DINITROTOLUENES 35
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3.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of 2,3-, 2,4-, 2,5-,
2,6-, 3,4-, and 3,5-DNT. It contains descriptions and evaluations of toxicological studies and
epidemiological investigations and provides conclusions, where possible, on the relevance of toxicity and

toxicokinetic data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

3.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELS) or lowest-
observed-adverse-effect levels (LOAELS) reflect the actual doses (levels of exposure) used in the studies.
LOAELSs have been classified into "less serious” or "serious" effects. "Serious" effects are those that
evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress
or death). "Less serious" effects are those that are not expected to cause significant dysfunction or death,
or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious™ LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between
"less serious” and "serious” effects. The distinction between "less serious” effects and "serious" effects is
considered to be important because it helps the users of the profiles to identify levels of exposure at which

major health effects start to appear. LOAELSs or NOAELSs should also help in determining whether or not



DINITROTOLUENES 36

3. HEALTH EFFECTS

the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAELS) or exposure levels below which no
adverse effects (NOAELS) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLSs.

The primary focus of this document is information on 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-DNT. However,
some information on technical-grade DNT (Tg-DNT) is also provided. Tg-DNT contains approximately
76% 2,4-DNT, 19% 2,6-DNT, and <5% 3,4-, 2,3-, and 2,5-DNT. For each route of exposure (inhalation,
oral, and dermal), human data will be discussed first. Available data for individual isomers (2,3-, 2,4-,
2,5-, 2,6-, 3,4-, and 3,5-DNT, in that order) will be presented followed by data for Tg-DNT. Studies
conducted in experimental animals will be discussed thereafter, with data on the individual isomers
preceding data for Tg-DNT.

3.2.1 Inhalation Exposure

Most of the data on health effects associated with exposure of humans to DNTSs are from studies of
workers exposed to 2,4-, 2,6-, or Tg-DNT. Exposure monitoring of workers in the past has generally
been inadequate; consequently, few dose-response data based on human exposure to DNT isomers are
available. No data were identified regarding inhalation exposure of humans to 2,3-, 2,5-, 3,4-, or
3,5-DNT. Regarding available animal data, one study was located that examined the acute inhalation
toxicity of 2,6-DNT in experimental animals. No studies were located regarding inhalation exposure to

2,3-, 2,5-, 3,4-, or 3,5-DNT in experimental animals.

Human exposure to chemicals in an occupational setting can occur via multiple routes: inhalation,
dermal, and inadvertent ingestion (Hamill et al. 1982). Although the low vapor pressure of DNTs makes

inhalation of vapors unlikely, it can occur when contaminated particulate material is in the air. In
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addition, some dermal exposure is probable, and some ingestion may also occur as the result of eating or

smoking without prior handwashing.

3.2.1.1 Death

In a retrospective cohort mortality study of 457 munitions workers who were exposed to either 2,4-DNT
or Tg-DNT at two geographically different U.S. manufacturing plants, significant increases in death rates
due to ischemic heart disease and residual diseases of the circulatory system were found (standardized
mortality ratios [SMRs] of 126 and 143; 95% confidence intervals [Cls] of 65-234 and 112-179,
respectively) (Levine et al. 1986a). Residual diseases of the circulatory system include congestive heart
failure, cardiac arrest, and arteriosclerosis. The workers had been exposed to unreported concentrations
of either 2,4-DNT (98% pure) or Tg-DNT for periods ranging from 30 days to >5 years (Levine et al.
1986a). Cigarette smoking was not taken into account in this study, but the study authors suggested that
it may not have been a risk factor because mortality from lung cancer was less than expected. Among
workers at both plants, there appeared to be a latency period of >15 years for a significant increase in
mortality due to ischemic heart disease. There also appeared to be a relationship between heart disease
and the intensity of exposure to DNTs. No statistical increase was found in death due to cancer, either
from malignant neoplasms as a whole or from individual cancers, although the statistical power of the

study was insufficient to detect anything but gross changes in the death rate due to cancer.

The Levine et al. (1986a) retrospective cohort mortality study was limited by small cohort size, and thus,
the study had diminished power to detect an effect. As a result, the finding of elevated mortality from
heart disease among workers in two plants from different parts of the United States linked only by
exposure to DNTSs is unusual. Workers in the United States generally have lower rates of heart disease
than the general population because of the "healthy worker effect.” At both plants, mortality from
ischemic heart disease during the first 15 years following cohort entry was less than expected, and
mortality increased only in later years. Suggestive, but not significant, is evidence of a relationship
between heart disease and duration and intensity of exposure, also reported by Levine et al. (1986a). No
studies were identified with respect to mortality after inhalation exposure of humans to 2,3-, 2,5-, 2,6-, or
3,5-DNT.

In an acute-duration study, no mortality was observed in male or female F344 rats (5/sex/group) exposed
nose-only to 2,6-DNT as a vapor at 26 mg/m? for 6 hours and observed 14 days after dosing (CMA 1991).
In the same study, groups of male and female rats exposed to 2,6-DNT at 0, 196, 473, or 694 mg/m? as an
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aerosol exhibited mortality at >196 mg/m®. Two of five males (and no females) died at 196 mg/m3; all
males and three of five females died at 694 mg/m3. Rats that died showed evidence of lung congestion
and had increased relative lung weights compared to controls. An LCso of 0.43 mg/L was identified in

rats, with LCso values for males and females of 0.24 and 0.66 mg/L, respectively.

No studies were located regarding death in animals after inhalation exposure to 2,3-, 2,4-, 2,5-, 3,4-, or
3,5-DNT.

3.2.1.2 Systemic Effects

No studies were located regarding dermal, ocular, endocrine, or body weight effects in humans or animals
after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT. No studies were located regarding
respiratory effects in humans after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT or in

animals after inhalation exposure to 2,3-, 2,4-, 2,5-, 3,4-, or 3,5-DNT.

Respiratory Effects. No studies were identified with respect to respiratory effects after inhalation
exposure of humans to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

In an acute-duration study, groups of male and female rats were exposed to 2,6-DNT at 0, 196, 473, or
694 mg/m? as an aerosol for 6 hours and observed 14 days after dosing (CMA 1991). Rats exposed to
2,6-DNT as an aerosol at >196 mg/m?® exhibited signs of respiratory distress (exaggerated respiratory
movements) for several days following exposure; recovery from this effect occurred by day 5 of the
observation period. Rats that died showed evidence of lung congestion and had increased relative lung

weights compared to controls.

No studies were identified with respect to respiratory effects after inhalation exposure of animals to 2,3-,
2,4-,2,5-, 3,4-, or 3,5-DNT.

Cardiovascular Effects. No studies were identified with respect to cardiovascular effects after
inhalation exposure of humans to 2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

Levine et al. (1986a) reported a significant increase in deaths from diseases of the circulatory system in
workers involved in the manufacture and processing of 2,4-DNT and/or Tg-DNT. The preponderance of

circulatory disease deaths was due to ischemic heart disease. The SMR was significantly elevated for
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ischemic heart disease when compared to the U.S. male population and to persons living in the area.
When workers were divided by exposure duration, the significant increase in cardiovascular deaths was
only observed in workers exposed for at least 5 months. Although the study did not control for cigarette
smoking, a known risk factor for heart disease, the investigators noted that the study did not find

significant increases in lung cancer or disease deaths.

No studies were located regarding cardiovascular effects in animals after inhalation exposure to 2,3-, 2,4-,
2,5-, 2,6-, 3,4-, or 3,5-DNT.

Gastrointestinal Effects. Vomiting and nausea were mentioned as health complaints in a survey of
male workers involved in the production of smokeless gunpowders during World War Il (McGee et al.

1947). The exposure concentrations of 2,4-DNT were not specified. The investigators noted that prior to
improving industrial hygiene practices, a much higher incidence of gastrointestinal symptoms was found.
Since exposure to other compounds cannot be ruled out, attribution of these symptoms to DNT cannot be

verified.

No studies were identified with respect to gastrointestinal effects after inhalation exposure of humans to
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNT. No studies were located regarding gastrointestinal effects in animals
after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

Hematological Effects. Several hematological effects, including anemia and cyanosis, were found in
male workers employed by a munitions factory during World War 1l (McGee et al. 1947). In some cases,
there were increases in leukocyte count, which may be related to prolonged exposure to DNT. The study
authors presumed that the exposure concentrations to 2,4-DNT were relatively high because of the
relatively primitive industrial hygiene practices at that time. Although 36 of 154 workers were anemic in
the earlier study and 73 of 714 workers were anemic in the follow-up study, no control groups were used
as a basis for comparison. Because of possible exposure to other compounds, lack of work histories, lack
of exposure monitoring, lack of a control population, and small cohort size, the results obtained are
equivocal and may be best used as qualitative descriptions of symptoms. Marked cyanosis and other
incapacitating symptoms were reported after exposure to unspecified concentrations of Tg-DNT in a
study of French workers in a DNT production plant during World War | (Perkins 1919). It is assumed
that workers were exposed to high concentrations of Tg-DNT via both inhalation and dermal pathways,
since the processes described involved direct handling of large amounts of Tg-DNT without protective

equipment.
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No studies were identified with respect to hematological effects after inhalation exposure of humans to
2,3-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

In an acute-duration study, male and female F344 rats (5/sex/group) were exposed to 2,6-DNT as a vapor
at 0 or 26 mg/m?® or as an aerosol at 0, 196, 473, or 694 mg/m? for 6 hours and observed 14 days after
dosing (CMA 1991). Blood was analyzed for serum methemoglobin concentration 24 hours prior to
dosing and 1, 24, and 48 hours and 7 days after dosing. Although the study authors noted slight increases
in serum methemoglobin in 2,6-DNT-exposed animals in the first 24 hours after exposure, these changes
were not clearly dose-related and were not statistically significantly different from control animals. No

other hematological end points were evaluated.

No studies were located regarding hematological effects in animals after inhalation exposure to 2,3-, 2,4-,
2,5-, 3,4-, or 3,5-DNT.

Musculoskeletal Effects. Joint pain, especially in the knees, and other incapacitating symptoms
were found in unspecified numbers of French workers in a plant that produced DNTs during World War |
(Perkins 1919). No exposure concentrations were reported, but it is assumed that they were high because
of the direct handling of large amounts of Tg-DNT without protective equipment, which also suggests
that the workers were exposed dermally. However, because exposure to other compounds cannot be ruled

out and no control data are available, caution must be used when interpreting these results.

No studies were located regarding musculoskeletal effects humans after inhalation exposure to 2,3-, 2,5-,
2,6-, 3,4-, or 3,5-DNT or in animals after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

Hepatic Effects. A study of 714 workers at a munitions plant found that 29 experienced liver
tenderness (McGee et al. 1947). Other factors, such as alcohol consumption, may account for these
results which should be viewed with caution because of the lack of control data, lack of information on
exposure concentrations, and possible multiple chemical exposure. Medical surveys of 52 male workers
exposed to Tg-DNT in a chemical plant that manufactured toluenediamine (TDA) revealed no differences
in hepatic blood chemistry profiles (NIOSH 1982). Air samples contained concentrations ranging from
0.026 to 0.890 mg/m® Tg-DNT (mean 0.207 mg/md).
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No studies were located regarding hepatic effects in humans after inhalation exposure to 2,3-, 2,5-, 2,6-,
3,4-, or 3,5-DNT, or in animals after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

Renal Effects. No effects were observed on either of the renal parameters (blood urea nitrogen
[BUN], creatinine) monitored in blood chemistry in a medical survey of 52 male workers exposed to
Tg-DNT in a chemical plant that manufactured TDA (NIOSH 1982). Exposure concentrations in air
samples taken for this study ranged from 0.026 to 0.890 mg/m® Tg-DNT (mean 0.207 mg/m?®). The study

was limited by a small exposure population and lack of historical individual exposure monitoring.

Evidence of tubular and/or glomerular damage (alterations in urinary protein excretion patterns) was
found among a cohort of approximately 160 workers at a copper mine exposed to Tg-DNT explosives
(Briining et al. 2001). Dividing the workers into exposure categories resulted in a significant dose-related
trend for the incidence of tubular and/or glomerular damage among the workers without renal cell cancer
or urothelial cancer. Approximately 80% of the 25 workers in the very high exposure category had
evidence of renal damage. Dose-related increases in the excretion of a1-microglobulins and glutathione-
S-transferase-a were also observed suggesting proximal tubule damage. The lack of effect on

glutathione-S-transferase-m levels suggested a lack of damage to the distal tubules.

No studies were located regarding renal effects in humans or animals after inhalation exposure to 2,3-,
2,4-,2,5-, 2,6-, 3,4-, or 3,5-DNT.

3.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals after
inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

3.2.1.4 Neurological Effects

Dizziness and headache were reported by Perkins (1919) in a study of French workers exposed to
Tg-DNT at a production plant during World War 1. Although no exposure concentrations were reported,
it is assumed that the workers were exposed to high concentrations of Tg-DNT via both inhalation and
dermal pathways, since the manufacturing processes required workers to handle large amounts of
Tg-DNT without protective equipment. Exposure to chemicals other than DNT in this environment could
not be ruled out. Health effects of munitions workers exposed to unspecified levels of what was

presumed to be 2,4-DNT were studied by McGee et al. (1947). Neurological signs reported by these
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workers included headache, dizziness, and pain, numbness, and tingling in the extremities. The 2,4-DNT
exposure concentrations were not specified, but were considered by these authors to be relatively high as

a result of the lack of safety practices.

No studies were located regarding neurological effects in humans after inhalation exposure to 2,3-, 2,5-,
2,6-, or 3,5-DNT or in animals after inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

3.2.1.5 Reproductive Effects

Studies of men occupationally exposed to Tg-DNT at DNT and TDA plants showed no significant
differences in sperm counts or morphology, follicle stimulating hormone (FSH) levels, or incidence of
miscarriage in their wives compared to controls (Hamill et al. 1982; NIOSH 1982). In the NIOSH (1982)
study, Tg-DNT concentrations ranged from 0.026 to 0.890 mg/m?® (mean 0.207 mg/m?). Interpretation of
these studies is somewhat confounded by the lack of distinction between DNT and TDA exposure and the
lack of information regarding exposure concentration in the Hamill et al. (1982) study. The limitations of
these studies are similar (small exposure populations and the lack of individual exposure monitoring) and

limit the ability of the studies to detect adverse effects.

No significant effects on the fertility of workers occupationally exposed to Tg-DNT have been found in
several studies (Hamill et al. 1982; Levine et al. 1985a; NIOSH 1982). However, Levine et al. (1985a)
estimate that only a 50-70% reduction in fertility could have been detected in the worker population that

they studied.

One study by the CDC (1981) noted that sperm counts were decreased by >50% in workers in a Kentucky
chemical plant exposed to DNTs and TDA compared to workers not exposed to these chemicals. The
study was limited because of multiple chemical exposures and the small numbers of workers examined.
Thirty workers participated in the study: 9 currently exposed, 12 previously exposed, and 9 with no
history of exposure to DNTS/TDA.

No studies were located regarding reproductive effects in humans or animals after inhalation exposure to
2,3-,2,4-,2,5-, 2,6-, 3,4-, or 3,5-DNT.
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3.2.1.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after inhalation exposure
to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

3.2.1.7 Cancer

The mortality of a cohort of 4,989 men who worked at least 5 months in a munitions facility was analyzed
to determine whether DNT exposure was associated with an increased risk of cancer of the liver and
biliary tract (Stayner et al. 1993). Workers were considered exposed if they had worked at least 1 day on
a job with probable exposure to DNT. In this study, a significant increase in hepatobiliary cancer
mortality (standard rate ratio [SRR]=3.88, 95% CI 1.04-14.41) was observed among DNT-exposed
workers compared to non-exposed control workers. However, no significant changes were noted when
compared to the U.S. population, the SRR for hepatobiliary cancer being 2.67 (95% CI 0.98-5.83;
p=0.052). No quantitative data were available on the DNT exposure of these men. This study is limited
by the small numbers of hepatobiliary cancer cases, small numbers of workers with long term exposure to
DNT, and possible exposure of the workers to other chemicals. However, no significant increases in
mortality from malignant neoplasms as a group or from particular cancers (liver, lung, gallbladder,
kidney, and connective tissues) were observed in workers occupationally exposed to 2,4-DNT and/or
Tg-DNT (Levine et al. 1986b). Exposures were not quantified and the cohort was small. The study
authors estimated that an 8-fold increase in liver and gallbladder cancer in exposed workers would be
necessary in order to be detected at the p=0.05 level; thus, the statistical analysis was not strong enough to

detect small increases in cancer.

Among 500 workers in an underground copper mine where Tg-DNT-containing explosives were
extensively used, increases, as compared to the German national cancer registry, in the incidence of renal
cell cancer and urothelial cancer incidence were observed (Briining et al. 1999). However, when the
workers were divided by exposure categories, no apparent relationship between renal cell cancer
incidence and exposure category was found. In contrast, four of the six workers with urothelial cancer
cases were in the high exposure group (one was in the lowest group and the other was in the highest
exposure group). The genotype distribution of several polymorphic xenobiotic enzymes, including
N-acetyltransferase 2 and glutathione-S-transferases M1 (GSTM1) and T1 (GSTT1), was examined in the
14 workers with renal cell cancer and 6 workers with urothelial cancer. The genotype distribution among
the renal cell cancer cases did not differ from the normal German population. Similarly, the distribution

of GSTM1 and GSTT1 genotypes for the urothelial cancer cases was similar to the German population.
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However, all of the urothelial cancer cases were found to be “slow acetylators” compared to a 58%

distribution in the German population.

Harth et al. (2005) reported three cases of urothelial carcinoma of the urinary bladder among 60 workers
exposed to Tg-DNT at a German explosive manufacturing facility. The investigators noted that this

cancer rate was 15.9 times higher than the expected incidence in the federal state.

Seidler et al. (2014a) examined the cancer incidence through 2005 in a cohort of 16,441 male copper
miners who worked between 1953 and 1990 in one of two German mines that used Tg-DNT explosives.
The mean duration of employment was 6.8 years. Compared with the cancer incidence in the general
population of the region in Germany where the mines were located (Saxony-Anhalt), the cancer
incidences in the miners were not significantly increased for any cancer other than lung cancer
(standardized incidence ratio [SIR] = 1.29, 95% CI 1.13-1.46). Moderate, but not statistically significant,
increases in the incidences of kidney and bladder cancer (SIRs of 1.25 and 1.41 for kidney and bladder
cancer, respectively, among workers with >20 years of employment with exposure to Tg-DNT) were seen
when the data were stratified by duration of employment with Tg-DNT exposure. A follow-up case-
cohort study of this group, with follow-up through 2006, compared the Tg-DNT exposure history (by job
exposure matrix) of 109 renal cancer cases with that of 999 randomly chosen cohort members (Seidler et
al. 2014b). The Cox proportional hazard ratio (HR) was elevated, but not significantly, for high
inhalation exposure to Tg-DNT (HR 1.36, 95% CI 0.84-2.21). When combined across medium and high
exposure categories for both dermal and inhalation exposure, the HR for renal cancer was significantly
increased (HR 2.12, 95% CI 1.03-4.37).

No studies were located regarding cancer in humans following inhalation exposure to 2,3-, 2,5-, 3,4-, or
3,5-DNT or in animals following inhalation exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-DNT.

3.2.2 Oral Exposure

No studies were located regarding health effects in humans following oral exposure to 2,3-, 2,4-, 2,5-,
2,6-, 3,4-, or 3,5-DNT. However, it is assumed that oral ingestion could be a secondary route for

occupationally exposed humans.

In one series of studies performed at the U.S. Army Public Health Command (Lent et al. 2012a;
USAPHC 20114, 2011b, 2011c, 2011d, 2011e, 2011f), groups of male Sprague-Dawley rats were
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administered one of the DNT isomers (2,3-DNT, 2,4-DNT, 2,5-DNT, 2,6-DNT, 3,4-DNT, or 3,5-DNT)
by gavage in corn oil vehicle for 14 days at doses ranging from 1/128" or 1/64" of the reported LDso
value to 1/4 or 1/2 LDso. The observed isomer-specific differences in hematological, hepatic, renal,
neurological, and reproductive effects are discussed at the end of each corresponding subsection of
Section 3.2.2.

3.2.2.1 Death

No studies were located regarding death in humans after oral exposure to 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or
3,5-DNT.

2,4-DNT is lethal to experimental animals after oral administration. Animals generally developed
cyanosis and ataxia after dosing. In general, rats are more sensitive than mice to the lethal effects of
2,4-DNT. The LDso values that have been determined for rats after gavage dosing with 2,4-DNT range
from 270 to 650 mg/kg (U.S. Army 1975, 1978a; Vernot et al. 1977); in mice, LDso values were reported
to be between 1,340 and 1,954 mg/kg after 2,4-DNT administration (U.S. Army 1975, 1978a; Vernot et
al. 1977). In female Sprague-Dawley rats (5/group) administered a single dose of 2,4-DNT (in 5% v/v
DMSO in corn oil) via gavage at 398 mg/kg and observed for 24 or 48 hours after dosing, two of five
animals and one of five animals died within 24 and 48 hours, respectively (Deng et al. 2011). No deaths
occurred in rats administered 2,4-DNT at 5, 50, 99, or 198 mg/kg. In a dominant lethal study by Lane et
al. (1985), 8 of 15 male Sprague-Dawley rats died after receiving five daily doses of 240 mg/kg 2,4-DNT.
No deaths were reported when male and female Sprague-Dawley rats were fed 78 or 82 mg/kg/day
2,4-DNT, respectively, in the diet for 14 days (McGown et al. 1983). When male Sprague-Dawley rats
were given gavage doses of 284 mg/kg/day for 14 days, all six exposed rats died (Lent et al. 2012a;
USAPHC 2011b).

Death has been reported after intermediate- and chronic-duration exposure to 2,4-DNT in numerous
studies. One of eight male and eight of eight female CD rats died after 3—-13 weeks of ingesting 2,4-DNT
in the diet (Lee et al. 1985; U.S. Army 1978b). Concentrations in the feed causing these deaths were
equivalent to doses of 93 and 145 mg/kg/day in males and females, respectively. Death has also been
reported in rodents fed concentrations equivalent to doses of 371-413 mg/kg 2,4-DNT in the diet for up
to 6 months (Hong et al. 1985; Kozuka et al. 1979; U.S. Army 1978b). No treatment-related deaths were
reported in rats fed up to 16.5 mg/kg/day 2,4-DNT or mice fed up to 28.5 mg/kg/day 2,4-DNT for

4 weeks, or in rats fed up to 22 mg/kg/day 2,4-DNT or mice fed up to 76 mg/kg/day 2,4-DNT for
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78 weeks (NCI 1978). In a 3-generation reproductive study, there appeared to be an increased incidence
of death among Fo dams during parturition after receiving 45.3 mg/kg/day 2,4-DNT in the diet for

6 months (U.S. Army 1979). These deaths were associated with prolonged parturition, hemorrhage, and
placental retention. However, because these effects were also seen to a lesser extent in control animals, it
may be that the effects of 2,4-DNT simply enhanced effects caused by the advancing age of the dams
(U.S. Army 1979).

In a 13-week study, some dogs fed 25 mg/kg/day became moribund after >22 days and had to be
terminated, whereas no treatment-related deaths were reported in dogs fed 5 mg/kg/day (Ellis et al. 1985;
U.S. Army 1978b). In addition to severe weight loss, severe neurological effects and histopathological
changes were found in these animals, including vacuolization and focal gliosis in the cerebellum and
perivascular hemorrhages in the cerebellum and brain stem, as well as peripheral neuropathy, testicular
degeneration, and biliary hyperplasia. In a 24-month study of dogs, the administration of 10 mg/kg/day
2,4-DNT by capsule caused death within 6 months, but no deaths were reported at 1.5 mg/kg/day; clinical
signs prior to death were similar to those reported in the 13-week study (Ellis et al. 1985; U.S. Army
1979). Decreased longevity was reported in 1-2-year studies of CD rats at average daily intakes as low as
3.9 mg/kg/day (males) and 5.1 mg/kg/day (females), and of CD-1 mice at 898 mg/kg/day (Hong et al.
1985; Lee et al. 1985; U.S. Army 1978b, 1979).

The experimental data are more limited for 2,6-DNT than for 2,4-DNT. After administration of 2,6-DNT,
LDsg values have been reported to range from 180 to 795 mg/kg in rats and from 621 to 807 mg/kg in
mice (U.S. Army 1975, 1978a; Vernot et al. 1977). Complete lethality was reported in female Sprague-
Dawley rats (5/group) administered a single dose of 2,6-DNT via gavage (in 5% v/v DMSO in corn oil) at
398 mg/kg (Deng et al. 2011). No deaths occurred in animals administered 5-199 mg/kg and observed
for 2 days after dosing. Mortality was reported in a dose-range finding study of male rats given oral doses
of 200 mg/kg/day 2,6-DNT in corn oil for 3 days; no rats died at 100 mg/kg/day (Rothfuss et al. 2010).
The maximum tolerated dose (MTD) of 2,6-DNT corresponding to 100% survival of A/J mice after

6 doses over a 2-week period was 250 mg/kg (Schut et al. 1983). No male Sprague-Dawley rats died
when groups of six rats were given 14 consecutive daily gavage doses up to 134 mg/kg/day 2,6-DNT
(Lent et al. 2012a; USAPHC 2011d).

All six male rats exposed to oral doses of 33 mg/kg/day 2,6-DNT in corn oil for 29 consecutive days
survived the treatment (Rothfuss et al. 2010). Intermediate-duration studies have shown an increase in

mortality of mice and dogs after 2,6-DNT administration. After feeding 51 mg/kg/day 2,6-DNT to male
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3. HEALTH EFFECTS

Swiss albino mice in the diet for up to 13 weeks, 8 of 16 of these animals died; 6 of 16 females fed

55 mg/kg/day 2,6-DNT also died (U.S. Army 1976). No treatment-related deaths were reported when rats
were fed up to 155 mg/kg/day 2,6-DNT for the same duration (U.S. Army 1976). Two of eight dogs
treated with 20 mg/kg 2,6-DNT by capsule died in a 13-week study (U.S. Army 1976). Thus, dogs seem

to be the most sensitive of the three species to intermediate-duration oral 2,6-DNT exposure.

Vernot et al. (1977) reported LDso values for 2,3- DNT of 1,120 mg/kg/day in male Sprague-Dawley rats
and 1,070 mg/kg/day in male CF-1 mice. No cause of death or additional information was reported.
Exposure to 550 mg/kg/day 2,3-DNT via gavage for 14 days resulted in the deaths of 6/6 male Sprague-
Dawley rats; no deaths occurred at doses of <275 mg/kg/day (Lent et al. 2012a; USAPHC 2011a).

For 2,5-DNT, LDsp values of 710 and 1,230 mg/kg/day, respectively, were reported in male Sprague-
Dawley rats and male CF-1 mice (Vernot et al. 1977); no additional information was provided. One rat in
a group of six male Sprague-Dawley rats died after 14 consecutive daily gavage doses of 308 mg/kg/day
2,5-DNT (Lent et al. 2012a; USAPHC 2011c¢).

Lent et al. (2012a; USAPHC 2011e, 2011f) provide the only acute-duration lethality data for 3,4- and
3,5-DNT. When groups of six male Sprague-Dawley rats received gavage doses of 3,4-DNT up to

227 mg/kg/day for 14 days, there were no deaths. In contrast, 3,5-DNT was lethal to 1/6 rats at a dose of
39 mg/kg/day and to all rats at doses of 77 and 155 mg/kg/day.

Administration of up to 150 mg/kg/day Tg-DNT for 14 days was lethal to 6 of 13 pregnant F344 rats
when administered by gavage during gestation (Jones-Price et al. 1982), yet this same concentration of
Tg-DNT fed in the diet for 30 days did not kill any of the same strain of rats in another study (Hazleton
Laboratories 1977). Decreased survival was found in CDF rats fed 35 mg/kg/day Tg-DNT for 52 weeks
or 14 mg/kg/day Tg-DNT for 104 weeks (Hazleton Laboratories 1982).

All LOAEL values from each reliable study for death in each species and duration category for 2,3-,
2,4-DNT, 2,5-, 2,6-, 3,4-, and 3,5-DNT are recorded in Tables 3-1, 3-2, 3-3, 3-4, 3-5, and 3-6,
respectively, and plotted in Figures 3-1, 3-2, 3-3, 3-4, 3-5, and 3-6, respectively.



Table 3-1 Levels of Significant Exposure to 2,3-Dinitrotoluene - Oral

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
ACUTE EXPOSURE
Death
! Rat 1 x/d 550 M (6/6 died) Lent et al. 2012a
(Sprague- 14d 2,3-DNT
Dawley) (G) "~
2 ?Sat (()Gn;:e 1120 M (LD50) Vernot et al. 1977
prague-
Dawley) 2,3-DNT
3 Mouse once 1070 M (LD50) Vernot et al. 1977
(CF1) ©) 2,3-DNT
Systemic
4 Rat 14)—(/5] Cardio 275 M Lent et al. 2012a
(Sprague- 2,3-DNT
Dawley) (G) "~
b
Hemato 275 M (extramedullary
hematopoiesis and
lymphoid hyperplasia of
spleen, lymphoid
depletion)
Hepatic 275 M
Renal 275 M (trace tubular dilatation
and lymphocytic
infiltration)
Bd Wt 275 M
Neurological
5 Rat 1xd 275 M Lent et al. 2012a
(Sprague-  14d 2,3-DNT
Dawley) (G) ~
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Table 3-1 Levels of Significant Exposure to 2,3-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(‘;qouu‘?e‘;y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
Reproductive
6 Rat 1 x/d 275 M Lent et al. 2012a No effects on testes or
(Sprague-  14d > 3.DNT epididymides weight or
Dawley) G) i histopathology.

a The number corresponds to entries in Figure 3-1.

b Used to derive an acute-duration oral minimal risk level (MRL) of 0.09 mg/kg/day; the MRL was derived by dividing the LOAEL of 275 mg/kg/day by an uncertainty factor of 3000
(10 for use of a LOAEL, 10 for animal-to-human extrapolation, 10 for human variability, and 3 for database limitations).

Bd Wt = body weight; Cardio = cardiovascular; d = day(s); (G) = gavage; Hemato = hematological; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level; M =
male; NOAEL = no-observed-adverse-effect level; x = time(s)
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Figure 3-1 Levels of Significant Exposure to 2,3-Dinitrotoluene - Oral
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

Exposure/
Duration/
Frequency

a .
Key to Species (Route)

Figure (Strain)

Chemical Form Comments

LOAEL
NOAEL Less Serious Serious Reference
System (mg/kg/day) (mg/kg/day) (mg/kg/day)

ACUTE EXPOSURE
Death

1 Rat 5d
(Sprague-  1x/d
Dawley) (GO)

2 Rat 1 x/d
(Sprague- 14d
Dawley) (G)

3 Rat once
(CD) (GO)

4 Rat once
(Sprague- (G)
Dawley)

5 Mouse once

(Swiss albino) (GO)

6 Mouse once
(CF-1) (G)

240 M (8/15 died)

284 M (6/6 died)

568 M (LD50)

650 F (LD50)

270 M (LD50)

1954 M (LD50)

1340 F (LD50)

1630 M (LD50)

Lane et al. 1985
2,4-DNT

Lent et al. 2012a
2,4-DNT

U.S. Army 1975; U.S. Army
1978a

2,4-DNT

Vernot et al. 1977
2,4-DNT

U.S. Army 1975
2,4-DNT

Vernot et al. 1977
2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
9 System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
Systemic
7 Rat once Hepatic 50 F 99 F Significantly decreased Deng et al. 2011 The NOAEL for renal
(Sprague- (GO) levels of serum albumin 2.4-DNT effects is based on the
Dawley) (13% lower than controls) %?/Se?;‘%? grfezlftfii(i:rt\z %r:
urea in the serum.
Renal 398 F
Bd Wt 198 F 398 F Decreased body weight
gain (1 to 4 g compared
to 17 g for controls)
8 Rat ? d/d Hemato 60 M (slight cyanosis) Lane et al. 1985
(Sprague- X 2.4-DNT
Dawley) (GO) o
Bd Wt 180 M 240 M (weight loss)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(aqouu?e‘;y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
9 Rat 1 x/d Cardio 142 M Lent et al. 2012a
(Sprague-  14d
prag 2,4-DNT
Dawley) (G) !
Hemato 36 M 71 M (mild to moderate
extramedullary
hematopoiesis of the
spleen)
Hepatic 18 M 36 M (trace-to-mild single cell
necrosis and glycogen
deposition)
Renal 142 M
Bd Wt 71M 142 M (terminal Bd Wt 12%

lower than control)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
10 Rat 14 d Resp 260.9 M McGown et al. 1983
(Sprague-  adlib
prag 2,4-DNT
Dawley) 272.7F ’
Cardio 260.9 M
272.7F
Gastro 260.9 M
272.7F
Hepatic 78.3 M (increased alanine
aminotransferase and
cholesterol)
81.8 F (increased cholesterol)
Renal 78.3 M (hyaline droplet
formation)
81.8 F (hyaline droplet
formation)
Dermal 260.9 M
272.7F
Ocular 260.9 M
272.7F
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Fr(%qouuire];:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
11 Mouse 14 days Hemato 134 F Wilbanks et al. 2014 No change in
(c57BL/6N)  daily 2 4-DNT hematocrit, reticulocyte
(G) o percent, or relative
spleen weight.
Musc/skel 134 F (swim-to-exhaustion time
decreased by 82%
relative to controls)
Bd Wt 134 F (2.7-fold greater body
weight loss than control)
Immuno/ Lymphoret
12 Rat 14(.1 2609 M McGown et al. 1983
(Sprague-  ad b 2,4-DNT
Dawley) 272.7F ’
Neurological
13 Rat 1 x/d 142 M Lent et al. 2012a
(Sprague- 14 d 2,4-DNT
Dawley) (G) o
b .
14 Dog izx;ij 5 25  (incoordination, stiffness, Ellis etal. 1985; U.S. Army
(Beagle) c abnormal gait) 1978b
© 2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
Reproductive
15 Rat i d/d 60 M 180 M (decreased fertility) Lane et al. 1985
(Sprague- X 2,4-DNT
Dawley) (GO) o
16 Rat ié‘i(/c? 71M 142 M (decreased absolute and Lentetal. 2012a
(Sprague- relative testes weight and 2,4-DNT
Dawley) ©) decreased absolute
epididymis weight;
tubular degeneration,
multinucleated giant cell
formation, and interstitial
atrophy of the testes)
17 Rat ;g :ijb 78.3 M (decreased thickness of McGown et al. 1983
(Sprague- spermatogenic sperm 2 4-DNT
Dawley) layers) '
18 Mouse 2d 250 M (decreased fertility) Soares and Lock 1980
DBA/2) 1 x/d 2,4-DNT
G) '
INTERMEDIATE EXPOSURE
Death
19 (Rat ) ome 371 M (71% died) Kozuka et al. 1979
Wistar
F) 2,4-DNT
20 Rat 4 or 13 wk .
D) ad lib 93 M (1/8 died) Lee et al. 1985

F

145 F (8/8 died)

2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Fr(%qouu(ire\;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
21 Rat 2d0|rit? mo 453 F (increased incidence of ~ U.S. Army 1979
(CD) ® death during parturition) 2 4-pNT
22 Mouse 4 or 13 wk 413 (2/16M, 2/16F died) Hong et al. 1985; U.S. Army
(CD-1) ad lib 1978b
Q) 2,4-DNT
23 Dog 4 or 13 wk 25  (5/8 died) Ellis et al. 1985; U.S. Army
(Beagle) 1 x/d 1978b
© 2,4-DNT
24 Dog 6 mo 10 M (4/6 died) U.S. Army 1979, Ellis et al.
(Beagle) 1xd 1985
© 2,4-DNT
Systemic
25 ?Sa;rague 3 Bd Wt 767M  156.4 M (10% decrease body Bloch et al. 1988
B weight .
Dawley)  (F) ght) 2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species  'reauency NOAEL Less Serious Serious Reference
. : (Route) :
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
26 R\);Ilt X 2drr|1ict>) Hemato 371 M (increased Kozuka et al. 1979
(Wistar) ® methemoglobin) 2,4-DNT
Hepatic 371 M (increased relative liver
weight; increased SGOT,
LDH, alkaline
phosphatase, acid
phosphatase,
triglycerides, glucose;
formation of puruloid
matter)
Renal 371 M
Bd Wt 371 M (41% decrease body
weight)
21 Rat 6 or 26 wk Bd Wt 27 M (11% decrease body Leonard et al. 1987

(Fischer- 344) ad lib

F

weight)

2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(aqouu?e‘;y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
28 Rat idolribls wk Hemato 34 M 93 M (reticulocytosis; 266 M (anemia) U.S. Army 1978b, Lee et al.
(CD) hemosiderosis) 1985
F 38F 145 F (anemia) 2,4-DNT
108 F (reticulocytosis;
hemosiderosis)
Hepatic 266 M
145 F
Renal 266 M
145 F
Bd Wt 34 M (75% decrease body
weight gain with
decreased food
consumption)
38 F (94% decrease body
weight gain with
decreased food
consumption)
29 Rat 2d0|rit? mo Bd Wt 34.5 M (23-25% decrease in U.S. Army 1979
(CD) body weight)

45.3 F (10-23% decrease in
body weight)

2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
30  Mouse 2003V Hemato 137M  413M Hong et al. 1985; U.S. Army
(CD-1) 1978b
(F) 147 F 468 F (mild anemia, 2,4-DNT
reticulocytosis)
Hepatic 47 M 137 M
147 F 468 F (mild hepatocellular
dysplasia)
Renal 413 M
468 F
Bd Wt 413 M

468 F (body weight loss with
decreased food
consumption)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Fi Strai (Route) .
igure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
31 Dog ‘11 z,rdle’ wk Hemato 5 25  (anemia, Heinz bodies)  Ellis et al. 1985; U.S. Army
(Beagle) 1978b
© 2,4-DNT
Hepatic 25
Renal 25
32 Dog 2 Q}g Hemato 1.5M 10 M (increased Heinz bodies U.S. Army 1979, Ellis et al.
(Beagle) © and methemoglobin) 1985
15F 2,4-DNT
C
0.2F 10 F (decreased erythrocyte
count, hemoglobin, and
hematocrit; increased
reticulocytes and Heinz
bodies)
1.5 F (increased
methemoglobin)
Immuno/ Lymphoret
33 Ra't 6dm|% 371 M (increased relative Kozuka et al. 1979
(Wistar) ad spleen weight)
) 2,4-DNT
34 Dog ‘1‘ o d13 wk 25 Ellis et al. 1985: U.S. Army
(Beagle) X 1978b
© 2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Frequency NOAEL Less Serious Serious Reference
Figure (Strain) (Route) i
9 System  (mg/kg/day) (mg/kg/day) (mg/kg/day) Chemical Form Comments
Neurological
35 RaF 2;;% 347 M (humpback Kozuka et al. 1979
(Wistar) ® incoordination) 2.4-DNT
36 Rat :dolrit? wk 34 M 93 M U.S. Army 1978b, Lee et al.
(CD) 1985
(F) 108 F 145 F (demyelination of 2,4-DNT
cerebellum and brain
stem; widespread and
stiff-legged gait)
37 Mouse 4d0Ir'l}3 wk 413 M Hong et al. 1985; U.S. Army
(CD-1) ad i 1978b
) 468 F 2,4-DNT
38 Dog ?g;dls wk 5 25 (incoordination, abnormal Ellis et al. 1985; U.S. Army
(Beagle) o gait, paralysis) 1978b
© 2,4-DNT
Reproductive
39 Rat 2(;/\/'li<b 76.7 M (multinucleated 153.4 M (extensive degeneration Bloch et al. 1988
(Sprague- spermatids, mild of spermatids and 2.4-DNT
Dawley) (F) irregularity of basal spermatocytes;
lamina, vacuolation and ultrastructural changes in
lipid accumulation in Sertoli cells; 63%
Sertoli cells) decrease sperm count)
40 Ra_t 6dm|% 371 M (testicular atrophy) Kozuka et al. 1979
(Wistar) adl
7 2,4-DNT
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Ff(aqouu‘i’e‘fy NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
41 Rat 13 ]’-‘{)k 9.3 M 93 M (decreased fertility) U.S. Army 1978b, Lee et al.
(CD) adt 1985
F) 2,4-DNT
42 Rat 4d0|r_ b13 wk 34 M 93 M (severe decrease in U.S. Army 1978b, Lee et al.
(CD) ad i spermatogenesis) 1985
)
2,4-DNT
43 (Rc"“é) 2d°|ris mo 345M U.S. Army 1979
F N 2,4-DNT
(F) 45.3 F (decreased fertility;
difficult parturition)
44 Rat gdolrit? mo 345M 45 M (decreased fertility; U.S. Army 1979
(CD) severe 2,4-DNT
(F) atrophy/degeneration of
seminiferous tubules)
45 Mouse gdolriblS wk 137 M 413 M (mild degeneration of Hong et al. 1985; U.S. Army
(CD-1) seminiferous tubules) 1978b
) 468 F 2,4-DNT
46 Mou.se 4wk 295 M 1032 M (decreased fertility index) U.S. Army 1978b
(albino- © 2 4-DNT
Swiss) o
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
47 Dog ‘11 g/rd13 wk 5M 25 M (testicular degeneration, Ellis et al. 1985; U.S. Army
(Beagle) decreased 1978b
©) 25F spermatogenesis) 2,4-DNT
Developmental
48 Ra Sorome 51F 453 F (difficult parturition) U.S. Army 1979
(CD) adli 2,4-DNT
7 ’
CHRONIC EXPOSURE
Death
49  Rat ;;jzlﬁt’)f 3.9M U.S. Army 1978b; U.S. Army
(CD) 1979; Lee et al. 1985
Q] 5.1 F (decreased survival) 2,4-DNT
50 Mouse 23 F?)O 898  (decreased survival) U.S. Army 1979; Hong et al.
(CD-1) adli 1985
Q] 2,4-DNT
Systemic
51 Rét 55 :/_\E)k Hepatic 27 M (hepatocellular Leonard et al. 1987
(Fischer- 344) ad I degeneration and
F atio y 2,4-DNT
( vacuolation; basophilic
and acidophilic foci of
cellular alteration)
Bd Wt 27 M (25% body weight

decrease)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key 6 Species F’(aqouu?e‘;y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
52 Rat 78 wk
(Fischer- 344) ad lib Bd wt 8M 20M NC1 1978
E 2,4-DNT
F 88F 22 F (25% decrease body
weight)
53 Rat ;12"{; Hemato 0.6 M 3.9 M (decreased RBC count) 34.5 M (anemia) U.S. Army 1978b, 1979; Lee et
(CD) al. 1985
) 51F 453 F (anemia) 2. 4-DNT
Renal 345M
453 F
Bd Wt 39M 34.5 M (30% decrease body
weight with decreased
51F food consumption)
45.3 F (27% decrease body
weight with decreased
food consumption)
54 Mouse Zlg m)k Bd Wit 14.4 M 72 M (18% decrease in body 76 F (24% decrease in body =~ NCI 1978
(C57BL/6N) weight gain) weight gain) 2,4-DNT

(]

15.2 F (11% decrease in body
weight gain)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Fr(?zqouuire];:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
M 24 . . . .
55 ouse ad HE)O Hemato 95 898  (anemia; reticulocytosis; U.S. Army 1979; Hong et al.
(CD-1) c Heinz bodies) 1985
(F) 2,4-DNT
Hepatic 95 F 14 M (hepatocellular dysplasia)
898 F (hepatocellular dysplasia)
Renal 14 M (cystic dysplasia; toxic
nephropathy)
Bd Wt 14 M 95 M (16% decrease in body 898 F (20% decrease in body
weight) weight)
95F
56 Dog 24 mo . ) .
1 %/d Hemato 0.2 1.5 (methemoglobinemia, U.S. Army 1979, Ellis et al.
(Beagle) o anemia) 1985
© 2,4-DNT
Hepatic 15 10 Biliary hyperplasia
Renal 10
d .
57 Dog iZX/rgo Hemato 0.2 F (increased reticulocytes) U.S. Army 1979, Ellis et al.
(Beagle) 1985
© 2,4-DNT
Neurological
58 Rat ;;jz")[l)r 34.5 M (wide-spread and US Army 1978b, 1979; Lee et
(CD) c stiff-legged gait) al. 1985
F) 2,4-DNT

45.3 F (wide-spread and
stiff-legged gait)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral

(continued)

Exposure/ LOAEL
Duration/
Key & Species Fr(%qouu(ire\;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
59 Mouse 24 mo i i U.S. Army 1979; Hong et al
ad lib 95 898 (stlff-legge_d gait, .. y ; g .
(CD-1) hyperactivity) 1985
2,4-DNT
60 DOg i“)’(/rgo 0.2 1.5 (lOSS of hindquarter U.s. Army 1979, Ellis et al.
(Beagle) o control, convulsions) 1985
©) 2,4-DNT
Reproductive
61  Rat o 39M 345 M Atophy of seminiferous U.S. Army 1978b, 1979; Lee et
(CD) tubules, al. 1985
(F) aspermatogenesis 2 4-DNT
(CD) ad i 1979; Lee et al. 1985
(F) 2,4-DNT
63 Mouse sg Irirtl)o o5 F 14 M (decreased U.S. Army 1979; Hong et al.
(CD-1) spermatogenesis and 1985
degenerative change; 2,4-DNT

testicular atrophy)

898 F (ovarian atrophy;
nonfunctioning follicles)
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Table 3-2 Levels of Significant Exposure to 2,4-Dinitrotoluene - Oral (continued)

Exposure/ LOAEL
Duration/
Key 6 Species Fr(%qouuetg;:y NOAEL Less Serious Serious Reference
Figure (Strain) System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Chemical Form Comments
64 Dog i‘;/’go 10 M U.S. Army 1979, Ellis et al.
(Beagle) 