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Since the publication of the last documentation in 1988 (documentation “2,4,6-Tri-
nitrotoluene (and isomers in technical mixtures)” 1990) new data for the genotoxi-
city and carcinogenicity of 2,4,6-trinitrotoluene are available which make re-evalua-
tion necessary.

On the basis of the data available in 1988, a decision could not be made regarding
the carcinogenicity of 2,4,6-trinitrotoluene, as there were no investigations available
of its carcinogenicity in humans or animals.

The literature published up to 1996 on epidemiology and genotoxicity has been dis-
cussed extensively in the evaluations of the IARC (1996) and ATSDR (1995). How-
ever, no adequate carcinogenicity studies in animals were available to the IARC. The
ATSDR quotes two carcinogenicity studies conducted by the US Army in 1984, which
are also available to the Commission. Furthermore, a review has been published by
Bolt et al. (2006); this has been included in the re-evaluation by the Commission.

Mechanism of Action

The mechanism by which 2,4,6-trinitrotoluene and its metabolites produce toxic
effects in a large number of organs (see also documentation “2,4,6-Trinitrotoluene
(and isomers in technical mixtures)” 1990), is not yet fully understood. It is, how-
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ever, assumed that the formation of reactive oxygen species induces lipid peroxida-
tion in the liver and the formation of cataracts in the lens of the eye (2,4,6-trinitro-
toluene cataract) (ATSDR 1995).

The mechanism for the formation of methaemoglobin by 2,4,6-trinitrotoluene is
assumed to be the reduction of the nitro compounds via the nitroso compound and
the hydroxylamine to form the amine after absorption into the organism. A redox
cycle between the hydroxylamine and the nitroso compound takes place, which is
responsible for the co-oxidation of bivalent iron in haemoglobin, that is for the for-
mation of methaemoglobin.

In vitro investigations of the urine of workers exposed to 2,4,6-trinitrotoluene
showed there to be a correlation between the mutagenic effects in bacteria and the
concentration of 2,4,6-trinitrotoluene and its metabolite 4-amino-2,6-dinitroto-
luene in urine (Ahlborg et al. 1985, 1988 a; see the Section “Genotoxicity”).

The two main metabolites of 2,4,6-trinitrotoluene in humans, 4-amino-2,6-dini-
trotoluene and 2-amino-4,6-dinitrotoluene, are mutagenic in Salmonella typhimur-
ium in concentration ranges such as those occurring in the urine of workers ex-
posed to 2,4,6-trinitrotoluene concentrations of <0.01 to 2.53 mg/m?3 (Bolt et al.
2006; see also Table 3 in the Section “Genotoxicity”).

In rat liver microsomes, 14C-2,4,6-trinitrotoluene was rapidly converted in the pre-
sence of an NADPH-generating system to 4-hydroxylamino-2,6-dinitrotoluene, 4-
amino-2,6-dinitrotoluene and 2-amino-4,6-dinitrotoluene, and further to 2,4-diami-
no-6-nitrotoluene and 2,6-diamino-4-nitrotoluene. As the formation of covalent pro-
tein adducts increased with time, the authors assumed that the reactive metabolite
had to be produced from a proximal metabolite, for example 4-hydroxyl-amino-2,6-
dinitrotoluene. This theory was supported by the observation that the incubation of
14C-4-hydroxylamino-2,6-dinitrotoluene with liver microsomes produced an increase
in protein adducts. In addition, under aerobic conditions, higher protein adduct levels
were determined than under anaerobic conditions, which indicates the reactive meta-
bolite is formed via oxidative metabolism, for example the oxidation of 4-hydroxyla-
mino-2,6-dinitrotoluene to form 4-nitroso-2,6-dinitrotoluene. The initial reduction
of the nitro groups of 2,4,6-trinitrotoluene can be catalyzed by the NADPH-cyto-
chrome P450 reductase alone, following which cytochrome P450 enzymes are re-
quired to reduce the hydroxylamine further to the amine (Bolt et al. 2006).

Apart from this, it may be assumed that the nitroso intermediate binds to sulfhy-
dryl groups of proteins. This bioactivation occurs in the liver presumably via oxida-
tion of the hydroxylamine by NADPH-dependent hepatic microsomal enzymes
(Leung et al. 1995).

In another in vitro study, the formation of an adduct with the prosthetic haem group
of human haemoglobin under anaerobic and reductive conditions was shown; which
was generated by the addition of sodium hydrogen sulfide (Bakhtiar et al. 1997).

In an animal study, after single intraperitoneal injections of 1*C-2,4,6-trinitroto-
luene doses of up to 50 mg/kg body weight, dose-dependent covalent binding to
globin, plasma protein and proteins of the liver and kidneys was demonstrated in
rats (Liu et al. 1992).
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The binding of 2,4,6-trinitrotoluene and its metabolites 2,4-dinitrotoluene and
2,6-dinitrotoluene, 2-amino-4-nitrotoluene, 4-amino-2-nitrotoluene, 2,4-diamino-
toluene and 2,6-diaminotoluene to haemoglobin was investigated 24 hours after
female Wistar rats were given single oral doses of each test substance of 0.5 mmol/
kg body weight. The haemoglobin binding index (HBI = [mmol/mol Hb]/[mmol/
kg]) was between <0.02 and 6.0. The highest HBI value was observed after the ad-
ministration of 2,4,6-trinitrotoluene; the hydrolysis product was 4-amino-2,6-dini-
trotoluene (Zwirner-Baier et al. 1994).

In biological monitoring studies, the increased formation of haemoglobin ad-
ducts, compared with the levels in control persons, was found also in inhabitants of
properties erected on ground contaminated with 2,4,6-trinitrotoluene from former
munition factories. The contaminated ground in the area around one of these for-
mer factories was found to contain mainly 2,4,6-trinitrotoluene, 2,4-dinitrotoluene,
4-amino-2,6-dinitrotoluene, 2-amino-4,6-dinitrotoluene and 2,6-dinitrotoluene.
The analysis of blood samples from 34 potentially exposed persons showed haemo-
globin adducts to be slightly increased compared with the levels in 34 control per-
sons only with 4-amino-2,6-dinitrotoluene (Neumann et al. 1995 a, b).

In a study with 117 workers exposed to 2,4,6-trinitrotoluene, the adduct concen-
tration was 115 to 1106 ng per gram haemoglobin and correlated well (r=0.88—
0.89) with the external exposure to 2,4,6-trinitrotoluene (70-355 mg/worker in an
8-hour shift), which was calculated from the inhaled air and skin contamination
(Liu et al. 1995).

The haemoglobin adducts of another 50 workers exposed to 2,4,6-trinitrotoluene
correlated with the concentrations of 4-amino-2,6-dinitrotoluene and 2-amino-4,6-
dinitrotoluene in urine, which were also the main metabolites of 2,4,6-trinitroto-
luene eliminated in this study. The adduct levels were between 3.7 and 522 ng
4-amino-2,6-dinitrotoluene and 0 and 14.7 ng 2-amino-4,6-dinitrotoluene per gram
haemoglobin. No adducts were detected in control persons (Sabbioni et al. 1996).

Subsequent investigations with workers exposed to 2,4,6-trinitrotoluene con-
firmed the increased formation of haemoglobin adducts with 4-amino-2,6-dinitro-
toluene (Hagmann et al. 2004; Jones et al. 2005 b; Sabbioni et al. 2005, 2006).

In two workers employed in the ground storage unit of a former munitions site,
and in 45 inhabitants of properties erected on ground contaminated with 2,4,6-tri-
nitrotoluene at the same site, haemoglobin adducts were detected, although they
were not significantly increased compared with the levels in 48 control persons.
Widespread background contamination was concluded from this. No details were
given of the level of possible exposure to 2,4,6-trinitrotoluene (Ewers et al. 2000).

Toxicokinetics and Metabolism

A comparison of the distribution of 2,4,6-trinitrotoluene in the species rat, mouse,
dog and rabbit, revealed the target organs to be the same (blood, liver, spleen, kid-
neys and gastrointestinal tract), although there are differences between the species
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as regards metabolism and elimination. These were described as primarily quantita-
tive (ATSDR 1995).

Absorption, distribution, elimination

In humans, 2,4,6-trinitrotoluene is rapidly absorbed through the skin and from the
gastrointestinal tract, but presumably also from the lungs (documentation “2,4,6-
Trinitrotoluene (and isomers in technical mixtures)” 1990; ATSDR 1995; IARC
1996). In the rat, 2,4,6-trinitrotoluene after oral administration is found mainly in
the liver and kidneys. After intravenous, intraperitoneal or percutaneous injection
it is distributed throughout the whole body (documentation “2,4,6-Trinitrotoluene
(and isomers in technical mixtures)” 1990).

In animals, 2,4,6-trinitrotoluene or its metabolites are primarily eliminated with
the urine and, in smaller quantities, with the faeces (documentation “2,4,6-Trinitro-
toluene (and isomers in technical mixtures)” 1990; ATSDR 1995). Urinary elimina-
tion takes place also in humans, as shown in the investigations with workers de-
scribed in the section on metabolism.

Metabolism

The metabolism of 2,4,6-trinitrotoluene has been thoroughly investigated and de-
scribed. In animal studies, 2,4,6-trinitrotoluene is subject to both oxidative and re-
ductive metabolism, whereby the reductive pathways are predominant. Oxidation
of the methyl group and the benzene ring and reduction of the three nitro groups
and conjugation reactions occur (documentation “2,4,6-Trinitrotoluene (and iso-
mers in technical mixtures)” 1990; ATSDR 1995; Bolt et al. 2006; IARC 1996).

The main metabolic pathways which lead to reactive metabolites are shown in
Figure 1.

The main metabolites of 2,4,6-trinitrotoluene in humans are 4-amino-2,6-dini-
trotoluene and 2-amino-4,6-dinitrotoluene. Both were found in the urine after in-
gestion of the substance and in workers exposed by inhalation and presumably also
dermally to 2,4,6-trinitrotoluene. It is assumed that 4-amino-2,6-dinitrotoluene and
2-amino-4,6-dinitrotoluene are available mainly in conjugated form. Also un-
changed 2,4,6-trinitrotoluene, 2,6-diamino-4-nitrotoluene and 2,4-diamino-6-ni-
trotoluene were eliminated in lower concentrations with the urine of workers (Bolt
et al. 2006; IARC 1996).

Since the last documentation (documentation “2,4,6-Trinitrotoluene (and iso-
mers in technical mixtures)” 1990), three studies with workers have been published
(Bader et al. 1998; Coombs and Schillack 1998; Letzel et al. 2003; see Table 1). In all
studies, 4-amino-2,6-dinitrotoluene was found to be the main metabolite, followed
by 2-amino-4,6-dinitrotoluene.
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Figure 1 Main metabolic pathways of 2,4,6-trinitrotoluene resulting in reactive metabolites
(Bolt et al. 2006)

In addition to the results shown in Table 1, the most recent study showed a clear
difference in the concentration of the two main metabolites in the urine between
workers exposed occasionally (n=51) and those exposed regularly (n=19). There
is a significant linear correlation between the concentration in the urine and that of
2,4,6-trinitrotoluene in the air. 2,4,6-Trinitrotoluene concentrations up to 0.69 mg/
m3 and 2,4-dinitrotoluene concentrations of up to 0.02 mg/m3 were determined by
personal air sampling. The concentrations of 2-amino-4,6-dinitrotoluene in the ur-
ine of the 51 workers exposed occasionally and the 19 exposed regularly were 0 and
0-1464 pg/l, respectively, those of 4-amino-2,6-dinitrotoluene 0-44 and 0-
6693 pg/l, respectively, and those of 2,4,6-trinitrotoluene 0 and 0-5 ug/l, respec-
tively (Letzel et al. 2003). In this study, the detection limit of the metabolites in
urine was one order of magnitude lower than that in the other studies shown in
Table 1.

In another publication, the presence of “diazo-positive” metabolites was detected
in the urine of workers exposed to 2,4,6-trinitrotoluene, that is metabolites with an
amino group, in amounts dependent on the level of exposure (Ahlborg et al.
1988 b).

2,6-Dinitrobenzyl alcohol (866 nmol/g creatinine) and 4-amino-2-nitrobenzoic
acid (2167 nmol/g creatinine) were detected in the urine of two workers at a Chinese
chemicals factory employed in the transport and packing of 2,4,6-trinitrotoluene.
The control collective consisted of a group of eleven workers not exposed who were
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Table 1 Elimination of 4-amino-2,6-dinitrotoluene and 2-amino-4,6-dinitrotoluene in the urine
of workers exposed to 2,4,6-trinitrotoluene (TNT)

TNT concentration  4-amino-2,6-DNT 2-amino-4,6-DNT- References
in the air (mg/m3)  concentration concentration
in urine (mg/l)* in urine (mg/I)*
<0.01-2.53 9.7 (0.1-44) (mixture) Woollen et al.
1986
~0.5 0.17 (0.03-0.32) mg/g 0.04 (0.003-0.097) mg/g ~ Ahlborg et al.
creatinine creatinine 1988 a
0.18-0.49 day 1: 0.73 (0-2.34) day 1: 0.16 (0-0.78) Coombs and
day 4: 5.96 (1.2-16.8) day 4: 1.48 (0.1-4.47) Schillack 1998
not stated 0.14-16.83 0.02-5.79 Bader et al. 1998
0-0.69 0.23 (0-6.69) 0.02 (0-1.46) Letzel et al. 2003

* if not otherwise given
DNT: dinitrotoluene

employed by the same company. Neither 2,6-dinitrobenzyl alcohol nor 4-amino-2-
nitrobenzoic acid could be detected in the urine of the workers in the control group
(Jones et al. 2005 a).

Effects in Humans
Allergenic effects

Sensitizing effects on the skin

The skin disease after contact with 2,4,6-trinitrotoluene formerly known also as
“TNT itch” was promoted by increased temperatures or perspiration; it frequently
affected a large number of the workers and was observed even after contact with
small amounts of 2,4,6-trinitrotoluene. Especially workers engaged in filling or un-
loading 2,4,6-trinitrotoluene or in filling explosive charges tended to incur dermati-
tis and contact allergies. There is no detailed information about allergological in-
vestigations available (documentation “2,4,6-Trinitrotoluene (and isomers in tech-
nical mixtures)” 1990).

In several earlier reviews, 2,4,6-trinitrotoluene is described as causing pro-
nounced contact dermatitis (accompanied by erythema, papules and pruritis). More
detailed information on the symptoms or evidence of an allergic genesis are usually
not mentioned (Anderson 1944; Anonymous 1964; Bonnevie 1939; Schwartz 1944;
Silver 1938). One of the authors describes the possibility that exposed persons be-
come sensitized within “five or more days”, with subsequent tolerance frequently
developing later (Schwartz 1944).



2,4,6-Trinitrotoluene (and isomers in technical mixtures) 7

In addition, a few reports of workers with contact dermatitis from 2,4,6-trinitro-
toluene are available: in an earlier review of occupational skin diseases in the explo-
sives manufacturing industry, five cases of contact dermatitis from 2,4,6-trinitroto-
luene are cited. The author gives 0.5% 2,4,6-trinitrotoluene in alcohol as the test
preparation (Querangal des Essarts 1955). In one worker who assembled mines
filled with 2,4,6-trinitrololuol powder, generalized erythematous papular skin reac-
tions occurred one month after starting work. The patch test produced a 1+ reac-
tion to 5% 2,4,6-trinitrotoluene in petrolatum after 96 hours and a 2+ eczematous
reaction to 10% 2,4,6-trinitrotoluene (Goh 1988). In one female worker in the am-
munition industry who operated an explosive charge filling machine and had con-
tact with 2,4,6-trinitrotoluene and tetryl among other substances (see documenta-
tion “N-Methyl-N,2,4,6-tetranitroaniline” 1998; Sh), erythematous, papular skin
changes on the neck, forearm and forehead, and oedematous changes on the hands
occurred three months after starting work. The patch test produced clear reactions
(2+) to 5%, 10% and 25% preparations of 2,4,6-trinitrotoluene in petrolatum. Lower
test concentrations produced questionable or negative results; 2,4,6-trinitrotoluene
powder caused an erosive reaction. In 20 control persons, the 5% preparation of
2,4,6-trinitrotoluene in petrolatum produced no reaction (Goh and Rajan 1983).

Four months after starting work, a yellow discoloration of the hands, swelling of
the lips, fingers and hands, and a rash in the neck area occurred in a worker likewise
occupied in filling explosive charges with 2,4,6-trinitrotoluene and tetryl among
other substances. The patch test produced a reaction to 5% 2,4,6-trinitrotoluene
and, after 96 hours, to 0.05% (1+), 0.1% and 0.5% (both 2+) preparations of tetryl in
petrolatum. The author interpreted the reaction to 2,4,6-trinitrotoluene as a possi-
ble cross-reaction with tetryl (Goh 1984).

Sensitizing effects on the respiratory tract

There are no data available for the sensitizing effects of 2,4,6-trinitrotoluene on the
respiratory tract.

Repeated exposure

In the documentation from 1988 (documentation “2,4,6-Trinitrotoluene (and iso-
mers in technical mixtures)” 1990), epidemiological studies describing increased
mortality resulting from 2,4,6-trinitrotoluene in workers was discussed. The expo-
sure concentrations were in the range of 6 to 16 mg/m3. The clinical symptoms in
the workers consisted mainly of tiredness, paleness and cyanosis, arising from
methaemoglobinaemia, aplastic anaemia and changes in the blood picture, such as
reduction of and damage to the erythrocytes, leukopoenia, leukocytosis, lymphocy-
tosis and fragmented cells. Other toxic effects were irritation of the respiratory
tract, digestive tract and skin as well as systemic effects on the digestive tract, liver
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and gallbladder, cardiovascular system, nervous system and the formation of catar-
acts. The causes of death were reported to be mainly aplastic anaemia and toxic
hepatitis. Further epidemiological studies not cited in the documentation of 1988
are discussed in the assessment of the IARC (1996) and confirm the previous re-
sults. These studies are described below:

In an epidemiological study conducted by the US Army in the 1970s, no signifi-
cant differences in liver function were found in 626 workers—the majority of whom
were exposed in four ammunition factories to 2,4,6-trinitrotoluene concentrations
of <0.5 mg/m? and only a few (no other details) to 1.5 mg/m3-compared with that
in 865 control persons not exposed. Bilirubin, lactate dehydrogenase, alkaline phos-
phatase, serum alanine aminotransferase and aspartate aminotransferase were the
parameters investigated (ATSDR 1995).

A case—control study in Chinese workers exposed to 2,4,6-trinitrotoluene re-
vealed an increase in liver toxicity in the workers with increased alcohol consump-
tion (ATSDR 1995).

In a case report published in Czech, of which only a summary is available in English,
a worker developed non-alcoholic steatohepatitis after exposure to significant levels of
2,4,6-trinitrotoluene for 22 years (no other details) (Hassmanova et al. 2002).

A cross-sectional study was carried out with 82 workers involved in the disposal
of waste ammunition in Germany. Of these, 51 were regularly, 19 occasionally and
12 not exposed to 2,4,6-trinitrotoluene (up to 3.25 mg/m3) or 2,4-dinitrotoluene
(up to 0.02 mg/m3). In the regularly exposed workers, an increase in symptoms
such as a bitter taste, burning eyes, and discoloration of the skin and hair were
found, together with a significant increase in serum lactate dehydrogenase in clin-
ical laboratory investigations (p < 0.05; Letzel et al. 1997 b, 2003).

In a case—control study with workers exposed to 2,4,6-trinitrotoluene and
other chemicals in an ammunition factory for many years, the exposure condi-
tions of 32 workers with haematological changes (neutropoenia, reduced throm-
bocyte count or enlarged erythrocytes) were compared with those of 322 workers
without haematological changes. According to the authors, the parameters inves-
tigated could indicate a possible myelodysplastic syndrome. A slightly increased
odds ratio of 2.4 (confidence interval: 0.8-7.0) for haematological changes was
reported for the 25 workers exposed to 2,4,6-trinitrotoluene; the control group
consisted of 205 workers not exposed to 2,4,6-trinitrotoluene without haematolo-
gical changes (West and Stafford 1997).

In another cross-sectional study, four cases with cataracts were found among 23
workers exposed to 2,4,6-trinitrotoluene that could be classified as a typical 2,4,6-
trinitrotoluene cataract. The blood values of the workers were within the normal
range; no details were given of the exposure levels (Kruse et al. 2005).

To summarize, the effects of 2,4,6-trinitrotoluene on blood parameters and the
formation of cataracts presented in the documentation from 1988 (documentation
“2,4,6-Trinitrotoluene (and isomers in technical mixtures)” 1990) have been
confirmed in further studies described in the evaluation of the IARC (1996) or in
this section.
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Genotoxicity

With the urine of workers exposed to 2,4,6-trinitrotoluene via inhalation and pre-
sumably also as a result of absorption of the substance through the skin, increased
mutagenic activity was observed in bacterial systems.The urine samples of 14 work-
ers exposed to 2,4,6-trinitrotoluene were found to be mutagenic in Salmonella ty-
phimurium TA98 and in Escherichia coli WP2 uvrA without, but not with, meta-
bolic activation. The mutagenic activity correlated with the concentration of
2,4,6-trinitrotoluene at the workplace, which reached a maximum level of 0.29 mg/
m3. Urine samples from the same workers after a four-week holiday were used as
controls. The exclusion of smokers from the assessment made no change to the
results. In the samples with the highest mutagenicity, unmetabolized 2,4,6-trinitro-
toluene was found (Ahlborg et al. 1985).

In a subsequent study, the urine samples of 50 workers were investigated. These
were classed in three groups: no exposure (2,4,6-trinitrotoluene concentration in
the air below the detection limit), medium exposure (2,4,6-trinitrotoluene concen-
trations of 0.1-0.3 mg/m?3) and high exposure (0.2-0.5 mg/m3). Sampling took
place before and after the shift, and health status, smoking habits, alcohol con-
sumption, diet and use of medicines were recorded. The samples were incubated in
the mutagenicity test with Salmonella typhimurium TA98 and with the nitroreduc-
tase-deficient strain TA98NR without the addition of a metabolic activation system.
The urine samples of the high exposure group caused clear mutagenic effects. As
the reaction with the strains TA98 and TA98NR was comparable, although the ni-
troreductase-deficient strain was less sensitive, bacterial nitroreductase does not
seem to have any significant relevance for the mutagenicity of the urine samples.
Unlike in the previously described study of Ahlborg et al. (1985), no correlation was
found between the 2,4,6-trinitrotoluene concentration in the urine and the muta-
genicity. On the other hand, the correlation between the mutagenic activity and the
4-amino-2,6-dinitrotoluene concentration in the urine was significant (Ahlborg et
al. 1988 a).

In a chromosomal aberration test with peripheral lymphocytes of 26 workers (13
men and 13 women) exposed to 2,4,6-trinitrotoluene for between 0.5 and 5 years,
more irregularities were found in the conventional analysis (data not reported) and
in the CISS (Color Chromosome In Situ Suppression) analysis in those persons
with high internal exposure, determined as 4-amino-2,6-dinitrotoluene in blood,
than in the volunteers with a low level of exposure (data for the individuals not
given in the group comparison). Of these 26 persons, five were from the adminis-
trative area without direct contact with 2,4,6-trinitrotoluene, a further five were ex-
posed irregularly and 16 regularly (no other details). The 26 workers, of whom 17
had participated in ten or more radiographic diagnoses (no other details), were
found to have urinary 2,4-dinitrotoluene concentrations of 0 to 2.1 pg/l, 2,4-dini-
trobenzoic acid concentrations of 0 to 50.9 pg/l, 2,6-dinitrotoluene concentrations
of 0 to 3.6 ug/l, 2,4,6-trinitrotoluene concentrations of 0 to 3.8 pg/l, 2-amino-4,6-
dinitrotoluene concentrations of 0 to 1147 ug/l and 4-amino-2,6-dinitrotoluene
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concentrations of 6 to 3975 ug/l. Exposure-related values were not given. Com-
pared with the incidence in the controls (22 women and seven men, of whom only
one person had had a number of radiographic diagnoses), a significantly increased
number of chromosomal aberrations (16.0 + 4.0 per 1000 mitoses compared with
5.85+2.9 in the controls) was found in the 26 workers (Letzel et al. 1997 a, b; Ver-
dorfer et al. 2001). In the workers exposed to 2,4,6-trinitrotoluene, an increase in
the number of stable and unstable aberrations was observed; in tumour patients
there was an increase only in radiation-induced stable aberrations. Statistical eva-
luation of the original data using the Mann-Whitney test showed a significant in-
crease in chromosomal aberrations for the CISS analysis (p <0.01) and the conven-
tional method (p <0.05) for those persons with high internal exposure to 4-amino-
2,6-dinitrotoluene of more than 800 ug/l compared with the incidence in the con-
trols and those persons with low internal exposure to 4-amino-2,6-dinitrotoluene
of less than 355 pg/l.

Overall, the investigations of the genotoxicity of the substance in humans show
that inhalation exposure and presumably the simultaneous dermal exposure of
workers to 2,4,6-trinitrotoluene results in a significantly increased incidence of
chromosomal aberrations in the peripheral lymphocytes. In addition, the urine of
workers exposed to 2,4,6-trinitrotoluene produces increased mutagenic activity in
bacteria. The chromosomal aberration test in humans with positive results was car-
ried out using a very sensitive method, which might possibly explain the discre-
pancy between this and the negative results in genotoxicity tests in animals.

Carcinogenicity

A 61-year-old worker who had been exposed to 2,4,6-trinitrotoluene for 35 years
died of a hepatocellular carcinoma. Known risk factors for the development of a
hepatocellular carcinoma, such as infectious hepatitis and alcohol-dependency,
were not present. Whether the exposure to 2,4,6-trinitrotoluene played a role in the
formation of the cancer is, however, not known (Garfinkel et al. 1988). A descrip-
tion of the route of absorption and the exposure level is not contained in this refer-
ence. Presumably, inhalation was the primary route; dermal absorption and low-
level oral absorption, for example from contaminated hands, cannot, however, be
excluded.

In a case-control study from the 1990s, two population groups living in the proxi-
mity of two German ammunition factories from the Second World War were inves-
tigated. Compared with control persons from the neighbouring communities, the
relative risk (RR) of contracting acute myeloic leukaemia (AML) was 3.5 (confi-
dence interval: 1.4—8.5) or 2.3 (confidence interval: 0.8—6.5) for men and 3.2 (con-
fidence interval: 1.4-7.2) or 4.3 (confidence interval: 1.4—12.7) for women. The re-
lative risk seemed to be particularly high in persons aged above 65 years. The case
numbers in the study were very small, however, so that its usefulness is limited. In
the men of the two population groups also the relative risk of contracting chronic
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myeloic leukaemia (CML) was increased (RR 4.1 [confidence interval: 1.4—12.2]
and RR 9.1 [confidence interval: 3.5-23.4]). In the women, on the other hand, only
one case was observed (Havemann et al. 1992; Kolb et al. 1993).

Another case—control study was carried out, as the distance to the factories in
which the 2,4,6-trinitrotoluene was produced, was not taken into consideration in
the above-mentioned study. In addition, other factors such as possible exposure to
benzene or to carcinogens at the workplace were not taken into account. As envir-
onmental pollution with toluene derivatives from former munition dumps was
known in this area, it was suspected that the production of 2,4,6-trinitrotoluene
and the resultant contamination of the soil and water could be responsible for the
increased risks observed. However, the new case—control study did not confirm
this. It merely indicated there to be a relationship between an increase in the odds
ratio in a small group of persons from a specific area of one of the two communities
that had been involved in the boom phase of 2,4,6-trinitrotoluene production dur-
ing the 1940s. These findings are, however, spurious and cannot explain the in-
creased frequency of leukaemia cases in the 1980s. There is no other explanation
for an increased risk of contracting leukaemia in this area (Kilian et al. 2001).

A study published in Chinese, of which only an English summary is available,
reports an increased incidence of malignant tumours in workers exposed to 2,4,6-
trinitrotoluene compared with that in the average population. In particular, the in-
cidence of liver tumours was related to the length of occupational exposure to
2,4,6-trinitrotoluene as well as to the level of exposure and the type of work carried
out in the factory. Alcohol consumption was also discussed as a possible cause of
the liver tumours (no other details; Yan et al. 2002).

Animal Experiments and in vitro Studies

Subacute, subchronic and chronic toxicity

In animal studies, methaemoglobin and Heinz bodies were found. After medium
and long-term exposure, the target organs were mainly the liver, spleen, blood and
testes (documentation “2,4,6-Trinitrotoluene (and isomers in technical mixtures)”
1990; IARC 1996).

The oral 13-week study in male and female F344 rats (see documentation
“2,4,6-Trinitrotoluene (and isomers in technical mixtures)” 1990) is presented again
here for the evaluation of germ cell mutagenicity. The NOAEL (no observed ad-
verse effect level) in this study was 5 mg/kg body weight and day. The highest ad-
ministered dose of 300 mg/kg body weight and day was markedly toxic. The body
weights of the animals in the high dose group were about 60% of those of the con-
trol animals, and those of the animals in the middle dose group (125 mg/kg body
weight and day) were about 75% of the weights of the controls. Anaemia was
observed after doses of 25 mg/kg body weight and day and above, and marked
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effects on the blood count at the medium dose of 125 mg/kg body weight and day
and above. As regards organ weights, the increase in spleen weights correlated with
the decrease in testis weights. In view of the presence of Leydig cell hyperplasia, a
hormonal mechanism for the degeneration in the testes (secondary as a result of
liver enzyme induction) was suggested by the authors, but oxygen deficiency result-
ing from anaemia is also concievable as a secondary mechanism (Levine et al.
1984).

In addition, two well-documented studies of the US Army from the 1980s are
available, in which rats and mice were given 2,4,6-trinitrotoluene with the diet for
two years:

Rat

Groups of 75 male and 75 female F344 rats were given 2,4,6-trinitrotoluene with
the diet for 24 months in concentrations corresponding to doses of 0, 0.4, 2, 10 or
50 mg/kg body weight and day. Mortality was not increased in the treated animals
compared with that in the controls. Food intake was reduced at 10 mg/kg body
weight and day and above, and body weight gains were reduced by 5% to 14% in the
10 mg/kg group and by 30% to 33% in the 50 mg/kg group. Increased ocular dis-
charge was observed in the animals of the 50 mg/kg group during the second year.
Anaemia with secondary spleen damage, hepatotoxicity, urogenital lesions and tu-
mours diagnosed as bladder papillomas and carcinomas were the main toxic effects
(see the Section “Carcinogenicity”, Table 5).

Anaemia occurred at doses of 10 mg/kg body weight and day and above in the
rats of both sexes, though more pronounced in the males, in the form of decreased
haematocrit and haemoglobin values, decreased erythrocyte counts and increased
reticulocyte counts. After the administration of 2 mg/kg body weight and day, fi-
brosis of the bone marrow was observed in the females. In the animals given
10 mg/kg body weight and day and above, sinusoidal congestion, extramedullary
haematopoiesis and haemosiderin-like pigmentation were found in the spleen. The
authors concluded that 2,4,6-trinitrotoluene seems to induce anaemia by means of
a haemolytic process. This was supported by the observation of Howell-Jolly and
Heinz bodies as well as by the presence of methaemoglobin in the blood after doses
of 10 mg/kg body weight and day and above, all of which provides evidence of the
oxidizing properties of 2,4,6-trinitrotoluene or its metabolites. In addition, at
50 mg/kg body weight and day and above, thrombocytosis was observed, which
mainly appeared during the second year of exposure.

The relative liver weight was increased mainly after doses of 50 mg/kg body
weight and day and, to a lesser extent, after 10 mg/kg body weight and day. After
doses of 10 mg/kg body weight and day and above hepatocellular hyperplasia oc-
curred in the male animals. In addition, the hepatotoxicity was also apparent from
changes in lipid metabolism, which was reflected by an increase in serum cholesterol
levels (after 2 mg/kg body weight and day and above), triglycerides (after 10 mg/kg
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body weight and day and above) and albumin (after 50 mg/kg body weight and day).
Also, at 50 mg/kg body weight and day, increased serum protein and globulin levels
were observed.

Nephrotoxicity was demonstrated by a slight increase in blood urea values in the
high dose group and spots of brown pigment on the kidneys and an increase in
relative organ weights after 2 mg/kg body weight and day and above in the male
animals and after 10 mg/kg body weight and day and above in the female rats. After
doses of 2 mg/kg body weight and day and above, hypertrophy of the proximal tub-
ular cells of the renal cortex occurred. Inflammation with lymphocytic infiltration
into the renal tissue and hyperplastic lesions in the renal pelvis, in female animals
also in the bladder, affected mainly the animals of the high dose groups. The male
and female animals of the 10 mg/kg and 50 mg/kg groups were found to have in-
creased relative heart weights.

Hyperplasia, papillomas and carcinomas of the bladder occurred in female rats
sporadically after doses of 10 mg/kg body weight and day and above, and were sig-
nificantly increased at 50 mg/kg body weight and day (see the Section “Carcino-
genicity”, Table 5) (US Army 1984 a). The NOAEL for non-neoplastic effects is
0.4 mg/kg body weight and day.

Mouse

After the administration of 2,4,6-trinitrotoluene doses of 0, 1.5, 10 or 70 mg/kg
body weight and day to groups of 75 male and 75 female B6C3F; mice with the diet
for 24 months, mortality in the treated animals was not increased compared with
that in the controls. In the males, body weight gains were reduced by 5% to 7% after
doses of 10 mg/kg body weight and day and above, and in both sexes by 15% to
20% at 70 mg/kg body weight and day. Anaemia, hepatotoxicity, peripheral lympho-
cytosis, leukaemia and malignant lymphomas in the spleen were the main toxic
effects (see the Section “Carcinogenicity”, Table 5).

The slight anaemia at 70 mg/kg body weight and day was characterized by re-
duced haematocrit and haemoglobin values and a reduced erythrocyte count in the
mice of both sexes, although this was more pronounced in the male animals. Com-
pensatory effects, such as observed in the study with rats, presumably did not occur
in view of the low degree of anaemia in the mice.

Further toxic effects were observed only at 70 mg/kg body weight and day. These
were reduced serum triglyceride and globulin levels, increased relative liver and
brain weights, and sporadic increases in relative kidney, spleen, heart and testis
weights, all of which occurred without accompanying histopathological effects. In
addition, enlarged lymph nodes were observed (US Army 1984:b). A NOAEL of
1.5 mg/kg body weight and day was obtained for non-neoplastic effects.
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Allergenic effects

There are no documented studies of the allergenic effects of 2,4,6-trinitrotoluene
available. In a summary of toxicological results, 2,4,6-trinitrotoluene was regarded
as moderately sensitizing in an animal experiment in which positive results were
obtained in four of 10 animals. No other details are given (US Army 1980).

Genotoxicity
In vitro

Bacterial test systems

2,4,6-Trinitrotoluene was mutagenic in Salmonella typhimurium, and was depen-
dent on the one hand on enzymatic activation by the nitroreductase and on the
other hand on the addition of a metabolic activation system. Nitroreductase-defi-
cient strains were less sensitive, and also the addition of a metabolic activation sys-
tem caused a reduction in the mutagenic activity (see documentation “2,4,6-Trini-
trotoluene (and isomers in technical mixtures)” 1990; ATSDR 1995).

The results of mutagenicity tests in bacteria correlated well (see Table 2). 2,4,6-
Trinitrotoluene produced mainly frameshift mutations in the strains Salmonella ty-
phimurium TA1537, TA1538 and TA98, but also base pair substitutions in the
strains TA1535 and TA100 (ATSDR 1995).

Table 2 Genotoxicity of 2,4,6-trinitrotoluene in bacteria in vitro

Test system: Concentra-  Effective Cytotoxicity Result References
Salmonella tionrange  concentration +mA. —-mA
typhimurium
strain
TA98 0.5-10 ug/ 2.5 pg/plate >10 pg/plate  — + Won et al.
plate 1976
TA98, TA100 20-200 pg/ 20 pg/plate no data +a) +a)  Tanetal
plate 1992
TA98, TA100 no data no data no data +b) +b) Honeycutt
et al. 1996
TA98, TA100F) 0.05-50 yM 4.8 uM no data + + Lachance
et al. 1999
TA97a, TA98, 2-240 ug/ =20 pg/plate  >240 pg/plate +a) +a)  Donnelly et al.
TA100 plate 1998
TA98, TA1538  0.5-500 ug/ =50 pg/plate  no data +c) +c)  Kaplan and
plate Kaplan 1982
TA98, TA100, 10-5000 ug/ no data no data +; no other ~ Pearson et al.
TA1535, plate details 1979
TA1537,

TA1538
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Table 2 (Continued)

Test system: Concentra-  Effective Cytotoxicity Result References
Salmonella tionrange  concentration TmA —mA
typhimurium
strain
TA98, TA100, no data no data no data +d) +d) ATSDR 1995
TA1535,
TA1537,
TA1538
TA100, 7.8-250 pug/ 2625 pg/plate =250 pg/plate not  +e) Spanggord
TAI1O00NR() plate tested et al. 1995
TA98, TA100, 25-200 pg/ 50 pg/plate no data -g) +h)  Whongand
TAI100NR(), plate; Edwards 1984
TA1535, 50-100 pg/
TA1537, plate in
TA1538 TAI00NR
TA9S, 10-5000 pg/ 50 pg/plate no data +i) +i) Spanggord
TA100NR3f), plate etal. 1982
TA1523,
TA1535,
TA1537,
TA1538
TA98, TA100, no data no data no data +k) +k) Karamova
TA100NRf) et al. 1994
TA100/1,8-DNPj)
TA98, YG1021l), 10-80 pg/ 10 pg/plate no data not +n)  Viitinen
YG1024m) plate in TA98; tested et al. 1997
10-120 pg/
plate in
YG1021/
YG1024

F) Fluctuation test

m.A: metabolic activation

a) greater response without m.A.; weaker response in TA98

b) negative with and without m.A. in TA100

) not all results reported in detail

d) greater response without m.A.; greater response in TA98, TA1538, TA1537
e) negative in TATOONR

f) nitroreductase-deficient

g) investigated only with TA1538

h) greater response in TA98, TA1538, TA1537; negative in TA1535, TATOONR
i) greater response without m.A.; negative with and without m.A. in TA1535, TATOONR3
j) O-acetyltransferase deficient

k) negative with and without m.A. in TAT00NR, TA100/1,8-DNP

1) increased nitroreductase activity

m) increased O-acetyltransferase activity

n) greater response in YG1021, YG1024
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The spontaneous and the 2,4,6-trinitrotoluene-induced mutation spectrum at
the hisD3052 allele of Salmonella typhimurium strains TA98 and YG1021 (in-
creased nitroreductase activity) and YG1024 (increased O-acetyltransferase activity)
was investigated, and showed that the greater enzyme activity in the strains
YG1021 and YG1024 produced increased 2,4,6-trinitrotoluene mutagenicity, but
had no effect on the mutation spectrum (Vaitinen et al. 1997).

2,4,6-Trinitrotoluene metabolites in bacterial test systems

In a mutagenicity test with Salmonella typhimurium TA98, 2-amino-4,6-dinitroto-
luene and 4-amino-2,6-dinitrotoluene yielded positive or weakly positive results
and were dependent on activation by a nitroreductase (Spanggord et al. 1982). In
another study, four possible mono and diamino metabolites of 2,4,6-trinitrotoluene
likewise had weaker mutagenic effects in the strains TA98 and TA100 than 2,4,6-
trinitrotoluene itself (Tan et al. 1992).

In two other investigations, 2,4,6-trinitrotoluene again produced the strongest
mutagenic activity in Salmonella typhimurium TA98 and TA100, followed by 2-
amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene (Lachance et al. 1999;
Spanggord et al. 1995).

The quantitative data from the study of Lachance et al. 1999 for the mutagenicity
of 2,4,6-trinitrotoluene and its metabolites are shown in Table 3. 4-Amino-2,6-dini-
trotoluene and 2-amino-4,6-dinitrotoluene were mutagenic in concentration ranges
(= 8.1 uM, about 1.8 mg/l) as occur in the urine of workers (0.02—9.7 mg/l) exposed
to 2,4,6-trinitrotoluene concentrations of <0.01 to 2.53 mg/m? (see the Section
“Metabolism”, Table 1).

Table 3 Quantitative data for the mutagenicity of 2,4,6-trinitrotoluene (TNT) and its metabo-
lites (Lachance et al. 1999)

Salmonella typhimurium TA98 Salmonella typhimurium TA100
+/-m. A.a) + + - - + + - -

NOECb) LOECb) NOECb) LOECb)  NOECb) LOECb) NOECb) LOECD)
TNT 0.5 4.8 4.8 48.0 0.5 4.8 4.8 48.0
2-ADNT 41 8.1 <81 8.1 3.6 6.6 6.6 13.2
4-ADNT 39.6 >396 127 25.4 14.2 284 284 441
2,4-DANT 62.8 >62.8 10.2 20.3 40.7 203.0  40.7 >40.7
2,6-DANT 40.7 628  62.8 >62.8 24.5 377 245 34.7

a) + m.A. metabolic activation with rat liver S9-Mix

b) NOEC and LOEC in uM

2-ADNT: 2-amino-4,6-dinitrotoluene; 4-ADNT: 4-amino-2,6-dinitrotoluene
2,4-DANT: 2,4-diamino-6-nitrotoluene; 2,6-DANT: 2,6-diamino-4-nitrotoluene
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2,4,6-Trinitrotoluene and its urinary metabolites in bacterial test systems

The mutagenicity of the urine of Wistar rats given intraperitoneal doses of 2,4,6-
trinitrotoluene of 50 mg/kg body weight, was only weak in Salmonella typhimurium
TA98, but pronounced in the strains YG1021 and YG1024, which overproduce ni-
troreductase and O-acetyltransferase, respectively. In the corresponding strains
TA98NR and TA98/1,8-DNP deficient in nitroreductase and O-acetyltransferase,
the urine of rats exposed to 2,4,6-trinitrotoluene was not mutagenic (Einist6 1991).

Also another study with Salmonella typhimurium revealed mutagenic activity in
the urine of rats given single oral doses of 2,4,6-trinitrotoluene of 75 mg/kg body
weight.. The HPLC fractions used in the mutagenicity test were found to have some
of the known mutagens such as 2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene,
4-amino-2,6-dinitrotoluene and 2,6-diamino-4-nitrotoluene, but also additional,
unidentified mutagenic substances were detected. Here too, the mutagenicity was
less pronounced in the nitroreductase-deficient strains TA98NR and TA100NR
(Brooks et al. 1997; George et al. 1996).

2,4,6-Trinitrotoluene and its metabolites in mammalian cells

The studies of the genotoxicity of 2,4,6-trinitrotoluene in mammalian cells in vitro
are summarized in Table 4.

Table 4 In vitro genotoxicity of 2,4,6-trinitrotoluene in mammalian cells

Test system Concentra-  Effective Cytotoxicity Results References
tionrange  concentration +mA -mA

DNA repair no data no data no data - +/—  ATSDR 1995

synthesis (UDS),

human fibro-
blasts (WI-38)

Mutagenicity 440 uM - 440 uyM - - Lachance
test, V79 cells et al. 1999
HPRT, CHO 10-100 pg/ 30 pg/plate >40 pg/ml, + + Kennel et al.
cells ml (soluble slightly cyto- 2000

up to 105 toxic

pg/ml in 1%

DMSO)
TK+-, mouse 8-1000 pg/ no data dose-depen- - +?  Styles and Cross
lymphoma cells  ml dent; no other 1983
P388 details

+: result questionably positive
+-: result inconclusive
m.A: metabolic activation
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In a mutagenicity test with V79 cells from the Chinese hamster, not described in
detail, neither 2,4,6-trinitrotoluene nor any of the metabolites 1,3,5-trinitrobenzene,
2,4,6-triaminotoluene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene,
2,4-diamino-6-nitrotoluene or 2,6-diamino-4-nitrotoluene were mutagenic (La-
chance et al. 1999).

In an HPRT test using CHO cells with and without the addition of a metabolic
activation system, 2,4,6-trinitrotoluene was found to be mutagenic in a dose-depen-
dent manner; this was most pronounced at 40 pg/ml, although at higher concentra-
tions cytotoxicity was low with almost 80% survival. The ten 2,4,6-trinitrotoluene
metabolites also tested had only weak or no mutagenic effects (Kennel et al. 2000).

The result of a test for DNA repair synthesis (UDS) was “inconclusive” (ATSDR
1995). As the original publication of the US Army from 1978 is not available, the
test cannot be included in the evaluation.

According to the authors, 2,4,6-trinitrotoluene was genotoxic in P388 mouse
lymphoma cells without the addition of a metabolic activation system, and there
was a statistically significant increase in the mutation frequency at the TK*/~ locus.
In concentrations of about 100 pug/ml and above, 2,4,6-trinitrotoluene induced
dose-dependent cytotoxicity with survival of 50% of the animals and below. With
the addition of a metabolic activation system, 2,4,6-trinitrotoluene was not muta-
genic (data not given; Styles and Cross 1983). In this publication, the results are
listed logarithmically, the original data and standard deviations are not presented. It
is not clear from the description whether significant genotoxic effects occurred at
40 pg/ml or not until cytotoxic concentrations were reached. In addition, no differ-
entiation was made between small and large colonies, so that no statement can be
made about possible clastogenic or mutagenic effects. Because of the lack of origi-
nal data, this test result cannot be used in the evaluation of the genotoxicity of
2,4,6-trinitrotoluene as it is not possible to make any conclusive assessment.

Although the data base for the evaluation of the genotoxicity of 2,4,6-trinitroto-
luene in mammalian cells in vitro is limited, the agreement within the available test
systems nevertheless allows the conclusion that the substance is mutagenic in bac-
terial and mammalian cell cultures; the addition of a metabolic activation system is
not required.

In vivo

In a study available only in summary form, the covalent DNA binding (32P postla-
belling) in liver cells was investigated in male rats given oral doses of 2,4,6-trinitro-
toluene of 25, 50 or 70 mg/kg body weight. Three to four DNA adducts with a
maximum adduct concentration of seven adducts/10° nucleotides were observed at
50 mg/kg body weight (no other details; Kohan et al. 1995). The adduct concentra-
tion is not to be regarded as a positive effect. As further data which would validate
the study are not given in the summary, this study cannot be used in the evaluation
of the genotoxicity of 2,4,6-trinitrotoluene.
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2,4,6-Trinitrotoluene did not increase unscheduled DNA synthesis (UDS) in the
hepatocytes of up to three male rats after single oral doses of 100, 200, 500 or
1000 mg/kg body weight (AP rats) or 200, 500 or 1000 mg/kg body weight (F344
rats). Neither cytotoxic nor genotoxic effects were observed in the hepatocytes
twelve hours after treatment. The animals had increased methaemoglobin levels
and red-coloured urine, which indicates systemic exposure to 2,4,6-trinitrotoluene
(Ashby et al. 1985).

2,4,6-Trinitrotoluene did not increase the number of micronuclei in the bone
marrow of male mice. The polychromatic erythrocytes of groups of five male
(CBAxBalbC)F; mice were investigated 24, 48 or 72 hours after single intraperito-
neal injections of 40 or 80 mg/kg body weight which, according to the authors, cor-
responds to 80% of the maximum tolerable dose (Ashby et al. 1985).

In a chromosomal aberration test with groups of five male Sprague Dawley rats
given 0.002% or 0.25% 2,4,6-trinitrotoluene (around 2 or 250 mg/kg body weight
and day) with the diet for 28 days, there was no increase in the number of chromo-
somal aberrations. However, no toxic effects were observed in the rats, nor cyto-
toxic effects in the bone marrow. In two other groups, kept without treatment for a
further 28 days after exposure before subsequent investigation, no genotoxic effects
in the bone marrow cells were found. Treatment was not lethal in any of the ani-
mals. The reduced body weights in the high dose group was attributed by the
authors to the palatability of 2,4,6-trinitrotoluene rather than to toxic effects. The
slight decrease in the mitotic indices in the high dose group was not considered to
be a cytotoxic effect. The usefulness of this study is limited as the test was not
carried out up to the maximum tolerable dose; in addition, no signs of toxicity were
seen in any of the animals, nor were any cytotoxic effects found in the cells (ATSDR
1995).

To summarize, the in vivo studies did not reveal any genotoxic effects of 2,4,6-
trinitrotoluene, although the chromosomal aberration test cannot be fully included
in the evaluation as testing was not carried out up to the maximum tolerable dose.

Carcinogenicity

In a carcinogenicity study, in which only the formation of lung tumours in groups
of 20 rats, mice and guinea pigs (no other details) was investigated, intratracheal
instillation of 2,4,6-trinitrotoluene over a period of twelve months (no other details)
did not induce tumours. This and other investigations from the 1940s and 1950s
(see documentation “2,4,6-Trinitrotoluene (and isomers in technical mixtures)”
1990), in which no carcinogenicity was reported, do not meet the present-day re-
quirements of a carcinogenicity study and can therefore not be included in the eva-
luation of the carcinogenicity of 2,4,6-trinitrotoluene.

Two well-documented studies by the US Army from the 1980s are available, in
which rats and mice were given 2,4,6-trinitrotoluene with the diet for two years.
The clinical observations presented in these studies and the determination of body
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weights, food intake and organ weights, as well as haematological, clinico-chemical
and ophthalmological investigations, and macroscopic and microscopic investiga-
tions of the organs are described in the Section “Subacute, Subchronic and Chronic
Toxicity”.

Rat

Groups of 75 male and 75 female F344 rats were given 2,4,6-trinitrotoluene with
the diet for 24 months in concentrations corresponding to doses of 0, 0.4, 2, 10 or
50 mg/kg body weight and day. Mortality in the treated animals was not increased
compared with that in the controls. Food intake and body weight gains were re-
duced after doses of 10 mg/kg body weight and day and above. Hyperplasia, papil-
lomas and carcinomas of the bladder occurred in female rats sporadically at 10 mg/
kg body weight and day and above. The increase was significant at 50 mg/kg body
weight and day (see Table 5). The observed increase in carcinomas was accompa-
nied by an increase in the incidence of hyperplastic, preneoplastic and neoplastic
changes in the bladder epithelium, which occurred at 10 mg/kg body weight and
day and above. In addition, hyperplastic changes in the liver and kidneys were ob-

Table 5 Studies of the carcinogenicity of 2,4,6-trinitrotoluene

Author: US Army (1984 a)

Substance: 2,4,6-trinitrotoluene (purity: 99.05%-99.43%)

Species: rat, F344/N, 75 &3, 75 Q (interim dissection of 10 & and 10 Q after 6
and 12 months)

Administration route: ~ with the diet

Dose: 0, 0.4, 2, 10, 50 mg/kg body weight and day

Duration: 2 years, continuously

Toxicity: 0.4 mg/kg body weight: NOAEL for toxicity

2 mg/kg body weight and above: relative kidney weights 1; histopatho-
logical changes in the kidneys; serum cholesterol levels 1; alkaline
phosphatase | (only after 14 days); fibrosis of the bone marrow (only
Q)

10 mg/kg body weight and above: food intake and body weight gains |;
anaemia; histopathological changes in the spleen, Howell-Jolly and
Heinz bodies 1, methemoglobin 1; relative liver weights 1; hepatocellu-
lar hyperplasia (only 3); serum triglycerides 1; relative heart weights 1
50 mg/kg body weight: ocular discharge 1; thrombocytosis, serum al-
bumin, protein and globulin 1; blood urea 1 (slightly); inflammation
with lymphocytic infiltration in the kidney tissue, hyperplastic lesions
in the renal pelvis, hyperplastic lesions in the bladder (only Q); relative
spleen and testis weights 1 (only recognizable at interim dissection)
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Tumours:

Dose (mg/kg body weight and day)

0 0.4 2.0 10.0 50.0

Survival (weeks) & 99.4 96.8 96.1 98.4 101.3

Q 100.1 99.2 100.8 102.8 102.9
Bladder:
hyperplasia 3 0/54 0/54 0/54 0/54 0/55

Q  0/54 0/54 0/55 2/55 (3.6%)  12/55 (21.8%)**
papillomas 3 0/54 0/54 0/54 0/54 0/55

] 0/54 0/54 0/55 1/55 (1.8%) 5/55 (9.1%)*
carcinomas 3 0/54 0/54 0/54 0/54 0/55

Q 0/54 0/54 0/55 1/55 (1.8%) 12/55 (21.8%)**
* p<0.05; ** p<0.01 in Fisher's Exact Test
Author: US Army (1984 b)
Substance: 2,4,6-trinitrotoluene (purity: 98.86%—-99.43%)
Species: mouse, B6C3F,, 75 &, 75 Q (interim dissection of 10 & and 10 Q after 6

Administration route:
Dose:
Duration:

Toxicity:

Tumoursa):

and 12 months)

with the diet

0, 1.5, 10, 70 mg/kg body weight and day

2 years, continuously

1.5 mg/kg body weight: NOAEL for toxicity

10 mg/kg body weight and above: body weight gains | (only 3); hepa-
tocellular hyperplasia (only 3); relative heart weights 1, lymphocytes 1
(slightly)

70 mg/kg body weight: body weight gains | (@); slight anaemia; lym-
phocytosis; serum triglycerides and globulin |; sporadic increase in re-
lative liver, kidney, spleen, heart, testis and brain weights

Dose (mg/kg body weight and day)

0 1.5 10.0 70.0

Survival (weeks) & 99.6 98.9 99.2 99.8

Q 99.4 100.3 101.3 102.2
Spleen:
lymphatic 3 19/53 (35.9%)  31/53 (58.5%)** 28/52 (53.9%)  18/54 (33.3%)
hyperplasia Q no data no data no data no data
leukaemia/malig- & no data no data no data no data
nant lymphomas Q# 9/54 (16.7%) 15/54 (27.8%) 17/54 (31.5%)  21/54 (38.9%)**
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Table 5 (Continued)

Kidneysb):

leukaemia/malig- & no data no data no data no data

nant lymphomas @ 5/54(9.2%) 11/54 (20.4%) 8/54 (14.8%) 10/54 (18.5%)
Liverb):

extramedullary & 3/53 (5.7%) 7/53 (13.2%)  13/52 (25.0%)*  7/54 (13.0%)
haematopoiesis Q no data no data no data no data
adenomas and 3 no data no data no data no data
carcinomas ? 5/54 (9.2%) 11/54 (20.4%) 8/54 (14.8%) 10/54 (18.5%)

** p<0.01 in Fisher's Exact Test

# p=.006 in the Cochran-Armitage trend test

a) The pathology report was not available. The results of this study were only available summarized in tabular
form and are given here correspondingly.

b) Identical figures were given for the kidneys and liver; validation of the data was not possible, as the indivi-
dual results were not available

served. There were no relevant findings in the bladder in the control animals. A
comparison with the historical control data given in the report shows that bladder
carcinomas in F344 rats are very rare: of 1794 male and 1754 female rats, six ani-
mals were found to have bladder carcinomas. No hyperplastic, preneoplastic or
neoplastic changes in the bladder epithelium were found at 2 mg/kg body weight
and day (US Army 1984 a).

Mouse

In groups of 75 male and 75 female B6C3F, mice given 2,4,6-trinitrotoluene with
the diet in concentrations of 0, 1.5, 10 or 70 mg/kg body weight and day for 24
months, mortality was not increased compared with that in the controls. The body
weight gains in the males were reduced after doses of 10 mg/kg body weight and
day and above and in the females at 70 mg/kg body weight and day. The main
effects were anaemia, hepatotoxicity, peripheral lymphocytosis and leukaemia or
malignant lymphomas in the spleen. There was an increase in the incidence of leu-
kaemia and malignant lymphomas in the spleen of female mice even after doses of
1.5 mg/kg body weight and day; the increase was dose-dependent and only statisti-
cally significant at 70 mg/kg body weight and day (US Army 1984 b). A positive
trend was found also with the Cochran-Armitage trend test (see Table 6). The in-
cidences of leukaemia and malignant lymphomas in the kidneys and adenomas and
carcinomas in the liver were, in the female mice of the exposed groups, likewise
higher than in the control group. However, there was no clear dose-dependent in-
crease, and the incidences were not statistically significant. Although no historical
control incidences are given in the report, a substance-related effect can be
assumed on the basis of the effects of the substance on the lymphohaematopoietic
system.
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Manifesto (MAK value, classification)

In two-year feeding studies with rats and mice 2,4,6-trinitrotoluene was found to
have carcinogenic effects. Bladder hyperplasia and bladder carcinomas were found
in female rats after doses of 50 mg/kg body weight and day, and increased inci-
dences of leukaemia and malignant lymphomas of the spleen in mice at 70 mg/kg
body weight and day. Also, its structural analogy to other nitroaromatics, in parti-
cular to dinitrotoluenes, gives reason to suspect that 2,4,6-trinitrotoluene has carci-
nogenic potential.

2,4,6-Trinitrotolue is mutagenic in bacterial test systems and mammalian cell cul-
tures; the addition of a metabolic activation system is not required. Also the two
main metabolites of 2,4,6-trinitrotoluene in humans, 4-amino-2,6-dinitrotoluene
and 2-amino-4,6-dinitrotoluene, cause dose-dependent mutagenic effects in bacter-
ia in concentrations such as occur in the urine of workers exposed to 2,4,6-trinitro-
toluene concentrations of < 0.01 to 2.53 mg/m3. In vivo, 2,4,6-trinitrotoluene yielded
negative results in micronucleus tests with mice after intraperitoneal administration.
In male rats, it induced neither UDS in the liver nor chromosomal aberrations in the
bone marrow after oral administration, although the latter investigation has only
limited usefulness, as the doses tested did not reach the maximum tolerable dose.

After the inhalation of 2,4,6-trinitrotoluene and presumably also dermal expo-
sure to the substance, a significantly increased incidence of chromosomal aberra-
tions was found in the peripheral lymphocytes of workers, however. In addition, the
urine of exposed workers had increased mutagenic effects in bacteria. Together
with the observation that 2,4,6-trinitrotoluene produces methaemoglobin in hu-
mans, which presupposes the reduction of nitro groups and the formation of a re-
active hydroxylamine, and the fact that reduced and mutagenic metabolites were
found in the urine, genotoxic effects in humans must be assumed.

The results of studies of the genotoxicity of 2,4,6-trinitrotoluene are similar to
those for other nitroaromatics. The negative results in the micronucleus test are
explainable, as this test yielded negative results also for the carcinogenic dinitroto-
luenes. The positive results in the chromosomal aberration test in humans was car-
ried out using a highly sensitive method, which could explain the discrepancy be-
tween this and the negative results in in vivo genotoxicity tests in animals.

To summarize, carcinogenic effects were found in studies with the two species
rat and mouse, so that genotoxic effects in humans must be assumed. Therefore
2,4,6-trinitrotoluene is classified in Carcinogen Category 2.

The effects on the testes in experimental animals occurred at clearly toxic dose
levels, and Leydig cell hyperplasia has been suggested as a secondary mechanism
for the death of germ cells.The data do not, therefore, unequivocally demonstrate
that the test substance reaches the germ cells in active form. As a result of the
genotoxicity of the substance in vitro and the clastogenicity in humans, 2,4,6-trini-
trotoluene is classified in category 3B for Germ Cell Mutagens.

The good dermal penetration of 2,4,6-trinitrotoluene in humans has already been
described in the documentation from 1988 (documentation “2,4,6-Trinitrotoluene
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(and isomers in technical mixtures)” 1990). As 2,4,6-trinitrotoluene is a proven ani-
mal carcinogen with presumably genotoxic effects in humans, for which at present
no MAK value can be given, an additional carcinogenic risk must be assumed from
its demonstrated ability to penetrate the skin. The previous designation with an “H”
has therefore been retained.

The data and findings for 2,4,6-trinitrotoluene are mostly from earlier literature
and incomplete; its sensitizing potential cannot be unequivocally evaluated. In addi-
tion, patch tests were carried out only on rare occasions. Nevertheless, some case
reports with positive patch test results indicate that 2,4,6-trinitrotoluene has sensi-
tizing potential, so that 2,4,6-trinitrophenol has been given the designation “Sh”.
No findings are available for allergenic effects in the airways, so that, as before, no
designation with “Sa” has been given.
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