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7. Review Process Prior to last literature search (update):
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April 01, 2003 (Human Health): databases medline, toxline;
search  profile CAS-No. and special search terms
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biosis; search profile CAS-No. and special search terms
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10. Date of last Update:

UNEP PUBLICATIONS



OECD SIDS 4-NITROTOLUENE

11. Comments: OECD/ICCA - The BUA" Peer Review Process

Qualified BUA personnel (toxicologists, ecotoxicologists)
perform a quality control on the full SIDS dossier submitted by
industry. This quality control process follows internal BUA
guidelines/instructions for the OECD/ICCA peer review process
and includes:

- afull (or update) literature search to verify completeness
of data provided by industry in the [UCLID/HEDSET

- Review of data and assessment of the quality of data
- Review of data evaluation

- Check of adequacy of selection process for key studies
for OECD endpoints, and, where relevant, for non-OECD
endpoints by checking original reports/publications

- Review of key study description according robust
summaries requirements; completeness and correctness is
checked against original reports/publications
(if original reports are missing: reliability (4), i.e.
reliability not assignable)

- Review of validity of structure-activity relationships

- Review of full SIDS dossier (including STIAR, SIAP and
proposal for conclusion and recommendation for further
work)

- In case of data gaps, review of testing plan or rationale
for not testing

* BUA (GDCh-Beratergremium fiir Altstoffe): Advisory Committee on Existing Chemicals of the Association of
German Chemists (GDCh)

UNEP PUBLICATIONS 3



OECD SIDS 4-NITROTOLUENE

SIDS INITIAL ASSESSMENT PROFILE

CAS No. 99-99-0

Chemical Name 4-Nitrotoluene

Structural Formula OZN_QCH 3

SUMMARY CONCLUSIONS OF THE SIAR
Human Health

4-Nitrotoluene is rapidly absorbed via skin, gastrointestinal or respiratory tract, and distributed throughout the body.
The primary metabolic pathway is side-chain or ring oxidation and conjugation with glucuronic acid and inorganic
sulfates with subsequent renal excretion. In rats, the involvement of enterohepatic circulation was also observed.
4-Nitrotoluene is a methemoglobin forming chemical. Tachypnea, wheezing, somnolence and cyanosis were the
predominent clinical signs following oral doses near to or exceeding the LD50 values. Methemoglobinemia was
reported in rats after dermal exposure to high dose levels (LD50, oral, rat: 2144 - 4700 mg/kg bw; LD50, dermal,
rats: > 750 mg/kg bw, LD50, dermal, rabbits: > 20,000 mg/kg bw; LC50, inhalation, rat: > 851 mg/m3/4h; no
information on particle size available).

4-Nitrotoluene is not irritating to the skin and eyes of rabbits (OECD TG 404, 405). It was not sensitizing to the skin
of guinea pigs in the Single Injection Adjuvant Test (SIAT) and in the Buehler test (OECD TG 406).

In 13 week and 2 year feeding studies with rats, 4-nitrotoluene caused hematopoiesis and hemosiderin pigment
accumulation in the spleen of both sexes at all dose levels tested. Methemoglobinemia was noted at study end in the
13 week study at 10,000 ppm (male: approximately 723 mg/kg bw/day, female: approximately 680 mg/kg bw/day).
At high and systemically toxic exposure levels, testicular degeneration was found in the males, and lengthened
estrous cycles in the females. In male rats, a2u-globulin nephropathy was observed in all dosed groups. This effect is
species specific and therefore of no relevance for humans (LOAEL: 625 ppm, corresponding to approximately 42
mg/kg bw/day, based on splenic toxicity). No relevant chemical related lesions were seen in mice in 13 week feeding
studies. The NOAEL based on body weight reduction was 2500 ppm (approximately 439 mg/kg bw/day). In 2-year
feeding studies, male and female mice showed an increase in alveolar bronchiolar epithelialization, and syncytial
alterations in hepatocytes were found in males (LOAEL 1250 ppm = approximately 155 - 170 mg/kg bw/day).
Immunological dysfunction has been reported in mice. The toxicological significance of the effects is not certain.

In vitro, 4-nitrotoluene showed no mutagenic effect in good quality Ames tests with Salmonella typhimurium and
Escherichia coli, with and without metabolic activation. In cultured mammalian cells, 4-nitrotoluene has
demonstrated the potential to cause mutagenicity in the presence of metabolic activation. The chemical did not induce
unscheduled DNA synthesis in hepatocytes. /n vivo, 4-nitrotoluene had no genotoxic activity. The substance did not
induce micronuclei in rat and mice bone marrow cells in studies performed according to the current standard (OECD
TG 474), and it did not induce unscheduled DNA synthesis in rat ex vivo hepatocytes.

Under the conditions of the two year feed studies, there was equivocal evidence of carcinogenic activity of 4-
nitrotoluene in male rats based on the increased incidences of subcutaneous skin neoplasms. There was some
evidence of carcinogenic activity in female rats based on increased incidences of clitoral gland neoplasms. There was
equivocal evidence of carcinogenic activity in male mice based on increased incidences of alveolar/bronchiolar
neoplasms. There was no evidence of carcinogenic activity in female mice exposed to 1250, 2500, or 5000 ppm
(approximately 155, 315, or 660 mg/kg bw/day).

4-Nitrotoluene had no adverse effects on most reproductive endpoints (insemination index, fertility index, time to
insemination, gestation length, number of corpora lutea and number of implantation sites, live birth index) in a rat
oral Reproductive/Developmental Toxicity Screening Test (OECD TG 421), even under conditions where overt
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systemic toxicity was observed. A reduction in the gestation index, increased prenatal loss and reduced litter size and
pup weights were reported at parentally toxic doses. Testicular degeneration was found in subchronic studies at
systemically toxic dose levels characterized by reduced body weights and toxicity to the spleen subsequent to the
erythrocyte damaging effect of 4-nitrotoluene (NOAEL reproductive toxicity: 25 mg/kg bw/day; NOAELgeveiopmental toxicity: 25
mg/kg bw/day, NOAEL(male)general toxicity: 25 mg/kg bw/day; LOAEL(female)general toxicity: 25 mg/kg bw/day).

Based on the available data, there was no evidence of a relevant hormonal activity of 4-nitrotoluene from various in
vitro and in vivo screening tests.

Cases of poisoning from nitrotoluene are uncommon. They are reported only from early production units and relate to
mixed exposures. The signs of intoxication included cyanosis, difficulties in breathing and tachycardia. In the recent
open literature reports of human poisoning could not be identified.

Environment

4-Nitrotoluene has a melting point of 51.3 °C, a boiling point of 238 °C and a density of 1.29 g/ml at 20 °C. It has a
vapour pressure of 13 Pa at 20°C. The log Kow is 2.37 . The solubility in water is 345 mg/1 at 20 °C. The flash point
is ca. 103 °C, the auto flammability (ignition temperatur) 450 °C.

With regard to its chemical structure 4-nitrotoluene is not expected to hydrolyse under environmental conditions.
During 8 days of a stability experiment at pH 8 and 25 °C about 6 % of 4-nitrotoluene (purity of 99.5 %) were lost
in water.

According to Mackay level I fugacity model the main target compartments for 4-nitrotoluene are air (63.6 %) and
water (35 %). A measured Henry’s law constant of 0.57 Pa-m*-mol™ indicates a moderate potential for volatilization
of 4-nitrotoluene from aqueous solution. In the atmosphere 4-nitrotoluene is degraded due to indirect photolysis
(ti2air: 20.8 days) and direct photolysis. In surface waters the half life is estimated to be 6 hours due to
photodegradation.

Since in the MITI-test, only 0.8 % of 4-nitrotoluene were mineralised within 14 days, 4-nitrotoluene is not readily
biodegradable. Nevertheless studies on inherent biodegradation show 4-nitrotoluene to be biodegradable under
aerobic conditions with adapted bacteria (degradation 100 % after 21 d including 10 d adaptation).

Bioconcentration factors determined for fish were in the range of 3.7 — 27 and thus indicate no significant
bioaccumulation potential of 4-nitrotoluene. Binding to soil organic matter has been calculated with Koc = 309. 4-
Nitrotoluene can be regarded as a substance with medium geoaccumulation properties. The adsorption constants of
4-nitrotoluene were 5 - 45 1/kg on three clay minerals indicating a low adsorption by clays.

Concerning the acute toxicity of 4-nitrotoluene towards aquatic species reliable experimental results of tests with
fish, daphnids, and algae are available.

The acute fish toxicity was 10.5 mg/l for Carassius auratus (48 h-LCs), ca. 40 mg/l for Cyprinus carpio (96 h-LCs),
50 mg/1 for Pimephales promelas (96 h-LCs), and 74 mg/l (48 h-LCs) for Oryzias latipes. For Daphnia magna 48
h-ECso-values of 4.2, 7.5, and 11.8 mg/l were found. In the algae growth inhibition tests with Chlorella pyrenoidosa
the 96 h-ECs, was 22.2 mg/l, and with Scenedesmus obliquus the 48 h-ErCs, was 25 mg/1.

The long-term toxicity to fish (Oryzias latipes, Poecilia reticulata) for the endpoints mortality and swimming
behaviour, was evaluated by two 28 days tests. The NOEC values were 0.8 mg/l and 10 mg/l. A chronic toxicity test
for the endpoint hatching rate of Oryzias latipes yielded a 40 d-NOEC of 32 mg/l. For the endpoints mortality,
growth, and swimming behaviour of Oryzias latipes, a 40 d-NOEC of 1 mg/l were determined. Two chronic tests
with Daphnia magna are available. The 21 d-NOECs were 0.7 mg/l and 1 mg/l, respectively, both for the endpoint
reproduction rate. In a non-guideline study with the non-standard test species, the mollusc Lymnaea stagnalis, a
40 d-NOEC of 0.32 mg/l was determined for the endpoint reproduction. In the growth inhibition test with algae
(Scenedesmus pannonicus) no effect on biomass was observed at 10 mg/1 4-nitrotoluene after 4 days.

Based on the chronic aquatic toxicity data on three trophic levels (fish, invertebrate, algae), a Predicted No Effect
Concentration (PNEC) can be calculated with an assessment factor of 10. Using a 40 d-NOEC of 0.32 mg/l of
Lymnaea stagnalis, a PNEC of 32 ng/l was determined.

Exposure

About 77,000 tonnes of 4-nitrotoluene were produced worldwide in 2000; Western Europe 30,000 t/a, China 26,000
t/a, US 9,000 t/a, Eastern Europe 5,000 t/a, India 4,000 t/a, and South Korea 3,200 t/a. The total manufacturing
capacity of the lead company amounts to 28,000 t/a in 2000.

4-Nitrotoluene is a basic chemical for the synthesis of intermediates which are further processed to optical
brighteners, coloring agents, pharmaceuticals, and agrochemicals, and others within the chemical industry. A direct
use is not known.
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From the production and processing site of the lead company virtually no 4-nitrotoluene was emitted into the
environment in 2001. Taking into account the detection limit (2 pg/l), the 10 percentile of the river flow (1050 m’/s),
and the dilution factor (700), for the receiving water a Predicted Environmental Concentration (PEC) of < 2.8 ng/l is
calculated.

In Gemany in 1999, the 90-percentile of the 4-nitrotoluene concentrations in the River Rhine was < 0.5 pg/l and in
the River Danube < 0.02 pg/l. For the River Elbe the maximum was 0.05 pg/l.

During manufacturing and processing of 4-nitrotoluene workers may be exposed through the inhalational, dermal
and oral routes. At the lead company the exposure of workers is well below the German Occupational Exposure
Limit of 5 ppm (28 mg/m?3). The levels of metabolic products of 4-nitrotoluene in workers are not higher than in the
unexposed population.

4-Nitrotoluene is formed during tobacco smoking. At former munition manufacturing sites or at historic landfills 4-
nitrotoluene might occur in groundwater and leachate. A significant indirect exposure of the general public via the
environment is however not expected.

RECOMMENDATION

The chemical is currently of low priority for further work.

RATIONALE FOR THE RECOMMENDATION AND
NATURE OF FURTHER WORK RECOMMENDED

Human Health:

The chemical possesses properties indicating a hazard for human health. Based on data presented by the sponsor
country, exposure is controlled in occupational settings, and is negligible for consumers. Any exposure scenario not
presented by the Sponsor country will have to be investigated, however.

Environment:

The chemical possesses properties indicating a hazard for the environment. Based on data presented by the Sponsor
country, exposure to the environment is anticipated to be low, and therefore this chemical is currently of low priority
for further work. Countries may desire to investigate any exposure scenarios that were not presented by the Sponsor
country, e.g. exposure from munitions dumps or former munitions sites.
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SIDS Initial Assessment Report

1 IDENTITY

1.1 Identification of the Substance

CAS Number: 99-99-0
IUPAC Name: 4-Nitrotoluene
Molecular Formula: C,H;/NO,

Structural Formula:

Synonyms: 1-Methyl-4-nitrobenzene
4-Methylnitrobenzene
4-Nitro-1-methylbenzene
4-Nitrotoluene
4-Nitrotoluol
Benzene, 1-methyl-4-nitro
p-Methylnitrobenzene
p-Nitrotoluene
p-Nitrotoluol
PNT

Toluene, p-Nitro

1.2 Purity/Impurities/Additives

Substance type organic compound

Physical status colourless to light yellow crystalline substance
Purity >99.5 % w/w (industrial grade pure substance)
Impurities 3-nitrotoluene

2-nitrotoluene*
dinitrotoluenes*
water

*Industrial product manufactured in the sponsor country is virtually free of these byproducts
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1.3

Physico-Chemical properties

4-Nitrotoluene has the following properties:

Table1 Summary of physico-chemical properties
IUCLID Parameter Value Source
Molar mass 137.13 Dalton
2.1 Melting point 51.3°C Verschueren, 1996
2.2 Boiling point at 1013 hPa 238 °C Verschueren, 1996
2.3 Density at 20 °C 1.29 g/cm? Verschueren, 1996
2.4 Vapour pressure 13Pa Auergesellschaft, 1988
at 20 °C
2.5 Octanol/water partition 2.37 (measured) Fujita et al., 1964
coefficient (log Koy)
at25°C
2.6.1 Water solubility 345 mg/l (measured) Bayer AG, 1987
at20 °C
Solubility in organic solvents | Soluble in most organic Booth, 2002
solvents
2.7 Flash point 103 °C (DIN 51758) Bayer AG, 2001
2.8 Auto flammability (ignition 450 °C Hommel, 1997
temperature)
2.14 Conversion factors for the 1 mg/m3 =0.18 ppm Verschueren, 1996
vapour phase 1 ppm = 5.70 mg/m’
2.14 Vapour density in relation to 4.72 Verschueren, 1996
air (= 1)
2.14 Decomposition Decomposes on heating CEC/IPCS, 2002
producing toxic fumes
(nitrogen oxides)
2 GENERAL INFORMATION ON EXPOSURE
2.1 Production Volumes and Use Pattern
Production

In Germany 4-nitrotoluene is manufactured in an industrial scale only at the Bayer AG Leverkusen
plant (Bayer AG, 2002a).

4-Nitrotoluene is produced continuously by nitration of toluene with a mixture of sulfuric acid,
nitric acid, and water. This gives a crude product of nitrotoluenes with the isomeric ratio of about
60 % 2-nitrotoluene, 35 % 4-nitrotoluene and 5 % 3-nitrotoluene. After separating the organic phase
with the nitrotoluenes from the aqueous phase, the washed and dried mixture is separated into the
isomers by fractionated distillation. The nitrotoluenes are produced and used in closed systems
Bayer AG, 2002a).

According to Srour (2002), the worldwide output can be estimated to about 77,000 t/a in 2000:
Western Europe 30,000 t/a, China 26,000 t/a, US 9,000 t/a, Eastern Europe 5,000 t/a, India
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4,000 t/a, and South Korea 3,200 t/a. At Bayer AG, the total production capacity of the nitrotoluene
isomers amounts to 80,000 t/a, with 4-nitrotoluene amounting to 28,000 t/a (Bayer AG, 2002a).

Processing and use

About 50 % of Bayer’s 4-nitrotoluene is processed by Bayer and the rest is sold to a limited number
of customers (chemical companies in Europe and Asia; Bayer AG, 2002a).

4-Nitrotoluene is used as a basic chemical in the chemical industry for the manufacturing of
intermediates. The Western European market of 4-nitrotoluene breaks down to intermediates such
as 4-nitrotoluene-2-sulfonic acid (about 52 %), p-toluidine (about 33 %), 2-chloro-4-nitrotoluene
(about 11 %), and 4-nitrobenzoic acid (about 4 %) (Srour, 2002). These intermediates are further
used in the production of optical brighteners, coloring agents, pharmaceuticals, and agrochemicals
(Bayer AG 2002a). 4-Nitrotoluene occurs as an intermediate in the production of di- and
trinitrotoluenes but in general isolated 4-nitrotoluene is not used for the synthesis of these products
(e.g. 2,4,6-trinitrotoluene: Boileau et al., 2002). Although 4-nitrotoluene was repeatedly mentioned
as an intermediate for the production of fragrances, this application is neither mentioned in the latest
Ullmann encyclopedia (Booth, 2002) nor is it mentioned in the product review of Srour (2002). No
direct use of 4-nitrotoluene is known (Bayer AG, 2002a).

In Sweden 4-nitrotoluene is listed as a raw material (Swedish Product Register, 2002). There are no
data on 4-nitrotoluene in the Danish product Register (2002) and in the Norwegian Product Register
(2003). 4-Nitrotoluene is not mentioned in the Swiss product register (2001).

2.2 Environmental Exposure and Fate
Releases of 4-nitrotoluene into the environment may occur during its manufacturing and processing.

Information on exposure from manufacturing and processing of the chemical is available for the
Bayer AG production plant at Leverkusen, Germany (Bayer AG, 2002a).

The Bayer plant in Leverkusen is a dedicated system in which the three nitrotoluene isomers are
manufactured and separated. Bayer sells about half of its production as a chemical intermediate (see
above; Bayer AG, 2002a).

Manufacturing, processing, filling, and transport of 4-nitrotoluene are executed in closed systems
(e.g. transport via pipings, ISO-container [20 feet container] and rolling channel drums; sampling
without dead volume, gas-shuttle pipe for filling processes). Cleaning of the reactors takes place
only in the case of maintenance (see also 2.2 Human exposure; Bayer AG, 2002a). Concerning
transport, the European chemical industry established the cooperative program ICE (International
Chemical Environment) within the framework of Responsible Care. In the event of a distribution
incident, the chemical industry will provide information, practical help, and - if necessary and
possible - appropriate equipment to the competent emergency authorities in order to minimize any
adverse effects (CEFIC, 2003). The exhausts from manufacturing (with the exception of the
distillation) and processing of 4-nitrotoluene are connected to air washing units and thermal exhaust
purification plants. Exhausts of the distillation are led into air washing units followed by activated
carbon filters. Thus, at the Bayer AG production and processing site virtually no 4-nitrotoluene was
emitted into the atmosphere in the year 2001 (Bayer AG, 2002a).

Waste from the manufacturing and processing of 4-nitrotoluene is incinerated in an incinerator for
hazardous wastes (Bayer AG, 2002a).

At the Bayer AG production plant, wastewater with significant organic load is separated from
wastewater with minor load. The significantly loaded wastewater is extracted and the extract is
recycled to recover 4-nitrotoluene and other valued substances. The extracted wastewater is stripped
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and the remainder is lead to the Leverkusen industrial and municipal wastewater treatment plant,
together with the wastewater with minor load (Bayer AG, 2002a).

The concentrated sewage sludge is incinerated in a hazardous waste incinerator especially dedicated
to this sludge (Bayer AG, 2002a).

24 h/d, 365 d/a, the air and water emissions of the integrated production site at Leverkusen are
monitored by an Environmental Surveillance Group which operates independently of any
manufacturing unit. This group is equipped with mobile detectors for various potential emissions. It
also operates stations with measuring and sampling devices for air and water (Bayer AG, 2002a).

In 2001 in the effluent of the Leverkusen wastewater treatment plant, 4-nitrotoluene was neither
detectable by the daily monitoring with a detection limit of 20 pg/l nor by the weekly fine
monitoring with a detection limit of 2 pg/l (Bayer AG, 2002a).

The effluent of the Bayer Leverkusen plant passes into the Rhine. For the receiving water a PEC of
< 2.8 ng/l is calculated taking into account the 10 percentile of the river flow (1050 m’/s), the
dilution factor (700), and the detection limit (2 pg/l; Bayer AG, 2002a).

No information on environmental releases from other production and processing sites is available.

With a minimum limit of detection of 10 ng/l, 4-nitrotoluene was found neither in the influents nor
in the effluents of any of 27 Japanese wastewater treatment plants (Nasu et al., 2001).

4-Nitrotoluene has repeatedly been reported to occur in wastewater of munitions factories (Liu et
al., 1983; Toze and Zappia, 1999), and in leachates and groundwater from decommisioned munition
sites (Riigge et al., 1999; Toze et al., 1999; Weissmahr et al., 1999). At these sites 4-nitrotoluene
might be a byproduct of munition manufacturing (e.g. unreacted intermediate) or a degradation
intermediate of higher nitrated compounds.

2.2.1 Sources of Environmental Exposure

2.2.2  Stability and Abiotic Degradation

With regard to its chemical structure 4-nitrotoluene is not expected to hydrolyse under
environmental conditions.

The results of a stability experiment in non-aerated open vessels carried out by Canton et al. (1985)
show only a decay of the test compound (4-nitrotoluene, purity of 99.5 %) in the test medium of 6
% after 8 days at pH 8 and 25 °C. The experiment was performed as pre-test to ecotoxicity studies
with the intention to examine possible disappearance of 4-nitrotoluene from test solutions.

The indirect photochemical degradation in air by hydroxyl radicals is calculated via AOPWIN v.
1.90 with a half-life of 20.8 days (500,000 OH radicals/cm’ as a 24 h average; Bayer AG, 2002b).

Since 4-nitrotoluene significantly absorbs UV-B radiation [Molar absorptivity epsilon is 14,900 M
cm™ at 284 nm (Takahashi et al., 2001)], it is expected that 4-nitrotoluene will undergo direct
photolysis due to absorbance of environmental UV light, however, the respective half-life is not
known.

The photodegradation in the compartment water was investigated by Simmons and Zepp (1986), a
half-life of 5.9 hours can be derived under the conditions of latitude 40°N in surface waters. It has
to be kept in mind that this half-life cannot be transferred directly to environmental conditions
because the photolytical active zone is only close to the surface of surface waters due to turbidity
and absorption.
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2.2.3 Biodegradation

Based on the available experimental data 4-nitrotoluene is not readily biodegradable but inherently
biodegradable. In a modified MITI I test according to OECD guideline 301 C a non adapted mixed
microbial inoculum mineralised 0.8 % of the initial test substance concentration within 14 days
(MITI, 1992).

With adapted activated sludge from an industrial sewage treatment plant a test on inherent
biodegradation was conducted. The procedure followed the OECD guideline 302 B. After 21 days
(10 days adaptation) 100 % of the initial concentration were removed (Wellens, 1990).

A test on inherent biodegradability was conducted by Pitter (1976). The test design is comparable to
the Zahn-Wellens-test. The test substance 4-nitrotoluene in a concentration of 200 mg/l COD was
the sole source of carbon. Activated sludge from a sewage treatment plant adapted for 20 days to 4-
nitrotoluene was used as inoculum in a concentration of 100 mg/l dry matter. Based on COD
measurement a removal of 95 % within 5 days was obtained in an open system.

The distribution and elimination of 4-nitrotoluene in a sewage treatment plant (microorganisms
adapted to 4-nitrotoluene) with primary sedimentation and a sludge loading rate of 0.15 kg BOD/kg
dry matter/d was estimated according to the model Simple Treat 3.0 (Struijs, 1996). With a
degradation rate constant of 0.1 h™ (derived from the test by Pitter according to the EU Technical
Guidance Document), a Henry constant of 0.57 Pa m® mol ' and a log K, of 2.37 the following
results were obtained (Bayer AG, 2003a):

% to air 0.8
% to water 56.2
% to sludge 43
% degraded 38.6
% removal (sum of losses to air, removal with sludge and | 43.8
degradation)

Thus under the conditions of an industrial sewage treatment plant the substance will be eliminated
mainly by biodegradation. Elimination by adsorption to sewage (see below) and volatilization seem
to be less important.

In the Leverkusen industrial and municipal wastewater treatment plant the one-time maximum
influent concentration was 0.6 mg/l (24 h sample), whereas in the corresponding effluent the 4-
nitrotoluene concentration was below the detection limit of 2 pug/l (Bayer AG, 2002a). The
elimination of the Leverkusen industrial and municipal wastewater treatment plant exceeds 99 %.
This removal cannot be transferred to other sewage treatment plants due to possible different
wastewater composition and adaptation processes.

In several experiments with activated sludge 4-nitrotoluene was degraded under conditions which
mimicked these of sewage treatment plants (Hallas and Alexander, 1983; Struijs and Stoltenkamp,
1986). Various examinations of former ammunition sites indicate that 4-nitrotoluene can be
degraded by microorganisms in the environment. (Best et al., 2001; Spain et al., 1999; Wikstrom et
al., 2000)

2.2.4 Environmental Distribution

According to the Mackay Fugacity Model Level I (input parameter. vapour pressure 13 Pa, water
solubility 345 mg/l, log K, 2.37), the main target compartments for 4-nitrotoluene are the air with
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63.7 %, and the hydrosphere with 35.0 %, followed by the soil and sediment with each 0.65 %
(Bayer AG 2002b). The measured Henry constant is 0.57 Pa m* mol™' (Altschuh et al., 1999) and
indicates a moderate potential for volatilization from surface waters according to the scheme of
Thomas (1990).

No test result on geoaccumulation is available. Binding to soil organic matter has been calculated
with Koc = 309 (Bayer AG, 2002b). Thus it is supposed that 4-nitrotoluene would adsorb slightly to
sewage sludge, suspended solids, and sediment in water. According to Litz (1990) 4-nitrotoluene
can be regarded as a substance with medium geoaccumulation properties. Haderlein et al. (1996)
report adsorption constants of 5 - 45 1/kg of 4-nitrotoluene on three monoionic K+ clay minerals
indicating a low adsorption by clays.

Measured bioconcentration factors (BCF) determined for fish (Cyprinus carpio) according to
OECD guideline 305 C, were in the range of 3.7 — 8.0. 4-Nitrotoluene concentrations of 0.01 and
0.1 mg/l were tested (MITI, 1992). Another experimental BCF value of 27 is available by Canton et
al. (1985) (no information on test concentration). Thus no significant potential for bioaccumulation
of 4-nitrotoluene in aquatic organisms is indicated.

2.2.5 Environmental Monitoring

Throughout Germany a comprehensive monitoring program on several chemicals in surface waters
has been realised to check whether the limit values are not exceeded. For 1999 the following values
were obtained:

- River Danube: <0.02 pg/l (90-percentile)
- River Rhine: <0.5 ug/l (90-percentile)
- River Elbe: 0.05 pg/l (maximum)

For 4-nitrotoluene the limit values in surface waters have been set at 70 pg/l to protect aquatic life
and at 10 pg/l to protect drinking water. These values have not been exceeded in the years 1996 -
2000 (Bundesministerium fiir Umwelt, Naturschutz und Reaktorsicherheit, 2001; update by
Umweltbundesamt, 2002).

At former munition manufacturing sites or at historic landfills nitrocompounds (including 4-
nitrotoluene from munition) might occur in groundwater and leachate at considerable levels (Toze
et al.,, 1999; Weissmahr et al., 1999; Riigge et al., 1999). From the aforementioned data it is
concluded that these contaminations are important only on a local scale. However, munition sites
and munition manufacturing are not in the focus of this study.

There is no information on the release of 4-nitrotoluene into the environment from other products.

Minor amounts of 4-nitrotoluene are formed photochemically in the atmosphere (for 2-nitrotoluene
see Calvert et al., 2002).

23 Human Exposure

2.3.1  Occupational Exposure

Workplaces
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Workers may be exposed to 4-nitrotoluene during manufacture and processing of the chemical with
the dermal and the respiratory routes being the main routes of potential exposure. At the Bayer
manufacturing site, workplaces where 4-nitrotoluene is manufactured or processed include

Manufacturing processes: Nitration of toluene to nitrotoluenes, phase separation and distillation

Processing: The reduction to p-toluidine, the sulfonation to 4-nitrotoluene-2-sulfonic acid, and the
chlorination yielding 2-chloro-4-nitrotoluene.

For on-site processing, 4-nitrotoluene is transported in pipelines.

About half of the 4-nitrotoluene is sold as a commercial product to professional (industrial)
customers for further chemical processing. To these customers 4-nitrotoluene is transported in [SO
tank containers or metal drums. Bulk volumes of 4-nitrotoluene are transported in a molten state at
about 100 °C (Bayer AG, 2002a).

A leakage in the production and processing units would probably be recognized due to the strong
odour of the nitrotoluenes and - in the nitration unit - due to the odour and highly visibility of
nitrous gases (Bayer AG, 2002a).

Workplace surveys are regularly performed according to the German Technical Guidance TRGS
402 (AGS, 1997). This includes regular inspections of the working areas for any potential exposures
to dangerous substances at different work situations and appropriate control measures.

To protect workers from exposure, several precautionary and protective measures are taken. These
measures include technical equipment like suction devices at the filling and sampling stations as
well as appropriate personal protection equipment which is prescribed in detail for different work
situations (e.g. during sampling, maintenance, and repair work). For sampling, devices without dead
volume are used, and the persons involved have to wear goggles and gloves. Depending on the
work to be done during maintenance, gas filter masks or a respirator with independent air supply
have to be used as well as full protective clothing.

Down stream (industrial) users of 4-nitrotoluene are informed by way of a material safety data sheet
on the recommended safety measures (Bayer AG, 2002a).

Biological monitoring

The levels of 4-toluidine-adducts in blood and of 4-toluidine in urine are measured at least once a
year in each worker of the 4-nitrotoluene manufacturing plant of the Bayer AG as part of the Bayer
health surveillance program. The measured values for hemoglobin-adducts were not higher than in
the unexposed population (Bayer AG, 2003b). It is noted here that the internal 4-toluidine-level is
associated with smoking habits (Richter, 1996).

Average levels of 4-toluidine-adducts in blood and of 4-toluidine in urine were:

Worker Nitration |Worker General General
2002 Distillation 2002 |Population Non- |Population
Smoker Smoker
4-Toluidine-adducts in blood |11 (max. 40) <20 26 70
(ng/)
4-Toluidine in urine (pg/1) <2 <2
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Exposure of users of final products

In the sponsor country, 4-nitrotoluene is exclusively used as an intermediate for chemical synthesis
(cf Chapter 2 / Processing and use). No direct use is known (Bayer AG, 2002a). Residual levels of
4-nitrotoluene in Bayer products, e.g. 2-chloro-4-toluidine and 4-toluidine are below the detection
limit of 100 ppm (Bayer AG, 2002a).

Exposure of the general public

The only known use of 4-nitrotoluene is that as an industrial intermediate (Bayer AG, 2002a). Since
residues of 4-nitrotoluene will be reduced in the production chain, e.g. during hydrogenations,
distillations, and phase separations, final products are generally free of 4-nitrotoluene.

However, 4-nitrotoluene is formed during tobacco smoking (Hoffmann and Rathkamp, 1970).

In the USA, in 7 air and 6 dust samples taken in residential homes and commercial areas like offices
and a plastics melting and gluing workplace, 4-nitrotoluene was not detected by gas
chromatography/mass spectrometry at a detection level of 0.0127 pg/sample (Rudel et al., 2001).

At former munition manufacturing sites or at historic landfills nitrocompounds (including 4-
nitrotoluene from munition) may occur in groundwater and leachate at considerable levels (Toze et
al., 1999; Weissmabhr et al., 1999; Riigge et al., 1999). However, from the aforementioned data it is
concluded that these contaminations are important only on a local scale.

Based on the very low emissions of 4-nitrotoluene into air and water by the manufacturing and
processing plants in the sponsor country (cf Chapter 2.1), and the low potential for
bioaccumulation, a significant indirect exposure of the general public via the environment is not
expected.

3 HUMAN HEALTH HAZARDS
3.1 Effects on Human Health

3.1.1 Toxicokinetics, Metabolism and Distribution

Nitrotoluenes are readily absorbed via the gastrointestinal tract, the lungs and, to a lesser extent, via
the skin (BUA, 1989). 4-Nitrotoluene is rapidly distributed throughout the body (Sipes and Carter,
undated). Excretion takes place principally via the urine (> 80 % within 72 hours), and only small
amounts are eliminated in the feces (2 - 5 %). In rats, enterohepatic circulation was also observed.
Excrection via exhaled air, however, does not seem to be a relevant route of elimination (Chism et
al., 1984; Chism and Rickert, 1985; U.S. Department for Health and Human Services, 2002).

In the urine of rats, the major metabolites were identified as 4-nitrobenzoic acid (30 - 45 % of the
administered dose), 4-acetamidobenzoic acid, and 4-nitrohippuric acid, whereas in mice the main
metabolic pathway was ring hydroxylation and conjugation with glucuronide and sulfate. p-
Nitrobenzyl mercapturic acid was found only in rats, indicating that a potentially reactive
benzylating agent is formed during metabolism of 4-nitrotoluene in rats (U.S. Department for
Health and Human Services, 2002).

No relevant differences were found in the urinary metabolite profiles after nine daily doses of
200 mg/kg bw to that seen after a single dose (U.S. Department for Health and Human Services,
2002).
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The ratios of urinary 4-nitrobenzoic acid to creatinine and urinary 4-acetamidobenzoic acid to
creatinine were followed as biomarkers of exposure in a 2 year carcinogenicity study, and were
found to be linearly related to dietary doses of 4-nitrotoluene in rats (U.S. Department for Health
and Human Services, 2002).

Involvement of enterohepatic circulation of 4-nitrotoluene metabolites (mainly nitro-
benzylglucuronides) was observed in rats. The nitro groups of the metabolites secreted with the bile
are reduced by intestinal bacteria and subsequently reabsorbed while generating reactive products in
the liver (BUA, 1989).

Conclusion

4-Nitrotoluene is rapidly absorbed via skin, gastrointestinal or respiratory tract, and distributed
throughout the body. The primary metabolic pathway is side-chain or ring oxidation and
conjugation with glucuronic acid and inorganic sulfates with subsequent renal excretion. In rats, the
involvement of enterohepatic circulation was also observed.

3.1.2  Acute Toxicity

There is no study according to the current guidelines, but there are studies, which are adequately
documented and are considered of sufficient quality to allow an evaluation of this endpoint:

Oral

Groups of rats received different doses of 4-nitrotoluene ranging from 100 to 2,250 mg/kg bw in
polyethylene glycol 400. The LD50 was determined as > 2,250 mg/kg bw (Bayer AG, 1976). In
other rat studies, in which 4-nitrotoluene was administered in 1% aqueous methylcellulose, an
LD50 value of 3,200 mg/kg bw was found in females, and a value of 4,700 mg/kg bw in males
(Ciss, 1978; Ciss et al., 1980b). Clinical signs included poor condition, tachypnea, somnolence,
atony, convulsions and wheezing for up to 24 hours. Survivors appeared normal one week after
administration of the test substance. In a further study, an LD50 of 2,144 mg/kg bw was determined
in male rats, with cyanogenic effects reported at 3,400 mg/kg bw and above (DuPont Chem, 1972).

Dermal

Neat 4-nitrotoluene (up to 20,000 mg/kg bw) was applied to the clipped back of 3 rabbits and kept
in place by occlusive dressing for 24 hours. No rabbit died. No local or systemic effects were
reported during treatment or after removal of the dressing and the following 14-day period
(Kinkead, 1977). When applied as an emulsion in polyethylene glycol 400 at a dose level of
750 mg/kg bw to the back of 5 rats/sex/group, no deaths during the 24 hour treatment period and
during the one week observation period were noted, but the rats showed poor general condition
from 18 hours post application up to 4 days after application (Bayer AG, 1976). In a poorly
documented study with rats, application of up to 16,000 mg/kg bw caused methemoglobinemia of
up to 25 % within 72 hours which was reported to be reversible; no deaths occurred. No further
details were described (Sisa et al., 1959).

Inhalation

Five male rats and 10 male mice were exposed to 4-nitrotoluene dust for one hour and then
observed for 7 days to determine LC50-values. At the highest exposure level of 4,167 mg/m?, no
animal died and no signs of intoxication were noted during or post exposure (Bayer AG, 1976). In
other studies 10 rats and 10 mice were exposed to an atmosphere essentially saturated with 4-
nitrotoluene for four hours (rat: 152 ppm = 851 mg/m?; mouse: 228 ppm = 1,277 mg/m?®). No death
occurred during exposure or during the subsequent 14 day post exposure observation period. No
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lesions attributable to exposure could be discovered during gross pathological evaluation, neither in
rats nor in mice (Kinkead, 1977). For none of the studies was information on particle size available.

Conclusion

4-Nitrotoluene is a methemoglobin forming chemical. Tachypnea, wheezing, somnolence and
cyanosis were the predominant clinical signs following oral doses near to or exceeding the LD50
value. Methemoglobinemia was reported in rats after dermal exposure to high dose levels (LD50,
oral, rat: 2,144 — 4,700 mg/kg bw; LD50, dermal, rat: > 750 mg/kg bw; LD50, dermal, rabbit:
> 20,000 mg/kg bw; LC50, inhalation, rat: > 851 mg/m3/4h; no information on particle size
available).

3.1.3 Irritation
Skin Irritation

4-Nitrotoluene, moistened with polyethylene glycol 400, was not irritating to the skin of rabbits
when applied under semi-occlusive condition for four hours as described in OECD TG 404. The
mean Draize scores for edema and erythema were each “0” (Hoechst, 1986a).

Conclusion

4-Nitrotoluene is not irritating to the skin of rabbits (OECD TG 404).

Eye Irritation

In a test according to OECD TG 405, 100 mg of neat 4-nitrotoluene was applied into the
conjunctival sac of the left eye of each of three rabbits. 24 hours later the eyes were rinsed. There
were no effects on cornea and iris, and only a slight redness (Draize scores between 1 and 2) was
noted at 1 and 24 hours after instillation, which was completely reversible within 48 hours
(Hoechst, 1986b)

Conclusion

4-Nitrotoluene is not irritating to the eyes of rabbits (OECD TG 405).

3.1.4 Sensitisation

4-Nitrotoluene was not sensitizing to the skin in a single injection adjuvant test (SIAT) performed
on 10 guinea pigs using intradermal injection of 0.001 pg/ml in complete Freund's adjuvans as
induction. After 13 days an occlusive patch soaked with 0.0026 pg 4-nitrotoluene / ml as challenge
was applied to the skin of the guinea pigs for 6 hours and the results were recorded 18 and 24 hours
after the removal of the patch (Roberts et al., 1983).

A Buehler test performed with 20 guinea pigs according to OECD TG 406 did not reveal any skin
sensitization (Chemfirst Inc., 1998). Induction was performed by dermal application of a 50 %
solution in acetone and a 10 % solution was used for challenge. Concurrent control guinea pigs
were treated with acetone alone. Animals treated with 1-chloro-2,4-dinitrobenzene (10/10 positive
at 24 and 48 hrs), or a-hexylcinnamaldehyde (10/10 positive at 24 hrs, 7/10 at 48 hrs) served as
positive controls.

Conclusion

4-Nitrotoluene was not sensitizing to the skin of guinea pigs in the Single Injection Adjuvant Test
(SIAT) and in the Buehler test (OECD TG 406).
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3.1.5 Repeated Dose Toxicity

4-Nitrotoluene has been tested in a variety of studies. Significant findings of the most relevant
studies are summarized in the following table:
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Table 2: Summary of repeated dose toxicity studies

Type Species Dose levels Effects Reference
13-week Rat F344/N - 0; 625; 1,250; 2,500, | 10,000 ppm: U.S. Department
dietary 5,000; 10,000 ppm | pile acids 1 of Health and
(m: 0;42; 82; 165, | m: testis degeneration, liver If;;gan Services,
342,723 mg/kg weight (abs) |, 8.1% Met-Hb :
bw/day) .
f: lengthened estrous cycle, )
(f:0,44; 82, 164; | liver weight (rel) 1, 9.0% Met- | Dunnick et
335, 680 mg/kg Hb al.,1994
bw/day)
> 5,000 ppm:
m: body weight |, liver weight
(rel) 1
> 1,250 ppm:
f: body weight |
> 625 ppm (LOAEL):
splenic hematopoiesis?
hemosiderin deposition,
congestion 1
m: o-2u nephropathy
13-week Mouse B6C3F1 - | 0; 625; 1,250; 2,500; | 10,000 ppm: U.S. Department
dietary 5,000; 10,000 ppm | f: body weight | of Health and
(m: 0; 131; 212; 439; [0 ] Human Services,
813, 1491 mg/kg  |= > pPUE 1992
bw/day) m: body weight | Dunnick et
(f: 0; 164; 320; 625; al.,1994
1075, 1634 mg/kg | 2 500 ppm: NOAEL
bw/day)
13-week Rat F33/N - 0; 90, 180, 360 360 mg/kg bw/day: Morrissey et al.,
gavage mg/kg bw/day m: terminal body weight | 1983
(in corn oil) absolute cauda epididymis,
absolute epididymis, absolute
testis weights |
relative testis weight |
sperm parameters: not affected
f: estrous length not affected
180 mg/kg bw/day: NOAEL
13-week Mouse / gavage 0; 40, 80, 160 mg/kg | 160 mg/kg bw/day: NOAEL Morrissey et al.,
bw/day (no adverse effects on male 1983
(in corn oil) reproductive organ weights,
sperm parameters, estrous
cycle)
26-week Rat Wistar - 0; 400 mg/kg 400 mg/kg bw/day: LOAEL Ciss et al., 1980a
gavage bw/day m: reduced body weight gain,
(susp. in 1% testicular atrophy, necroses of
methylcellulose) seminiferous tubules
mated in week 13 f, offspring: no apparent effects
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Type

Species

Dose levels

Effects

Reference

2-year

Rat F344/N -
dietary

0; 1,250; 2,500;
5,000 ppm

(m: 0; 55; 110; 240
mg/kg bw/day)

(f: 0; 60; 125; 265
mg/kg bw/day)

5,000 ppm:

body weight |

m: eosinophilic focif

m: testis degeneration,
interstitial cell adenoma |

f: oncocytic renal tubule
hyperplasia

>2,500 ppm
m: liver basophilic and clear
cell foci

f: eosinophilic liver foci
at 2,500 ppm only:

f: clitoris gland
adenomas/carcinomas 1

m: subcutaneous
fibromas/fibrosarcomas 1

> 1,250 ppm :LOAEL

m. f: splenic hematopoiesist,
hemosiderin deposition,
congestion; nasal and eye
discharge

m: o-2u nephropathy

f: body weight |

U.S. Department
of Health and
Human Services,
2002

2-year

Mouse B6C3Fa —
dietary

0; 1,250; 2,500;
5,000 ppm

(m: 0, 170, 345, 690
mg/kg bw/day)

(f: 0;155; 315; 660
mg/kg bw/day)

5,000 ppm:
m: hepatocyte syncytial
alterations

f: body weight |

> 1,250 ppm: LOAEL
m: body weight |,
m,f: alveolar bronchiolar

epithelialization 1 (no evidence
of viral infection)

U.S. Department
of Health and
Human Services,
2002

14-day,
immunotoxi-
city study

Mouse B6C3F1 -
gavage

0; 200; 400; 600
mg/kg bw/day
(females only)

>400 mg/kg bw/day:

swelling of hepatocytes
adjacent to the central veins, no
necroses

eosinophils 1, macrophage
activity 1

> 200 mg/kg bw/day:

Antibody response to sSRBC|,
CD4+ splenic T cells |,
delayed antigen response

Burns et al., 1994

m = male, f = female; rel = relative, abs = absolute; 1 = increase, | = decrease;
Met-Hb = methemoglobin; sSRBC = sheep red blood cells

In the 13-week feeding studies with rats (U.S. Department of Health and Human Services, 2002;
Dunnick et al., 1994), there were no effects on survival and decreased body weights were only
observed at the higher dose levels (= 5,000 ppm, corresponding to 342 mg/kg bw/day). In male rats,
o2u-globulin nephropathy was seen in all dosed groups, i.e. at > 625 ppm, corresponding to
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42 mg/kg bw/day. This type of nephropathy is species and gender specific and therefore not of
relevance for humans.

In the spleen, most of exposed male and female rats had increases in the incidences of
hematopoiesis, hemosiderin deposition and/or congestions at > 625 ppm, corresponding to
42 mg/kg bw/day in males and 44 mg/kg bw/day in females. High, systemically toxic doses induced
degeneration of the testis in males (at 10,000 ppm, corresponding to 723 mg/kg bw/day) , and an
increase in the length of the estrous cycle in females (at 10,000 ppm, corresponding to 680 mg/kg
bw/day). Thus a NOAEL for systemic toxicity could not be derived, The LOAEL is 625 ppm
(corresponding to 42 mg/kg bw/day in males and 44 mg/kg bw/day in females)

No relevant substance related lesions were seen in mice in 13 week feeding studies (U.S.
Department of Health and Human Services, 2002; Dunnick et al. 1994). The NOAEL based on
body weight reduction was 2500 ppm (approximately 439 mg/kg bw/day).

In the 2-year combined chronic toxicity and carcinogenicity studies with rats (U.S. Department of
Health and Human Services 2002), hematological data and clinical chemistry data were not reported
and could therefore not be considered for the NOAEL or LOAEL. a2u-Globulin nephropathy was
found in all exposed male dose groups, and there were increased incidences of mild hematopoietic
cell proliferation and pigmentation in the spleen of exposed male and female animals at
> 1,250 ppm, corresponding to 55 mg/kg bw/day in males, and to 60 mg/kg bw/day in females. In
livers of males and females, increased incidences of various types of altered cell foci were found at
> 2,500 ppm (corresponding to 110 mg/kg bw/day in males, and to 125 mg/kg bw/day in females).
Testicular degeneration was seen in high-dose male rats (at 5,000 ppm, corresponding to 240 mg/kg
bw/day). In the corresponding study with mice, hematological data and clinical chemistry data were
also not reported and could therefore not be considered for the NOAEL or LOAEL. Male and
female mice showed an increase in the incidence of alveolar bronchiolar epithelialization (without
evidence of a viral infection) at > 1,250 ppm (corresponding to 170 mg/kg bw/day in males and 155
mg/kg bw/day in females), and males an increase in the incidence of hepatocyte syncytial
alterations at 5,000 ppm (690 mg/kg bw/day). Thus a NOAEL for systemic toxicity could not be
derived neither for rats nor for mice, The LOAEL for both species is 1,250 ppm (corresponding to
55 mg/kg bw/day in male and 60 mg/kg bw/day in female rats and 170 mg/kg bw/day in male and
155 mg/kg bw/day in female mice, respectively).

4-Nitrotoluene has an influence