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Acronyms and Abbreviations 

bw body weight

cc cubic centimeters

CD Caesarean Delivered

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

of 1980

CNS central nervous system

cu.m cubic meter

DWEL Drinking Water Equivalent Level

FEL frank-effect level

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

g grams

GI gastrointestinal

HEC human equivalent concentration

Hgb hemoglobin

i.m. intramuscular

i.p. intraperitoneal

i.v. intravenous

IRIS Integrated Risk Information System

IUR inhalation unit risk

kg kilogram

L liter

LEL lowest-effect level

LOAEL lowest-observed-adverse-effect level

LOAEL(ADJ) LOAEL adjusted to continuous exposure duration

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

m meter

MCL maximum contaminant level

MCLG maximum contaminant level goal

MF modifying factor

mg milligram

mg/kg milligrams per kilogram

mg/L milligrams per liter

MRL minimal risk level

MTD maximum tolerated dose



ii

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 
2,6 -DINITROTOLUENE (CASRN 606-20-2)

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) lists subchronic and chronic oral RfD values of 1E-2
mg/kg-day and 1E-3 mg/kg-day, respectively, for 2,6-dinitrotoluene based on a 13-week gavage
study in dogs (Lee et al., 1976).  The assessment was based on a NOAEL of 4 mg/kg-day for
neurotoxicity, blood alterations, and liver and kidney histopathology.  An uncertainty factor of
3000 (10 for animal to human extrapolation, 10 for intraspecies diversity, 10 for less-than-
lifetime study, and 3 for limited database, including lack of developmental and reproductive
studies) was applied (Dourson and Stara, 1983).  The source document for this derivation was a
Health Advisory for 2,4- and 2,6-Dinitrotoluene  (U.S. EPA, 1992).  The RfD is included in the
Drinking Water Standards and Health Advisories list (U.S. EPA, 2002).  There is no RfD on
IRIS (U.S. EPA, 2003).  The HEAST does not include an RfC assessment for 2,6-dinitrotoluene
due to lack of data, and no RfC assessment for 2,6-dinitrotoluene is available on IRIS (U.S.
EPA, 2003).  The HEAST (U.S. EPA, 1997) indicates that a quantitative cancer assessment for a
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mixture of 2,4- and 2,6-dinitrotoluene is available on IRIS (U.S. EPA, 2003).  The source
document for the cancer assessment was a Health and Environmental Effects Profile (HEEP) for
Dinitrotoluene (U.S. EPA, 1986) that assigned the 2,4 and 2,6-dinitrotoluene mixture to weight
of evidence group B2 (probable human carcinogen) and derived an oral slope factor of 6.8E-1
(mg/kg-day)-1.  In addition to the HEEP previously mentioned, a HEA (U.S. EPA, 1987) for 2,4-
and 2,6-dinitrotoluene is included in the CARA list (U.S. EPA, 1991b, 1994).

A Toxicological Profile for 2,4- and 2,6-dinitrotoluene is available from ATSDR. 
ATSDR (1998) derived an intermediate-duration oral MRL of 0.004 mg/kg-day for 2,6-
dinitrotoluene based on hematological effects in the dog study by Lee et al. (1976).  The MRL
was derived by applying an uncertainty factor of 1000 to 4 mg/kg-day, which was considered by
ATSDR to be a LOAEL for mild extramedullary hematopoiesis in the spleen.  Occupational
exposure limits are available for dinitrotoluene (mixed isomers) that include a TLV-TWA of 0.2
mg/m3 recommended by ACGIH (2002), a 8-hour PEL-TWA of 1.5 mg/m3 promulgated by
OSHA (2002), and a REL of also 1.5 mg/m3 established by NIOSH (2002).  These values are
intended to protect against cardiovascular and reproductive effects of the dinitrotoluene mixture.
IARC (1996) placed 2,6-dinitrotoluene in weight of evidence group 2B (possibly carcinogenic to
humans) based on sufficient evidence in animals and inadequate evidence in humans.  NTP
(2002) has not studied 2,6-dinitrotoluene.  No Environmental Health Criteria Document is
available for  2,6-dinitrotoluene (WHO, 2002).  Literature searches were conducted from 1985
through 2004 for studies relevant to the derivation of provisional toxicity values for
2,6-dinitrotoluene.  Databases searched included: TOXLINE, MEDLINE, CANCERLIT,
TSCATS, RTECS, CCRIS, DART, EMIC/ EMICBACK, HSDB, and GENETOX.

REVIEW OF PERTINENT DATA

Human Studies

No data are available regarding humans exposed solely to 2,6-dinitrotoluene.  Most of the
information available regarding exposure to dinitrotoluenes in humans involves occupational
exposure to 2,4-dinitrotoluene or to technical grade dinitrotoluene (TGDNT, approximately 76%
2,4-dinitrotoluene and 19% 2,6-dinitrotoluene).  In occupational settings, the routes of exposure
are primarily inhalation and dermal contact.  Acute exposure to high amounts of dinitrotoluenes
is expected to produce methemoglobinemia, a characteristic feature of exposure to nitroaromatic
compounds in general.  Methemoglobin decreases the oxygen carrying capacity of the blood.  A
small amount of methemoglobin is normally present in the blood (approximately 1%), but it is
constantly being reduced by enzymes in the red cell.  Methemoglobin can reach up to 25%
without giving apparent symptoms; levels of 35-50% result in mild symptoms such as dyspnea
upon exertion and headaches, and levels exceeding 70% are probably lethal. 
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The U.S. EPA (1986) summarized early data on subjects occupationally exposed mainly
to 2,4-dinitrotoluene and stated that a number of signs and symptoms were reported, including
headache, vertigo, fatigue, dizziness, weakness, nausea, vomiting, dyspnea, drowsiness,
arthralgia, insomnia, tremor, paralysis, unconsciousness, chest pain, shortness of breath,
palpitation, anorexia, weight loss, and an unpleasant metallic taste in the mouth.  Medical
examination of the workers showed impaired reflexes, nystagmus, tremors, pallor, cyanosis,
anemia, leukocytosis, hypertension, dermatitis, leukopenia and hepatitis or jaundice. 

Studies of men occupationally exposed to TGDNT at dinitroluene or toluene diamine
plants showed no significant differences in sperm counts or morphology, follicle stimulating
hormone levels, or fertility of the workers, or incidence of miscarriage in their wives (ATSDR,
1998).  A retrospective cohort mortality study of munition workers who were exposed to either
2,4-dinitrotoluene or TGDNT at two different manufacturing plants reported significant
increases in death rates due to ischemic heart disease and residual disease of the circulatory
system (congestive heart failure, cardiac arrest, and arteriosclerosis) (Levine et al., 1986).  Such
increases occurred more than 15 years after employment started.  Furthermore, there appeared to
be an association between heart disease and intensity of exposure to dinitrotoluene.  No
significant increases in mortality from malignant neoplasms as a group or from particular
cancers were noted in this study.  An additional study conducted at one of these plants reported
an excess of cancer of the biliary tract, liver, and gall-bladder in workers exposed to a mixture of
98% 2,4-dinitrotoluene and 2% 2,6-dinitrotoluene in comparison with both the United States
population and an internal unexposed group (Stayner et al., 1993).  However, this finding was
based on only 6 cases, and an exposure duration-response analysis could not be done because
few workers had more than five years of exposure to dinitrotoluene.  A more recent study of
miners from the former German Democratic Republic exposed to TGDNT found a significant
increase in urothelial cancers confined predominantly to a high-exposure category group
(Brüning et al., 1999).

Animal Studies

Characteristic signs of intoxication with dinitrotoluene in animals include central nervous
system depression, respiratory depression, and ataxia (U.S. EPA, 1986).  U.S. EPA (1986) and
ATSDR (1998) list the following oral LD50s for 2,6-dinitrotoluene from various studies: 535 and
795 mg/kg for male and female CD rats, respectively; 180 mg/kg for male Sprague-Dawley rats;
621 and 807 mg/kg for male and female CD mice, respectively; and, 1000 mg/kg for CF-1 mice.

Few longer-term studies with 2,6-dinitrotoluene were located in the available literature,
and some of them were designed primarily to evaluate the carcinogenic potential of 2,6-
dinitrotoluene.  The oral RfD listed in the HEAST (U.S. EPA, 1997) is based on a study by Lee
et al. (1976) in dogs.  In that study, groups of beagle dogs (4/sex/dose level) were given 2,6-
dinitrotoluene (>99% pure) in gelatin capsules at doses of 0, 4, 20, or 100 mg/kg-day for 4 or 13
weeks.  Endpoints monitored included clinical signs, body weight, food consumption,
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hematology and clinical chemistry parameters and serum electrolytes, organ weights, and gross
and microscopic evaluation of tissues and organs.  Some dogs were removed from treatment at
weeks 4 and 13 and placed on a control diet for 4 weeks to evaluate reversibility of the effects. 
All dogs in the high-dose group died between weeks 2 and 8.  The signs exhibited by these dogs
consisted of listlessness, incoordination, lack of balance, pale gums, dark urine, and weakness,
particularly of the hind limbs; tremors were seen occasionally.  Terminal signs seen in some
dogs included yellow gums and darkened sclera.  Gross necropsy showed little body fat,
dehydration, and jaundice.  Two female dogs from the mid-dose group died on week 9.  A Fisher
Exact test conducted by SRC comparing death in the control and mid-dose group yielded a p
value of 0.233, indicating a non-statistically significant difference.  However, the deaths may
have been compound related, as gross necropsy showed emaciation and jaundice, and group
sizes were too small for the statistical test to have much power to detect an effect.  In general, the
dogs in the mid-dose group showed signs similar to those seen in the high-dose group, but in
milder form.  In addition, the signs of toxicity in the mid-dose group were not seen until week 4.

No significant treatment-related effects occurred in the low-dose group other than mild
splenic hematopoiesis in some dogs; however, animals at the mid-dose and high-dose levels
showed clear signs of toxicity (neurological, hematological and liver histopathology) and the
incidence and severity of the effects were dose-related.  The extramedullary hematopoiesis
observed at the low-dose appeared to be reversible even at the higher doses depending upon the
length of exposure and post-exposure recovery period.  Therefore, based on the reversibility of
the mild effects with cessation of exposure, the low-dose of 4 mg/kg-day is designated the
NOAEL.

No significant alterations in body weight were seen in control and low-dose animals, but
dogs in the mid-dose group began to lose weight on week 4 or 5, which correlated with the
toxicity signs mentioned above (Lee et al., 1976).  The high-dose dogs lost weight from the first
week of treatment.  Food consumption correlated with weight changes.  Control and low-dose
group dogs showed mild fluctuations in hematology and clinical chemistry parameters which
were considered to be of no toxicological significance by the authors.  However, mid-dose
animals showed significant effects, including anemia characterized by decreases in hematocrit
and hemoglobin with a compensatory reticulocytosis.  Small amounts of methemoglobin were
seen at week 8 and Heinz bodies at week 13.  Serum alanine aminotransferase (ALT) activity
was increased at weeks 8 and 13.  One of the females that died in week 9 was severely anemic,
with large amounts of Heinz bodies and methemoglobin, and elevated serum ALT, aspartate
aminotransferase (AST) and alkaline phosphatase (AP).  Blood analysis done on week 2 in high-
dose dogs showed severe effects, including a 66% reduction in RBC and signs of immature
erythrocytes.  Also evident was leukocytosis, with increased percentage of neutrophils and
decreased percentage of lymphocytes, and increased serum AP and ALT activities.  Laboratory
data from dogs in the mid-dose group treated for 4 or 13 weeks showed recovery after 4 weeks,
but high-dose dogs treated for 4 weeks did not recover until week 19.
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No significant alterations in organ weights were seen in the low-dose groups compared to
the control group (Lee et al., 1976).  Treatment-related histological alterations in the mid- and
high-dose groups after 4 weeks of treatment included extramedullary hematopoiesis in the liver
and spleen, bile duct hyperplasia, degeneration and/or subacute inflammation in the liver, and
degeneration and/or depression of spermatogenesis in the testes.  The incidence and severity of
these lesions were generally dose-related.  Lymphoid depletion in the spleen and lymph node,
and involution of the thymus were also seen in high-dose animals.  A female dog from the low-
dose group had several graafian follicles, but no corpora lutea.  This female also had mild
extramedullary hematopoiesis in the spleen.  Since this was seen in dogs treated for 13 weeks at
this dose level and at higher dose levels, these alterations were considered compound-related. 
Treatment for 13 weeks with the mid or high dose of 2,6-dinitrotoluene caused similar lesions in
the liver and spleen.  It also caused kidney effects consisting of dilated tubules, foci of
inflammation, degeneration, yellow pigment and /or casts in the tubules.  The high dose also
caused lesions in the testes, lymph nodes and thymus.  The effects at 13 weeks were usually
more numerous and more severe than those seen at 4 weeks.  Also compound-related was the
finding of mild extramedullary hematopoiesis and lymphoid depletion in the spleen of some
dogs from the low dose group.  In dogs treated for 4 weeks and allowed to recover there were
lesser amounts of extramedullary hematopoiesis and testicular toxicity.  Two dogs given the high
dose and allowed to recover for 19 weeks showed complete recovery.  Dogs treated for 13 weeks
did not show full recovery, as one dog in the mid-dose group still had various lesions in the liver,
kidney, and testes and a low-dose female dog still had minimal bile duct hyperplasia.  To
determine whether treatment with 2,6-dinitrotoluene causes an allergic reaction, the authors
measured its effects on serum IgE levels.  The results revealed no apparent change in serum IgE
concentration.  Based on the effects on body weight, hematological and neurological effects, and
histopathology, the dose level of 4 mg/kg-day is considered the study NOAEL.  Mild splenic
hematopoiesis seen in some dogs at his dose level was not considered to be adverse.  The 20
mg/kg-day dose level is the LOAEL, but it could also be considered a FEL for the death of two
female dogs on week 9.  The signs of emaciation and jaundice seen in these dogs upon necropsy
are consistent with those seen in the high-dose dogs and are likely compound-related.

Lee et al. (1976) also conducted a similar study in rats.  Groups of CD rats (16/sex/dose
level) were fed diets containing 2,6-dinitrotoluene at 0, 0.01, 0.05, or 0.25% for up to 13 weeks. 
According to the investigators, the diet provided 0, 7, 35, or 145 mg of test material/kg-day to
male rats and 0, 7, 37, or 155 mg/kg-day to female rats.  Treatment with 2,6-dinitrotoluene did
not cause overt neuromuscular signs as in dogs, but high-dose rats were less active.  They also
had rough coats and signs of malnutrition.  There were no unscheduled deaths.  Body weights
were markedly and consistently reduced in the mid- and high-dose males and females throughout
the exposure period.  At 13 weeks, body weights were 20-30% lower than controls in mid-dose
rats and 30-55% lower than controls in high-dose rats.  Body weights were also mildly reduced
in low-dose males and females for much of the study, but the difference from controls was not
considered to be toxicologically significant (generally less than 10%).  The decreases in body
weight were associated with corresponding decreases in food consumption.  No significant
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and/or consistent treatment-related effects were seen in the low-dose rats.  Mid-dose rats showed
extramedullary hematopoietic activity in the spleen and/or liver, bile duct hyperplasia, and/or
depression of spermatogenesis and atrophy of the testes, and some rats had elevated serum ALT. 
In addition to these changes, the high-dose rats exhibited methemoglobinemia, Heinz bodies,
anemia, and compensatory reticulocytosis.  In general, the effects in the high-dose rats were
more severe and occurred earlier than in the mid-dose rats.  There appeared to be some
adaptation in the high-dose group during the treatment period, as judged by the increasing
amounts of food consumption and decreasing degree of anemia from week 4 to week 13, but the
tissue lesions, particularly in the testes, worsened during the course of treatment.  Only partial
recovery of the tissue lesions was seen after the 4-week recovery periods.  As seen in dogs, 2,6-
dinitrotoluene did not increase serum IgE concentrations.  Based on the changes in body weight,
hematology, and histopathological lesions, the dose level of 7 mg/kg-day can be considered a
NOAEL and 35 mg/kg-day the study LOAEL.

In another study of similar design, Lee et al. (1976) fed albino Swiss mice (16/sex/dose
level) a diet containing 0, 0.01, 0.05, or 0.25% 2,6-dinitrotoluene for up to 13 weeks.  According
to the authors, the corresponding intakes of test material were 0, 11, 51, or 289 mg/kg-day for
males and 0, 11, 55, or 299 mg/kg-day for females.  No compound-related effects were observed
in the low-dose group.  Several unscheduled deaths occurred during the study, including 2
among the controls (week 12), 3 in the low-dose group (weeks 1, 3, and 13), 9 in the mid-dose
group, and 14 in the high-dose group; all high-dose males died before week 9.  The authors
stated that in the mid- and high-dose groups most of the deaths were due to 2,6-dinitrotoluene. 
The exact cause of death was not discussed, but most dead mice were usually of low body
weight, frequently with significant weight losses a week or two before death.  In the mid- and
high-dose groups, food consumption was lower than in controls.  Blood analyses in the mid- and
high-dose groups revealed a number of statistically significant changes relative to the controls at
the respective time intervals; however, the authors stated that the changes were mild,
inconsistent, and not related to 2,6-dinitrotoluene.  Marked aspermatogenesis was observed in all
males from the high-dose group, and depressed spermatogenesis was seen in one male from the
mid-dose group treated for 4 weeks and in two males from the low-dose group treated for 4 or 13
weeks.  Bile duct hyperplasia occurred in the only mouse that survived treatment with the high
dose of 2,6-dinitrotoluene for 13 weeks and in two mice fed the mid-dose for 13 weeks.  Bile
duct hyperplasia was also present in two high-dose mice treated for 4 weeks and allowed to
recover for 4 weeks, suggesting that this lesion develops slowly.  The investigators also indicate
that extramedullary hematopoiesis in the liver and spleen was seen more often in mice treated
with 2,6-dinitrotoluene than in the controls and that generally, the incidence and severity were
dose-related.  No testicular lesions were observed in mice treated for 4 weeks and allowed to
recover for 4 weeks.  Whether this would also happen following 13 weeks of treatment is
unknown, since no high-dose males survived longer than 8 weeks.  There was partial recovery of
the bile duct hyperplasia after the 4-week recovery period, but extramedullary hematopoiesis
continued to occur in the liver and/or spleen.  Based on the testicular effects in male mice,
decreased food consumption, and incidence and severity of extramedullary hematopoiesis in
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mid- and high-dose group, the dose of 11 mg/kg-day can be considered a NOAEL and 51 mg/kg-
day a LOAEL.

Goldsworthy et al. (1986) conducted a study to evaluate the influence of various diets on
the hepatocarcinogenicity of 2,6-dinitrotoluene.  Limited information regarding non neoplastic
effects is available from this study.  Groups of Fischer 344/CrlBR male rats (30/group) were fed
diets that provided 0, 0.6-0.7, or 3.0-3.5 mg 2,6-dinitrotoluene/kg-day for up to 12 months (the
test material was 99.9% pure).  Interim sacrifices were conducted at various times for evaluation
of liver weight and neoplastic nodules in the liver.  All groups receiving the high-dose of 2,6-
dinitrotoluene gained approximately 10% less weight than their respective controls.  Liver
weights were not significantly altered throughout the study with respect to the control groups,
except for the high-dose group, which showed multiple gross lesions (tumors) at 12 months.  No
further information was provided regarding non neoplastic effects.  Hence, this study cannot be
used to derive any non-cancer benchmarks.
  

In another carcinogenicity study, groups of male Fischer 344/CrlBR rats (28/dose level)
were fed a diet that provided 0, 7, or 14 mg 2,6-dinitrotoluene/kg-day for 52 weeks (Leonard et
al., 1987).  The authors stated that purified 2,6-dinitrotoluene was used, but the actual purity was
not specified.  Body weights were checked every two weeks throughout the study.  Some hepatic
microsomal and cytosolic enzyme activities, phenotypic markers of neoplastic nodules, were
measured from animals killed after 4 and 26 weeks of treatment.  At the end of the treatment
period, the liver and lungs were removed and weighed, and the liver was prepared for
histological evaluation.  Serum ALT and (-glutamyl transferase (GGT) activities were also
determined.  At week 26 of treatment, terminal body weight in the low- and high-dose rats was
decreased by 5% and 10%, respectively, relative to controls.  Absolute liver weight was
increased by 9.3% and 18.7%, and relative liver weight was increased by 15% and 49%, in the
low- and high-dose groups, respectively.  Serum ALT activity was reduced, although not
significantly, whereas serum GGT activity was increased 6-fold and 18-fold in the low- and
high-dose groups, respectively.  Similar, but much more pronounced effects were seen after 52
weeks of treatment.  At this time, body weight was reduced by 18% and 32% in the low- and
high-dose groups, respectively, relative to controls, whereas absolute liver weight in the same
groups was increased 2-fold and 4-fold.  Microscopic evaluation of the liver revealed hepatocyte
degeneration and vacuolation in the majority of the treated animals, but the effects did not
appear to be dose-related.  These changes were only occasionally seen in controls.  Over 90% of
the treated animals had acidophilic and basophilic foci; no foci were apparent in controls.  No
specific mention was made of non neoplastic effects in the lungs.  No NOAEL can be defined in
this study.  Based on the changes in body weight, liver weight, and liver pathology, the study
LOAEL is 7 mg/kg-day.
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Other Studies

Information summarized by IARC (1996) indicates that 2,6-dinitrotoluene is weakly
mutagenic in Salmonella typhimurium strain TA98 without metabolic activation and in TA1535
and TA1537 with rat liver S9.  2,6-Dinitrotoluene did not induce morphological transformation
in Syrian hamster embryo cells, but induced DNA strand breaks in rat hepatocytes in vitro. 
IARC (1996) also states that 2,6-dinitrotoluene did not induce gene mutation to 6-thioguanine
resistance in Chinese hamster ovary cells with or without metabolic activation, and that
administration of 2,6-dinitrotoluene to rats in vivo induced unscheduled DNA synthesis in
hepatocytes.  Lee et al. (1976) reported that dosing rats with 35-37 mg of 2,6-dinitrotoluene/kg-
day for either 6 or 13 weeks caused an increased number of chromatid breaks and gaps in
peripheral lymphocytes and the same dose for 13 weeks also caused an increase in tetraploids in
kidney cultures.  Lee et al. (1976) also reported that 2,6-dinitrotoluene was not mutagenic in the
specific locus mutation test using Chinese hamster ovaries.  

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
ORAL RfD VALUES FOR 2,6-DINITROTOLUENE

Lee et al. (1976) conducted a 13-week subchronic oral study with 2,6-dinitrotoluene in
dogs administered the test compound daily in gelatin capsules; the doses tested were 0, 4, 20,
and 100 mg/kg-day.  No significant treatment-related effects occurred in the low-dose group
other than mild splenic hematopoiesis in some dogs.  Animals given the mid- and high-dose
levels showed clear signs of toxicity (neurological, hematological, and liver histopathology) and
the incidence and severity of the effects were dose-related.  All dogs from the high-dose group
died between weeks 2 and 8 and two females from the mid-dose group died on week 9.  A
comparison of the incidence of death between the mid-dose group and control group (2/8 vs. 0/8;
includes males and females) using the Fisher Exact test yielded a p value of 0.233, which is not
statistically significant, but the group sizes may have been too small for the test to detect an
effect.  However, the toxic effects which may have led to the death of the two females,
particularly emaciation, suggest that lethality was compound-related and that the dose level of 20
mg/kg-day should be considered a FEL.  NOAELs of 7 and 11 mg/kg-day were defined in
similar studies in rats and mice, respectively, also conducted by Lee et al. (1976).  The
corresponding LOAELs were 35 and 51 mg/kg-day.  Limited additional information on non
cancer endpoints is available from two 12-month oral studies of the carcinogenicity of 2,6-
dinitrotoluene (Goldsworthy et al., 1986; Leonard et al., 1987).  In the former, doses of 2,6-
dinitrotoluene of 3.0-3.5 mg/kg-day, but not 0.6-0.7 mg/kg-day,  produced an approximately
10% reduction in body weight gain and induced liver tumors.  In the Leonard et al. (1987) study,
the lowest dose tested, 7 mg/kg-day, significantly reduced body weight gain and increased
absolute liver weight, and induced histological changes in the liver indicative of pre-neoplastic
effects.  No developmental studies of 2,6-dinitrotoluene were located.  The only information
regarding reproductive effects of 2,6-dinitrotoluene is that from Lee et al. (1976), who reported
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adverse testicular effects in dogs, rats, and mice in 13-week studies.  The highest reliable
NOAEL in the literature reviewed is 4 mg/kg-day from the Lee et al. (1976) study in dogs and
can serve as basis for derivation of a provisional subchronic and chronic RfD.

A provisional subchronic RfD of 0.01 mg/kg-day is derived by applying an uncertainty
factor of 300 (10 to extrapolate from dogs to humans, 10 to protect sensitive individuals and 3
for database limitations, including lack of reproductive or developmental studies) to the NOAEL
of 4 mg/kg-day, as follows:

   subchronic p-RfD = NOAEL / UF
         = 4 mg/kg-day / 300
         = 0.01 mg/kg-day or 1E-2 mg/kg-day

A provisional chronic RfD of 0.001 mg/kg-day is similarly derived by applying an
uncertainty factor of 3000 (10 each for intraspecies variability, interspecies extrapolation,
extrapolation from subchronic to chronic data, and 3 for a deficient database, including lack of
reproductive or developmental studies) to the NOAEL of 4 mg/kg-day as follows:

                     p-RfD = NOAEL / UF
        = 4 mg/kg-day / 3000
        = 0.001 mg/kg-day or 1E-3 mg/kg-day

Confidence in the key study is medium because although a variety of endpoints were
evaluated (clinical signs, hematology, gross and histological pathology), the number of animals
per group (4) constitute a small sample size.  Confidence in the database is medium because
there are supporting subchronic studies in rats and mice, but, at the same time, there is a lack of
lifetime and developmental/reproductive studies.  Reproductive studies would be especially
relevant since the subchronic studies found testicular and sperm effects in dogs, rats, and mice. 
Medium confidence in the provisional subchronic and chronic RfD values follows.

DERIVATION OF PROVISIONAL SUBCHRONIC AND CHRONIC
INHALATION RfC VALUES FOR 2,6-DINITROTOLUENE

No information was located that could be used to derive provisional inhalation RfC
values for 2,6-dinitrotoluene.  No relevant studies were found in animals.  Workers with
occupational exposure to 2,6-dinitrotoluene generally were exposed to the technical grade
mixture, which consists primarily of the 2,4-dinitrotoluene isomer, had dermal as well as
inhalation exposure, and did not have their exposure to 2,6-dinitrotoluene quantified.
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DERIVATION OF A PROVISIONAL CARCINOGENICITY ASSESSMENT
FOR 2,6-DINITROTOLUENE

A cancer assessment, including derivation of an oral slope factor, is available for a
mixture of 2,4-dinitrotoluene (98% by weight) and 2,6-dinitrotoluene (2% by weight) on IRIS
(U.S. EPA, 2002b). Such a slope factor derived from a mixture of these two isomers cannot be
used to extrapolate to the carcinogenicity of either individual isomer, due to the fact that the
potency of the isomers may be extremely different.  In the absence of carcinogenicity data
(potency) on pure 2,6-DNT, one cannot develop a provisional oral slope factor.
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