed groups was not very large.  Erythrocyte count,
leucocyte count hemoglobin concentration, hematocrit, mean corpuscular volume, and platelet
count were unaffected by nitromethane treatment.  Clinical chemistry determinations of sodium,
potassium, aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea
nitrogen (BUN), total serum protein, and total bilirubin were also unaffected by treatment.  
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1 Table 3.  Incidences of Harderian Gland Lesions in B6C3F Mice Exposed by Inhalation to

Nitromethane, 6 Hours/Day, 5 Days/Week, for 103 Weeks (NTP, 1997)

Sex Lesion 0 ppm 188 ppm 375 ppm 750 ppm

M  Hyperplasia 2/50
(4%)

2/50
(4%)

p>0.05

6/50
(12%)
p>0.05

2/50
(4%)

p>0.05

F  Hyperplasia 3/50
(6%)

2/50
(4%)

p>0.05

5/50
(10%)
p>0.05

1/50
(2%)

p>0.05

M  Adenoma 9/50
(18%)

10/50
(20%)

p=0.505

19/50
(38%)

p=0.019

32/50
(64%)

p<0.001

F  Adenoma 5/50
(10%)

7/50
(14%)

p=0.380

16/50
(32%)

p=0.008

19/50
(38%)

p=0.003

M  Carcinoma 1/50
(2%)

1/50
(2%)

p=0.762

6/50
(12%)

p=0.062

5/50
(10%)

p=0.104

F  Carcinoma 1/50
(2%)

2/50
(4%)

p=0.501

4/50
(8%)

p=0.194

3/50
(6%)

p=0.365

M  Adenoma or Carcinoma

Combined
10/50
(20%)

11/50
(22%)

p=0.506

25/50
(50%)

p=0.001

37/50
(74%)

p<0.001

F  Adenoma or Carcinoma

Combined
6/50

(12%)
9/50

(18%)
p=0.175

20/50
(40%)

p=0.002

21/50
(42%)

p=0.002
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1 Table 4.  Incidences of Liver Lesions in Female B6C3F Mice Exposed by Inhalation to

Nitromethane, 6 Hours/Day, 5 Days/Week, for 103 Weeks (NTP, 1997)

Sex Lesion 0 ppm 188 ppm 375 ppm 750 ppm

F Eosinophilic foci 4/50
(8%)

7/49
(14%)
p>0.05

11/49
(22%)
p#0.05

15/50
(30%)
p#0.05

F Adenoma 14/50
(28%)

25/49
(51%)

p=0.013

17/49
(35%)

p=0.364

35/50
(70%)

p<0.001

F Carcinoma 10/50
(20%)

14/49
(29%)

p=0.195

8/49
(16%)

p=0.383

12/50
(24%)

p=0.200

F Adenoma or Carcinoma

Combined
19/50
(38%)

34/49
(69%)

p<0.001

22/49
(45%)

p=0.368

40/50
(80%)

p<0.001
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1 Table 5.  Incidences of Lung Lesions in B6C3F Mice Exposed by Inhalation to Nitromethane, 6

Hours/Day, 5 Days/Week, for 103 Weeks (NTP, 1997)

Sex Lesion 0 ppm 188 ppm 375 ppm 750 ppm

M Histiocyte Infiltration 7/50
(14%)

2/50
(4%)

p>0.05

3/50
(6%)

p>0.05

6/50
(12%)
p>0.05

F Histiocyte Infiltration 0/50 1/50
(2%)

p>0.05

6/49
(12%)
p#0.05

4/50
(8%)

p>0.05

M Alveolar Epithelial
Hyperplasia

1/50
(2%)

1/50
(2%)

p>0.05

3/50
(6%)

p>0.05

1/50
(2%)

p>0.05

F Alveolar Epithelial
Hyperplasia

3/50
(6%)

p>0.05

1/50
(2%)

p>0.05

5/49
(10%)
p>0.05

1/50
(2%)

p>0.05

M Alveolar/bronchiolar

Adenoma
11/50
(22%)

10/50
(20%)

p=0.456

9/50
(18%)

p=0.412

12/50
(24%)

p-0.511

F Alveolar/bronchiolar

Adenoma
3/50
(6%)

3/50
(6%)

p=0.632

2/49
(4%)

p=0.514

9/50
(18%)

p=0.083

M Alveolar/bronchiolar

Carcinoma 
2/50
(4%)

3/50
(6%)

p=0.569

3/50
(6%)

p=0.485

11/50
(22%)

p=0.009

F Alveolar/bronchiolar

Carcinoma 
0/50 3/50

(6%)
p=0.119

5/49
(10%)

p=0.033

3/50
(6%)

p=0.110

M Alveolar/bronchiolar

Adenoma or Carcinoma

Combined

13/50
(26%)

13/50
(26%)

p=0.517

12/50
(24%)

p=0.515

20/50
(40%)

p=0.105

F Alveolar/bronchiolar

Adenoma or Carcinoma

Combined

3/50
(6%)

6/50
(12%)

p=0.243

6/49
(12%)

p=0.238

12/50
(24%)

p=0.015
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While still within the normal range, there was a small increase in levels of serum creatinine
among high-dose animals; in the case of males the difference was statistically significantly
different from the control group.  However, this is attributed to the interference of nitromethane
with the Jaffe reaction, a colorimetric method for measuring serum creatinine, leading to a
falsely elevated creatinine reading.  Organ weights were unaffected by nitromethane treatment. 
No nonneoplastic histological findings were attributed to exposure to nitromethane.  Unlike the
case of female F344/N rats in the NTP (1997) study, the authors stated that fibroadenomas and
multiple fibroadenomas of the mammary glands were common in all groups of female Long-
Evans rats, and the incidence of these tumors did not demonstrate any relationship to
nitromethane exposure.  Other malignant and benign tumor incidences and distribution also did
not demonstrate any relationship to nitromethane exposure.  The study identifies the highest
concentration tested (200 ppm) as a NOAEL.

Other Studies

 The results of genotoxicity testing for nitromethane have been predominantly negative. 
Nitromethane was negative for induction of mutation in Salmonella typhimurium strains TA98,
TA100, TA1535, TA1537 and TA1538 when tested with or without S9 metabolic activation
(Dellarco and Prival, 1989; Gocke et al., 1981; Chiu et al., 1978; Lofroth et al., 1981;
Mortelmans et al., 1986; NTP, 1997).  Nitromethane did not induce sister chromatid exchanges
(SCEs) or chromosomal aberrations in cultured Chinese hamster ovary (CHO) cells with or
without S9 (NTP, 1997).  Nitromethane was negative in an in vitro micronucleus test in Syrian
hamster embryo (SHE) cells (Gibson et al., 1997), but positive in an in vitro SHE transformation
assay (Kerckaert et al., 1996).  Nitromethane administered intraperitoneally in ICR mice twice

1within 24 hours (Gocke et al., 1981), or by inhalation in B6C3F  mice for 13 weeks at
concentrations up to 1500 ppm  (NTP, 1997), did not induce increased frequencies of
micronucleated erythrocytes in peripheral blood.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
ORAL RfD VALUES FOR NITROMETHANE

No data were located regarding the toxicity of nitromethane in humans following oral
exposure.  In animals, the data were limited to a single dose study in dogs and a 15-week
drinking water study in rats (Weatherby, 1955) that was of limited utility for risk assessment due
to unexplained deaths in both dose groups.  Subchronic or chronic oral p-RfD values for
nitromethane cannot be derived because human and adequate animal toxicity data following
subchronic and chronic oral exposure to nitromethane are lacking.
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DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
INHALATION RfC VALUES FOR NITROMETHANE

The inhalation database for nitromethane includes 16-day, 13-week, and 2-year studies in

1F344/N rats and B6C3F  mice (NTP, 1997), 6-month studies in Sprague Dawley rats and New
Zealand white rabbits (Lewis et al., 1979), and a 2-year study in Long-Evans rats (Griffin et al.,
1996).  Reproductive tissues were examined microscopically in the subchronic and chronic
studies conducted by NTP (1997) and Griffin et al. (1996); only the NTP (1997) studies included
histopathologic evaluations of the upper respiratory tract.  The NTP (1997) 13-week and 2-year
inhalation studies of nitromethane in mice identified the lowest LOAEL of 187-188 ppm for
nasal tissue alterations.  Nasal tissue alteration is supported as the critical endpoint, as this effect
was also observed in the NTP (1997) 13-week study in rats at $373 ppm and in the NTP (1997)
16-day studies at $377 ppm in both rats and mice.  Animal bioassays also identified increased
liver weight, sciatic nerve and spinal cord degeneration, and hematological effects as adverse
effects at higher concentrations ($375 ppm).

A provisional subchronic RfC for nitromethane is derived from the subchronic inhalation
study in mice conducted by NTP (1997).  This study identified a LOAEL of 187 ppm (467
mg/m ) and a NOAEL of 94 ppm (235 mg/m ) for nasal tissue alteration in female mice exposed3 3

to nitromethane, 6 hours/day, 5 days/week, for 13 weeks.  

In conducting dosimetric conversions from animal studies to human exposure scenarios,
U.S. EPA (1994b) classifies gases according to their water solubility and reactivity.  Category 1
gases are highly water-soluble and/or rapidly reactive and do not penetrate the blood.  Category
3 gases are water insoluble, and uptake from the lungs is limited by perfusion.  Category 2 gases
are intermediate between these two groups.  They are moderately water-soluble and
rapidly-reversibly reactive or moderately-to-slowly irreversibly metabolized in the respiratory
tissue.  On the basis of nitromethane’s chemical/physical properties of moderate water solubility
(111 g/L at 25°C; SRC, 2003) and moderate reactivity (based on the evidence of nasal alteration
following direct contact), it can be considered a Category 2 gas.  This conclusion is supported by
the finding of both respiratory effects (from direct contact) and systemic (extrarespiratory)
effects (sciatic nerve and spinal cord degeneration, bone marrow hyperplasia, mammary gland,
harderian gland and liver neoplasms from absorbed nitromethane) following inhalation exposure.

Because the equations for the regional gas dosimetry ratio (RGDR) for Category 2 gases
are currently undergoing EPA reevaluation (eqs. 4-29 through 4-44, pages 4-52 through 4-57 of
U.S. EPA, 1994b), dosimetric adjustment of animal exposure to human equivalent
concentrations (HECs) may be based on algorithms for Category 1 or Category 3 gases,
depending upon whether the major effect is respiratory or systemic.  Because the critical target
for RfC derivation is the nasal mucosa, algorithms for extrathoracic effects for Category 1 gases
are used to adjust animal exposure concentrations of nitromethane to HECs (U.S. EPA, 1994b). 
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The regional gas dose ratio (RGDR) for a category 1 gas with effects in the extrathoracic region
is defined as (eq. 4-18 of U.S. EPA, 1994b):

                              (Eq. 1)

where:
EV  = Minute volumes, in cm /min = mL/min,3

ETSA  = Surface areas of the extrathoracic regions in cm , and2

A and H are subscripts for animal and human values, respectively.

ET(Mouse: Human) For calculating the RGDR for the NTP (1997) study, extrathoracic
surface areas for the mouse (3 cm ) and human (200 cm ), and the minute volume for humans2 2

(13.8 L/min) were taken from U.S. EPA (1994b).  The minute volume for mice was calculated
using the average body weight in the NTP (1997) study, 0.025 kg, and the intercept and
coefficient values provided in Table 4-6 of U.S. EPA (1994b) for the algorithm (eq. 4-4 of U.S.
EPA, 1994b):   

E 0 1               ln (V ) = b  + b  [ln(BW)]             (Eq. 2)

Eln (V ) = 0.326 + 1.05 [ln(0.025)]

E          V  = 28.8 mL/min

Using these values, 

ET(Mouse: Human) RGDR = (28.8/3)/(13800/200) = 0.139

The NOAEL of 235 mg/m  (94 ppm) for mice in NTP (1997) was adjusted for intermittent3

duration exposure as follows:

Mouse MouseDuration-adjusted NOAEL  = NOAEL  x (hours/day) x (days/week)
               =   235 mg/m  x (6 hours/24 hours) x (5 days/7 days)3

               =     42 mg/m3
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The human equivalent concentration for subchronic RfC derivation was calculated as follows:

HEC Mouse ET(Mouse: Human)        NOAEL  = NOAEL  x RGDR                         (Eq. 3)
                           =   42 mg/m  x 0.1393

                           =   5.8 mg/m3

An uncertainty factor (UF) of 100 [3 for interspecies extrapolation using dosimetric
adjustments, 10 for human variability and 3 for database insufficiencies (lack of developmental

HECand reproductive data)] was applied to the NOAEL  yielding a subchronic p-RfC of 6x10-2

mg/m . 3

HEC                                  subchronic p-RfC = NOAEL  ÷ UF
                = 5.8 mg/m  ÷ 1003

                = 6E-2 mg/m3

A provisional chronic RfC for nitromethane is derived from the 2-year inhalation study in
mice conducted by NTP (1997).  This study identified a LOAEL of 189 ppm (472 mg/m ;3

duration adjusted: 84 mg/m ) for nasal tissue alteration in male and female mice exposed to3

nitromethane, 6 hours/day, 5 days/week, for 2 years.  No NOAEL was established.  The average
body weight for male and female mice for the 103 weeks was 0.0414 kg, and the associated

Eminute volume (V ) based on this weight, calculated using Eq. 1, is 48.9 mL/min.  The RGDR
based on this mouse minute volume is

ET(Mouse: Human) RGDR = (48.9/3)/(13800/200) = 0.236

The human equivalent concentration for chronic p-RfC derivation was calculated as follows:

HEC Mouse ET(Mouse: Human)          LOAEL  = LOAEL  x RGDR  
                           = 84 mg/m  x 0.2363

                           = 19.8 mg/m3

An uncertainty factor (UF) of 1000 [10 for use of a LOAEL, 3 for interspecies
extrapolation using dosimetric adjustments, 10 for human variability and 3 for database

HECinsufficiencies (lack of developmental and reproductive data)] was applied to the NOAEL
yielding a chronic p-RfC of 0.02 mg/m .3

HEC                                                    p-RfC = LOAEL  ÷ UF
                 = 19.8 mg/m  ÷ 10003

                 = 2E-2 mg/m3
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Confidence in the principal studies (NTP, 1997) is high.  The studies provided sufficient
detail of methods and results, used adequate numbers of animals of both sexes, examined an
adequate array of endpoints (including portal-of-entry tissues), and identified sensitive target
organs and critical effect levels.  Confidence in the database is medium.  Acute, subchronic and
chronic inhalation studies exist in at least two species, but developmental and reproductive
studies are lacking.  Data supporting the critical effect (nasal tissue alterations) come from 16-
day and subchronic studies in mice and rats, and a chronic study in mice.  Medium confidence in
the subchronic and chronic p-RfCs result.

DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT
FOR NITROMETHANE

Weight-of-Evidence Classification

No data were located regarding the carcinogenicity of nitromethane in humans.  Chronic
studies, pertinent to a carcinogenicity assessment of nitromethane, exist in two strains of rats

1(F344/N and Long-Evans) and a single mouse strain (B6C3F ).  Results from 2-year inhalation

1bioassays in F344/N rats and B6C3F  mice (NTP, 1997) provide clear evidence of
carcinogenicity (see Tables 1 and 3 to 5).  There was clear evidence of carcinogenic activity of
nitromethane in female F344/N rats based on increased incidences of mammary gland

1fibroadenomas and carcinomas, in male B6C3F  mice based on increased incidences of harderian

1gland adenomas and carcinomas, and in female B6C3F  mice based on increased incidences of
liver neoplasms (primarily adenomas) and harderian gland adenomas and carcinomas (NTP
1997).  Increased incidences of alveolar/bronchiolar adenomas and carcinomas in male and

1female B6C3F  mice exposed to nitromethane were also considered to be related to chemical
administration (NTP, 1997).  The mammary gland cancer risk in female rats is apparently strain-
related, as incidences of this tumor type were not elevated in female rats of the Long-Evans
strain (Griffin et al., 1996).  In summary, animal studies (NTP, 1997) provide sufficient evidence
for nitromethane inhalation exposure to produce cancer.  The mechanisms by which
nitromethane may cause cancer in rodents are not understood.  Genotoxicity test results for
nitromethane were predominantly negative (Chiu et al., 1978; Dellarco and Prival, 1989; Gibson
et al., 1997; Gocke et al., 1981; Lofroth et al., 1981; Mortelmans et al., 1986; NTP, 1997). 
Under the proposed U.S. EPA (1999) cancer guidelines, the weight of available evidence
suggests nitromethane is likely to be carcinogenic to humans.

Quantitative Estimates of Carcinogenic Risk

A provisional oral slope factor was not derived due to lack of human or animal studies on
the carcinogenicity of nitromethane following oral exposure.
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Inhalation cancer risk may be calculated from the tumor incidence data in Tables 1 and 3
to 5.  However, only those tumors with the strongest exposure relationship, including mammary
and harderian gland tumors, and hepatocellular adenomas, as listed in Table 6, were considered. 
Because these tumors developed outside the respiratory tract, algorithms for Category 3 gases
are used to adjust animal exposure concentrations of nitromethane to HECs for the purpose of
estimating cancer potency values.  For a Category 3 gas, the HEC for extrarespiratory effects is
calculated according to the equation (eq. 4-48 of U.S. EPA, 1994b):

            (Eq. 4)

b/g A b/g Hwhere (H )  / (H )   is the ratio of  blood:gas partition coefficients (animal:human).  Since
blood:gas partition coefficients are not available for nitromethane in the rat, mouse or human, a
default value of 1 was used for this ratio (according to guidance of U.S. EPA, 1994b). 
Therefore, ppm (mg/m ) equivalence between species for exposure is assumed. The HECs for3

duration-adjusted target concentrations are listed in Table 6.

1 Table 6.  Incidences of Neoplasms in F344/N Rats and B6C3F Mice Exposed by Inhalation to

Nitromethane, 6 Hours/Day, 5 Days/Week, for 103 Weeks (NTP, 1997)

Target
Conc.
ppm 

(mg/m )3

Cat 3HEC
(mg/m )3

Mammary Gland
Fibroadenoma,

Adenoma or
Carcinoma

 in Female Rats

Harderian Gland
Adenoma or
Carcinoma

 in Male Mice

Harderian Gland
Adenoma or
Carcinoma 

in Female Mice

Hepatocellular
Adenoma  in Female

Mice

0
(0)

0 21/50 10/50  6/50 14/50

94
(235)

42 25/50 ---- ---- ----

188
(469)

84 34/50  11/50  9/50 25/49

375
(936)

167  41/50  25/50  20/50 17/49

750
(1872)

334 ----  37/50  21/50  35/50
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The linearized multistage model (LMS) was fit to the HECs and neoplasm incidence data
in Table 6 using the Global86 computer program.  A background parameter was included in the
models, as non-zero responses were observed for the control groups.  Resultant upper-bound unit

1 10 cancer risks (q *) and LED s (lower 95% confidence limits on doses associated with 10%
increased tumor incidence over background) are listed in Table 7.  Cancer inhalation potency

10factors were also estimated as the slope (10% / LED ) of the linear extrapolation from the origin

10to the LED  (1999).  These results are also shown in Table 7.

Of the values in Table 7, the greatest cancer risk is associated with mammary gland
fibroadenoma, adenoma and carcinoma (combined) in female rats.  Although the values for the

1 10upper bound unit cancer risk (q *) and the slope (10% / LED ) are similar, the U.S. EPA cancer
guidelines (U.S. EPA, 1999) suggest that the slope value is preferred.  Consequently, the

10provisional inhalation unit risk for nitromethane based on the slope (10% / LED ) is
selected and rounded to 9E-3 mg/m .3

Table 7.  Human Equivalent Inhalation Cancer Potency Values for Nitromethane 
Based on Extrarespiratory Neoplasm Incidence

Tumor Type

Human
Upper Bound Unit

Cancer Risk

1q *
(mg/m )3 -1

Human

10  LED
(mg/m )3

Human

100.1/LED
(mg/m )3 -1

Mammary Gland 
Fibroadenoma, Adenoma or Carcinoma in Female
Rats

a b9.6 x 10 11 9.3 x 10-3 -3

Harderian Gland
Adenoma or Carcinoma 
in Male Mice

a c3.0 x 10 35 2.9 x 10-3 -3

Harderian Gland
Adenoma or Carcinoma 
in Female Mice

a d2.1 x 10 50-3

2.0 x 10-3

1Human q * calculated using GLOBAL86 linearized multistage model (calculations based on extra risk; background estimated
in model).

10Human LED  calculated following procedures in U.S. EPA (1996) Benchmark Dose Technical Guidance Document.
Calculated using second-degree multistage model selected by the GLOBAL86 algorithm.a

Calculated using first-degree multistage model; p=0.71.b

Calculated using second-degree multistage model; p=0.17.c

Calculated using first-degree multistage model; p=0.26.d
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