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Foreword
We are pleased to present this Risk Assessment Report which is the result of in-depth work
carried out by experts in one Member State, working in co-operation with their counterparts
in the other Member States, the Commission Services, Industry and public interest groups.
The Risk Assessment was carried out in accordance with Council Regulation (EEC) 793/931
on the evaluation and control of the risks of “existing” substances. “Existing” substances are
chemical substances in use within the European Community before September 1981 and
listed in the European Inventory of Existing Commercial Chemical Substances. Regulation
793/93 provides a systematic framework for the evaluation of the risks to human health and
the environment of these substances if they are produced or imported into the Community in
volumes above 10 tonnes per year.
There are four overall stages in the Regulation for reducing the risks: data collection, priority
setting, risk assessment and risk reduction. Data provided by Industry are used by Member
States and the Commission services to determine the priority of the substances which need to
be assessed. For each substance on a priority list, a Member State volunteers to act as
“Rapporteur”, undertaking the in-depth Risk Assessment and recommending a strategy to
limit the risks of exposure to the substance, if necessary.
The methods for carrying out an in-depth Risk Assessment at Community level are laid down
in Commission Regulation (EC) 1488/942, which is supported by a technical guidance
document3. Normally, the “Rapporteur” and individual companies producing, importing
and/or using the chemicals work closely together to develop a draft Risk Assessment Report,
which is then presented at a meeting of Member State technical experts for endorsement. The
Risk Assessment Report is then peer-reviewed by the Scientific Committee on Health and
Environmental Risks (SCHER) which gives its opinion to the European Commission on the
quality of the risk assessment.
If a Risk Assessment Report concludes that measures to reduce the risks of exposure to the
substances are needed, beyond any measures which may already be in place, the next step in
the process is for the “Rapporteur” to develop a proposal for a strategy to limit those risks.
The Risk Assessment Report is also presented to the Organisation for Economic Co-operation
and Development as a contribution to the Chapter 19, Agenda 21 goals for evaluating
chemicals, agreed at the United Nations Conference on Environment and Development, held
in Rio de Janeiro in 1992 and confirmed in the Johannesburg Declaration on Sustainable
Development at the World Summit on Sustainable Development, held in Johannesburg, South
Africa in 2002.
This Risk Assessment improves our knowledge about the risks to human health and the
environment from exposure to chemicals. We hope you will agree that the results of this indepth study and intensive co-operation will make a worthwhile contribution to the
Community objective of reducing the overall risks from exposure to chemicals.

1
2
3

O.J. No L 084, 05/04/199 p.0001 – 0075
O.J. No L 161, 29/06/1994 p. 0003 – 0011

Technical Guidance Document, Part I – V, ISBN 92-827-801 [1234]
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0

OVERALL CONCLUSIONS/RESULTS OF THE RISK ASSESSMENT

CAS No.

95-80-7

EINECS No.

202-453-1

IUPAC Name

Toluene-2,4-diamine

Overall results of the risk assessment:

(X)

i)

There is need for further information and/or testing

(X)

ii)

There is at present no need for further information and/or testing and for risk
reduction measures beyond those which are being applied already

(X)

iii) There is a need for limiting the risks; risk reduction measures which are already
being applied shall be taken into account
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Summary of conclusions:

Environment
Conclusion (i) There is need for further information and/or testing
This conclusion applies to the site dye1 that processes 2,4-TDA to dyes.
PEC/PNEC ratios for wastewater treatment plant, surface water and sediment are above 1 for
the scenario “processing of 2,4-TDA to dyes” at site dye1. As this scenario is fully based on
default values, improvement of the exposure data basis is possible. Information on TDA
emission from the production of dyes at this site should be provided.
Conclusion (ii) There is at present no need for further information and/or testing and for risk
reduction measures beyond those which are being applied already
This conclusion applies to the aquatic compartment and for wastewater treatment plants for all
other sites and the environmental compartments atmosphere and soil and secondary poisoning.

Human Health
Workers
Conclusion (i) (on hold) There is need for further information and/or testing
There is a need for better information to adequately characterise the risks regarding the
mutagenicity (germ cell mutagenicity) and developmental toxicity because the current
database does not adequately cover these endpoints. The collection of additional information
should, however, not delay the implementation of appropriate control measures needed to
address the concern related to other endpoints (conclusion (i) on hold).
Conclusion (iii) There is a need for specific measures to limit the risks
There is concern for mutagenicity (somatic cell mutagenicity) and carcinogenicity as a
consequence of dermal and inhalation exposure arising from all investigated occupational
exposure scenarios. Extensive technical and organisational reduction measures have already
led to very low levels of exposure. Carcinogenicity risk assessment was conducted with a
quantitative approach. Additionally a risk evaluation for this endpoint was done by
calculating with different levels of risk acceptance. The specific conclusions for the different
occupational exposure scenarios critically depend on the chosen level of risk acceptance. This
comparison may be helpful for risk managers in order to evaluate the necessity and priority of
further risk reduction measures beyond those that has already been successfully implemented.
There is concern for skin sensitisation as a consequence of dermal exposure arising from all
investigated occupational exposure scenarios. Risks of skin sensitisation are considered to be
small. However, because the corresponding risk cannot be quantified or excluded, a general
concern for skin sensitisation is expressed.
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Consumer
Conclusion (ii)

There is at present no need for further information and/or testing
and no need for risk reduction measures beyond those which are
being applied already.

Since a consumer exposure seems not to exist, a health risk of consumers is not expected.
Man exposed indirectly via the environment
Conclusion (i) (on hold) There is need for further information and/or testing
There is a need for better information to adequately characterise the risks regarding the
mutagenicity (germ cell mutagenicity) and developmental toxicity because the current
database does not adequately cover these endpoints. The collection of additional information
should, however, not delay the implementation of appropriate control measures needed to
address the concern related to other endpoints (conclusion (i) on hold).
Conclusion(iii) There is a need for specific measures to limit the risks
The risk assessment shows that the margin of exposure could be assumed to be sufficient for
mutagenicity (somatic cell mutagenicity) and carcinogenicity, but that risks cannot be excluded
at any exposure, as the substance is considered as genotoxic carcinogen.
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1

GENERAL SUBSTANCE INFORMATION

Identification of the substance
CAS-No.:

95-80-7

EINECS-No.:

202-453-1

IUPAC Name:

1,3-diamino-4-methylbenzene

CAS Index Name:

1,3-benzenediamine, 4-methyl-

Synonyma:

2,4-TDA
2,4-toluylenediamine
4-methyl-m-phenylenediamine
2,4-diamino-1-methylbenzene
toluene-2,4-diamine

Empirical formula:

C7H10N2

Molecular weight:

122.17 g/mol

Structural formula:

CH3
NH2

NH2

Commercial TDA consists of a mixture of 2,4- and 2,6-isomers. Therefore beside 2,4-TDA
the identification of 2,6-TDA is drawn up in the following:
CAS No.:

823-40-5

EINECS No.:

212-513-9

IUPAC Name:

1,3-Diamino-2-methylbenzene

CAS Index Name:

1,3-benzenediamine, 2-methyl-

Synonyma:

2,6-TDA
10
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2,6-toluylenediamine
2-methyl-m-phenylenediamine
2,6-diamino-1-methylbenzene
toluene-2,6-diamine
Empirical formula:

C7H10N2

Molecular weight:

122.17 g/mol

Structural formula:

CH3
NH2

H2N

Three 2,4-toluylenediamine-containing products are industrially important:
2,4/2,6-TDA (80/20)

with 80 % 2,4-TDA and 20 % 2,6-TDA (CAS Nr. 25376-45-8)

2,4/2,6-TDA (65/35)

with 65 % 2,4-TDA and 35 % 2,6-TDA

2,4-TDA

with around 99 % 2,4-TDA.

The products 2,4/2,6-TDA (80/20) and 2,4/2,6-TDA (65/35) are produced as mixtures.
If only TDA is mentioned in the text there is no information available about the composition.

Purity/impurities, additives
The 2,4-TDA may contain the following impurities:
Water

< 0.1 %

2,3-Toluylenediamine

< 0.2 %

Dinitrotoluenes

< 0.1 %

Sum of other organic compounds
(e.g. aniline, m-phenylenediamine)

< 0.5 %

Trace amounts of 2,5-TDA, 3,4-TDA and 3,5-TDA may be present.
11
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Physico-chemical properties
2,4-TDA
2,4-TDA is a clear colourless solid (at room temperature and normal pressure) with an
aromatic odour. Data on the physical and chemical properties are given in table 1.1.
Table 1.1:Data on the physical and chemical properties of 2,4 TDA
Melting point

99 °C 1)

I.I.I., 2000

Boiling point

288 °C 1)

I.I.I., 2000

Relative density

1.256 at 20 °C 2)

I.I.I., 2000

Vapour pressure

0.017 Pa at 25 °C 3)

I.I.I., 2000

Surface tension

not determined

Water solubility

38 g/l at 25 °C 4)

I.I.I., 2000

Partition coefficient

log Pow 0.074 at 25 °C 5)
log Pow 0.34 at 20 °C(calc)

I.I.I., 2000

Flash point

not determined

Auto flammability

not flammable up to the
melting point (99 °C) 6)

BAM, 2003

Flammability

not flammable 7)

I.I.I., 2000

Explosive properties

not explosive 8)

I.I.I., 2000

Oxidizing properties

no oxidizing properties 8)

I.I.I., 2000

Henry’s law constant

5.46.10-5 Pa.m3.mol-1

1)

DSC

2)

Pycnometer method

3)

substance is a solid

Further values for the vapour pressure at 150 °C (14.7 hPa), 160 °C (22.7 hPa) and 180 °C
(48 hPa) can be found in the literature (Milligan and Gilbert, cited in Kirk-Othmer,
Encyclopaedia of chemical technology, 1978) but information about the purity of the test
substance, the test method and the test conditions is missing. For the risk assessment the
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value of 0.017 Pa at 25 °C is recommended. This value is derived from an experiment using
the effusion method.
4)

The values for the water solubility cited in the safety data sheets are varying between 40.7
g/l and 50 g/l at 25 °C respectively 35 g/l and 37.8 g/l at 20 °C without further information.
For the risk assessment the value of 38 g/l at 25 °C is recommended. This value is derived
from an experiment using the flask method.

5)

The partition coefficient n-octanol/water was determined using the shaking flask method
and resulted in a logPow value of 0.07 at 25 °C. According to Leo Hansch the logPow is
calculated to be 0.34. For the risk assessment the experimental value is preferred. In the
literature (Hernandez, J.W.: Phenylenediamines. Federal Register,1982; vol. 47, no. 5) a log
Pow of 0.5 is cited. Due of the lack of information about the purity of the test substance, the
method and the test condition this value is not used for the risk assessment.

6)

After general state of knowledge an auto flammability according to A.16 is not to be
expected.

7)

According to A.10 the substance did not propagate combustion. The tests according to A.12
and A.13 were not conducted. Due to the properties and the handling of the substance it has
not to be assumed that flammable gases formate in contact with water or the substance has
pyrophoric properties

8)

No test conducted because of structural reasons
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2,6-TDA
2,6-TDA is a clear colourless solid (at room temperature and normal pressure). Data on the
physical and chemical properties are given in table 1.2.
Table 1.2 Data on the physical and chemical properties of 2,6 TDA
Melting point

103 – 105 °C 1)

I.I.I., 2001

Boiling point

289 °C 1)

I.I.I., 2001

Relative density

1.201 at 20 °C 2)

I.I.I., 2001

Vapour pressure

0.029 Pa at 25 °C 3)

I.I.I., 2001

Surface tension

no data available

Water solubility

54 g/l at 25 °C ( pH 8.4) 4)

I.I.I., 2001

Partition coefficient

log Pow -0.137 at 25 °C 5)
log Pow 0.34 at 20 °C(calc)

I.I.I., 2001

Flash point

not determined

substance is a solid

Auto flammability

not flammable up to the melting
range (103 - 105 °C) 6)

BAM, 2003

Flammability

not flammable 7)

I.I.I., 2001

Explosive properties

not explosive 8)

I.I.I., 2001

Oxidizing properties

no oxidizing properties 8)

I.I.I., 2001

Henry’s law constant

6.55.10-5 Pa.m3.mol-1

1)

DSC

2)

Pycnometer method

3)

Further values for the vapour pressure at 150 °C (21.3 hPa), 160 °C (33.3 hPa) and 180 °C
(76 hPa) can be found in the literature (Milligan and Gilbert, cited in Kirk-Othmer,
Encyclopaedia of chemical technology, 1978) but information about the purity of the test
substance, the test method and the test conditions is missing. For the risk assessment the
value of 0.029 Pa at 25 °C is recommended. This value is derived from an experiment using
the effusion method.

4)

In the safety data sheet of the Bayer AG a value of 60 g/l at 15 °C is qoted without any
information about the used method and the test conditions. For the risk assessment the value
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of 54 g/l at 25 °C is recommended. This value is derived from an experiment using the flask
method.
5)

The partition coefficient n-octanol/water was determined using the shaking flask method
and resulted in a logPow value of –0,137 at 25 °C. According to Leo Hansch the logPow is
calculated to be 0.34. For the risk assessment the experimental value is preferred.

6)

After general state of knowledge an auto flammability according to A.16 is not to be
expected.

7)

According to A.10 the substance did not propagate combustion. The tests according to A.12
and A.13 were not conducted. Due to the properties and the handling of the substance it has
not to be assumed that flammable gases formate in contact with water or the substance has
pyrophoric properties.

8)

No test conducted because of structural reasons.

2,4-/2,6-TDA(80/20)
2,4-/2,6-TDA is a clear colourless solid (at room temperature and normal pressure). Data on
the physical and chemical properties are given in table 1.3.
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Table 1.3 Data on the physical and chemical properties of 2,4-/2,6-TDA(80/20)
Melting point

80 - 90 °C

WHO, 1987

Boiling point

283 °C at 1011 hPa

Air Products, 1982

Relative density

1.2646 at 20 °C 1)

Bayer, 1995a

Vapour pressure

7.4 · 10-3 Pa at 20 °C

Air Products, 1990

Surface tension

72.68 mN/m at 20 °C 2)

Bayer, 1995b

Water solubility

42 g/l at 38 °C 3)

Air Products, 1990

Partition coefficient

not determined

substance is a mixture

Flash point

not determined

substance is a solid

Auto flammability

not flammable up to the melting
range (80 - 90 °C) 4)

BAM, 2003

Flammability

not flammable 5)

BAM, 2003

Explosive properties

not explosive 6)

BAM, 2003

Oxidizing properties

no oxidizing properties 6)

BAM, 2003

1)

Pycnometer method

2)

Ring method

3)

In the safety data sheet of the Bayer AG a water solubility of 100 g/l at 15 °C is cited. Due
to the lack of information about the purity of the test substance, the tes method and the test
conditions this value is not taken into account for the risk assessment.

4)

After general state of knowledge an auto flammability according to A.16 is not to be
expected.

5)

A.10, A.12 and A.13 were not conducted. From the results of the tests with 2,4-TDA and
2,6-TDA it has to be assumed that also 2,4-/2,6-TDA is not flammable according to A.10.
Due to the properties and the handling of the substance it has not to be assumed that
flammable gases formate in contact with water or the substance has pyrophoric properties

6)

No test conducted because of structural reasons.

The following risk assessment report is performed for 2,4-TDA in particular. Where
appropriate, data for 2,4/2,6-TDA (80/20) are considered.
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Classification
2,4 - TDA
• Classification according to Annex I of the directive 67/548/EEC - 26. ATP
Category 2 carcinogen
T

Toxic

R 45

May cause cancer

R 21

Harmful in contact with skin

R 25

Toxic if swallowed

R 36

Irritating to eyes

R 43

May cause sensitization by skin contact

N

Dangerous for the environment

R 51/53

Toxic to aquatic organisms, may cause long-term
adverse effects in the aquatic environment

• Proposal of the rapporteur
Classification as carcinogenic cat. 2, R 45 is confirmed on the basis of longterm studies in rats
and mice. Classification as toxic, R 25 and R 21 is confirmed on the basis of acute studies in
rats. Classification as sensitizing, R 43 is confirmed on the basis of animal data (Magnusson
Kligmann test).
Classification as irritant, R 36 is not confirmed. Reasons for the proposed change in labelling
of local effects: Draize eye irritation test demonstrated that pure toluene-2,4-diamine (2,4TDA) causes only slight conjunctival irritation in the eyes of rabbits. Therefore the substance
has not to be labelled.
Additional classification as
Mutagenic Cat 3
R 68

Possible risks of irreversible effects

Reprotoxic Cat 3
R 62

Possible risk of impaired fertility

R 48/22

Danger of serious damage to health by
prolonged exposure if swallowed.
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is proposed on the basis of
• positive in vitro and in vivo genotoxicity data (R 68)
• severe effects on sertoli cells of male rats (fertility impairment) in feeding studies (R 62)
• serious health effects consisting of liver lesions in male and female rats, induced the
development of chronic renal disease in F344 rats of both sexes (most marked in males),
and premature deaths of rats due to hepatotoxicity at ≥5.9 mg/kg bw/day (long-term
feeding study, NCI 1979);testicular atrophy at approximately 28 mg/kg bw/day (15 months
study, Stula and Aftosmis 1976) and inhibited spermatogenesis (66% reduction) associated
with a significant reduction in the weights of seminal vesicles and epididymides,
morphological damage of Sertoli cells as well as with a diminished level of serum
testosterone and an elevation of serum LH in male rats at doses of 15 mg/kg bw/day
(Thysen et al. 1985a, 1985b, Varma et al. 1988) (R48/25)

2,6-TDA
• Classification according to Annex I - 26. ATP
Category 3 mutagen
Xn

Harmful

R 68

Possible risks of irreversible effects

R 21/22

Harmful in contact with skin and if swallowed

R 43

May cause sensitization by skin contact

N

Dangerous for the environment

R 51/53

Toxic to aquatic organisms, may cause long-term
adverse effects in the aquatic environment

2,4-TDA/2,6-TDA (CAS-No. 25376-45-8)
• Classification according to Annex I of the directive 67/548/EEC - 26. ATP
Category 2 carcinogen
T

Toxic

R 45

May cause cancer

R 20/21

Harmful by inhalation and in contact with skin

R 25

Toxic if swallowed
18
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R 36

Irritating to eyes

R 43

May cause sensitization by skin contact

N

Dangerous for the environment

R 51/53

Toxic to aquatic organisms, may cause long-term
adverse effects in the aquatic environment

• Proposal of the rapporteur
Classification as carcinogenic cat. 2, R 45 is confirmed on the basis of longterm studies in rats
and mice. Classification as toxic, R 25 and R 21 is confirmed on the basis of acute studies in
rats. Classification as sensitizing, R 43 is confirmed on the basis of animal data (Magnusson
Kligmann test). Classification as irritant, R 36, is confirmed on the results of a test with
rabbits in which the mixture caused erythema and chemosis.
Classification as Xn, R 20 "Harmful by inhalation" is not further supported on the basis of
studies on rats and mice in which no mortality occurred after a 4 hour inhalation to a
concentration of about 5.57 mg/l.

Additional classification
The proposal for classification is based on data from a well conducted carcinogenicity study
in F344 rats (NCI, 1979, Cardy, 1979), and in addition from mid- and long-term diet studies
using Sprague-Dawley, ChP-CD and Wistar rats comparable to guideline studies with
acceptable
restrictions
(Ito
et
al.
1969,
Stula
and
Aftosmis
1976).
The critical adverse effects in rats of both sexes after long-term administration of 2,4-TDA
were hepatotoxity and chronic renal failure that contributed to a marked decrease in survival
at doses of ≥5.9 mg/kg bw/day. Hepatotoxic effects were shown as fatty degeneration,
cholangiofibrosis and liver cirrhosis (at ≥45 mg/kg bw/day, 36-week study; Ito 1969) as well
as focal necrosis of hepatocytes to severe, diffuse, toxic degenerative lesions in the liver (≥5.9
mg/kg bw/day, long-term study; Cardy 1979, NCI 1979). Nephrotoxicity observed at ≥5.9
mg/kg bw/day was characterised as chronic renal glomerulonephrosis with glomerular
atrophy and sclerosis, interstitial inflammation and fibrosis fibrosis, and tubular degeneration
and atrophy. Associated to the chronic renal disease, signs of secondary hyperparathryroidism
such as bone resorption and hyperplasia of parathyroid glands were markedly expressed.
Additionally, experimental data from feeding studies with rats have demonstrated that 2,4TDA induced dose related toxic effects on the testes. Testicular atrophy was observed at 28
mg/kg bw/day (15 months study; Stula and Aftosmis 1976). Disturbed spermatogenesis and
Sertoli cell damage, atrophy of accessory sex glands, reduced serum level of testosterone and
reflective increase in LH levels were associated to testis toxicity occurred at doses of 15
mg/kg bw/day (10-week feeding study; Thysen et al. 1985a, 1985b, Varma et al. 1988). Even
at the dose of approximately 5 mg/kg bw/day 2,4-TDA diminished sperm reserves indicating
a depression of spermatogenesis were noted (10-week feeding study; Thysen et al. 1985b).
The observed toxic effects such as mortalities and degenerative/necrotic lesions in liver,
kidney and in male gonads are serious health damage according to the criteria for R48 (Annex
VI of 67/548/EEC). They occurred at dosages below the R 48 guidance values, which is 50
19
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mg/kg bw/day (90-day oral toxicity study in rodents). These effects were observed in a doserelated pattern at ≥5.9 mg/kg bw/day (liver, kidney, mortality) and 5 mg/kg bw/day (male
reproductive system), respectively. Furthermore, there was clear dose-response relationship in
frequency, intensity and severity for the observed effects. According to the criteria of the
Directive 67/548/EEC, 2,4-TDA is proposed to be classified and to be labelled as Xn,
Harmful, R48/22 (Harmful: Danger of serious damage to health by prolonged exposure if
swallowed).
Classification as Mutagen category 3, R 68 (Possible risks of irreversible effects) is proposed
on the basis of positive in vitro and in vivo genotoxicity data of the constituent 2,4-TDA.
Classification as Reprotoxic category 3, R 62 (Possible risk of impaired fertility) is proposed
on the basis of severe effects of 2,4-TDA on sertoli cells of male rats (fertility impairment) in
feeding studies. Since 2,4-TDA is the major constituent of 2,4-/2,6-TDA, also this mixture of
isomers should be classified as Reprotoxic category 3, R 62.
Mutagen category 3
R 68

Possible risks of irreversible effects

Reprotoxic category 3
R 62

Possible risk of impaired fertility

R 48/22

Harmful: Danger of serious damage to health by
prolonged exposure if swallowed.

N

Dangerous for the environment
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2

GENERAL INFORMATION ON EXPOSURE

2.1

PRODUCTION

The following European companies are producers or importers of TDA (in alphabetic order):
Air Products, Manchester (UK)
BASF AG, Schwarzheide (DE)
Bayer AG, Brunsbüttel (DE)
Bayer AG, Dormagen (DE)
Bayer AG, Leverkusen (DE)
Bayer Shell Isocyanates N.V., Antwerpen (BE)
DOW, Porto Marghera (IT)
Rhodia Chimie, Le Pont du Claix (FR)
Rhodia Chimie, Lille (FR) (production of TDA was stopped in 2005)
Taking into account the production volumes provided by the companies, the total amount of
TDA produced in the EU is about 280,000 t/a for the year 1999/2000. Additionally, about
10,000 t/a are imported. No information is available about export volumes. Therefore, the
total volume of TDA handled in the EU amounts to 290,000 t/a.
As TDA is used as precursor for the synthesis for TDI (toluylene diisocyanate), TDA volumes
can be estimated on the basis of the TDI production capacities. From the reported figures of
TDI capacities, the production capacity for TDA in 1993 is calculated to 303,000 t/a in
Western Europe and 672,000 t/a world-wide. 76,000 t were exported from Western Europe in
the same year (SRI, 1994).
2.2

PROCESSING AND USE

In the EU, TDA is almost exclusively used as intermediate in the chemical industry to
produce TDI (toluylene diisocyanate). Several modification reactions can be carried out at
further following processing stages. According to SRI (1994) the modified or unmodified
toluylene diisocyanates are processed to the following products:
about 83 %
about 1.5 %
about 1.5 %
about 14 %

flexible foams, esp. for upholstery within the furniture and automobile industry
semirigid foams, esp. within the automobile industry for dashboards and head
restraints
rigid foams
non-foam application, e.g. cast and thermoplastic elastomers, microcellular
polyurethanes, coatings, sealants, adhesives, resins, millable gums and fibers

In addition to the production of TDI, the processing of TDA to diethyltoluylendiamine
(DETDA) and leather dyes is reported (BUA, 1995). According to information from industry,
the production of DETDA in the EU has stopped several years ago(Bayer 2002).
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Further processing leads to polyols (by reaction with ethylene oxide or propylene oxide) and
various azo dyes. As well uses as an epoxy resin curing agent are reported (Air Products,
1983). However, industry explained that this use is only of historic interest and that there is
no known commercial product containing free TDA that is used in the curing of epoxide
systems. In addition, also the use of products containing free TDA isomers in the dyestuffs
industry is no longer actual (Air Products, 2002).
From the information delivered by industry for this risk assessment, > 99% of the produced
and imported TDA is used as intermediate for the production of TDI. The pure 2,4-TDA
produced in the EU is used as intermediate for the production of dyes in the chemical
industry.
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3

ENVIRONMENT

3.1

ENVIRONMENTAL EXPOSURE

3.1.1

General discussion

3.1.1.1

Environmental releases

TDA is produced by catalytic reduction of dinitrotoluene. As water is a by-product of this
reaction, the process water will contain a certain amount of TDA.
The major part of the TDA is processed to toluylene-diisocyanate (TDI) by reaction with
phosgene, generally at the same sites (no data about TDA sales were submitted). This process
is performed in closed systems, equipment cleaning is done with non-aqueous solvents.
Therefore significant releases are not expected. There is no information about releases during
processing to non-TDI products.
TDA can be formed by hydrolysis of TDI under certain conditions. However, this reaction is
dependent on the ratio of TDI/water mixing: If the pure isocyanate is spilled into water,
polyurea is formed as the main product, while with small TDI amounts mixed with a great
excess of water TDA will be formed (Brochhagen, 1989a). Yakabe et al. (1999) also studied
the reaction of TDI with water under different conditions. They found that the conversion of
TDI to TDA is a function of loading of TDI and the stirring. With good stirring of TDI at
loadings below 10 mg/l the yield can be greater than 50 % while at the highest loadings used
(10,000 mg/l) it was below 1 %. At the technical processes however, the application of
cleaning water is avoided, so TDA releases are not expected.
Diffuse releases can occur from TDA or TDI (after hydrolysis) chemically reacted in
polyurethane or epoxy matrices during use and disposal of polymer products. Trace amounts
of residual monomers may be released via migration and leaching. Brown et al. (2001) tested
TDI-based flexible polyurethane foams for the release of TDA under methanogenic simulated
landfill conditions. A trace of free TDA was found initially in the leachate but the level
returned to background levels of TDA within 200 days. No evidence of the biodegradation of
the TDI-based foam was found under the conditions of these landfill simulations.
3.1.1.2

Degradation

3.1.1.2.1

Aquatic degradation

Biodegradation
Different tests on biodegradation showed that TDA is not readily biodegradable. In an OECD
Screening Test (OECD 301 E) using effluent from a municipal sewage treatment plant as
inoculum no biodegradation of 2,4-TDA was observed after 28 days. The same test was
conducted with effluent from an industrial sewage treatment plant. Also in this study no
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biodegradation was found after 28 days. (Bayer 1981a). In two MITI (I) tests also no
biodegradation of 2,4- and 2,6-TDA was achieved (Fujiwara, 1982, CITI 1992).
The biodegradation of 2,4-TDA was examined in a test according to OECD 301F using
domestic activated sludge as inoculum. For the parameters BOD, DOC and residual amount
an average biodegradation of 0%, 2 % and 1.4 %, respectively, was found (Yakabe, 1995).
However, biodegradation of 2,4-TDA reached 51% of theoretical CO2 yield over 36 days in
the Modified Sturm Test (OECD 301B), using an unadapted inoculum (Kim 2002).
A MITI(II)-test conducted with an inoculum from a laboratory sewage treatment plant fed
predominantly with municipal sewage resulted in a degradation of 4 % after 28 days for
2,4/2,6 -TDA (80/20) (Caspers et al.1986). A Zahn-Wellens-Test conducted with sludge from
an industrial sewage treatment plant as inoculum that is assumed to be adapted to TDA
showed a DOC elimination of 100 % after 6 days for 2,4-TDA and of 89 % after 28 days for
2,6-TDA (BASF 1993). Biodegradation related to COD was 93 % for 2,4-TDA and 85 % for
2,6-TDA.
With an electrolytic respirometer the primary degradation of 2,4-TDA and 2,6-TDA at
concentrations of 50 and 100 mg/l as well as the inhibition of nitrification was examined
(Snyder 1987). Industrial waste water that was adapted to aromatic amines was used as
inoculum in a concentration of 500 mg/l volatile suspended solid. After 26 days of incubation
at 35 °C, 2,4-TDA in both concentrations was degraded to 100 %. Nitrification was not
inhibited at 50 mg/l 2,4-TDA, but proceeded only to NO2-. However, at 100 mg/l 2,4-TDA
nitrification was almost completely inhibited. 2,6-TDA in concentrations of 50 and 100 mg/l
was only degraded to 23 % respectively to 12 % after 26 days. At both concentrations
nitrification was almost completely inhibited.
Asakura and Okazaki (1995) examined the biodegradation of 2,4-TDA by activated sludge
that was acclimated by different methods. First, the activated sludge that was cultured with
synthetic waste water (corn steep liquor) was acclimated to aniline (100 mg/l) for about one
month. The sludge was then exposed to the acclimation processes with aniline and TDA for
100 and 200 days. In addition, sludge was also acclimated to corn steep liquor and TDA for
200 days. To the so acclimated sludge 2,4-TDA was added and the respiration rate was
measured. It was found, that the respiration rate did not increase in the sludge acclimated for
100 days with aniline and 2,4-TDA. However, the sludge that was acclimated for 200 days
showed a considerable increase in respiration rate after addition of 2,4-TDA. On the other
hand, the sludge that was acclimated for 200 days with TDA and corn steep liquor showed no
increase in respiration rate.
With a fill-and draw type unit Matsui et al. (1975) examined the biodegradability of 2,4-TDA.
Activated sludge from an industrial waste water treatment plant was used as inoculum. As this
plant serviced several chemical manufacturers, the sludge was considered to be well
acclimatised to a variety of chemicals, including TDA. Biodegradation was measured as
decrease in COD and TOC over time. After 4 hours COD fell by 34 % from 105 mg/l to 69
mg/l. TOC decreased within 2 hours by 24 % from 58 mg/l to 44 mg/l and within 4 hours by
45 % from 58 mg/l to 32 mg/l.
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Sandridge (1984) found that due to different degradation behaviour the ratio of the two
isomers in the effluent of a sewage treatment plant may change in favour of 2,6-TDA.
The above cited tests show that 2,4-TDA and 2,6-TDA are only biodegradable by adapted
inocula.
From a Zahn-Wellens test conducted with industrial sewage sludge as inoculum it can be
concluded that both isomers are inherently biodegradable in industrial sewage treatment
plants. As 2,4-TDA was completely degraded within 6 days a rate constant of 0.1 h-1 can be
derived according to the TGD for industrial sewage treatment plants. For 2,6-TDA a rate
constant of 0 h-1 is deduced from the result of the Zahn-Wellens test according to the TGD as
the special criteria necessary for a rate constant of 0.1 h-1 are not fulfilled. The different
degradation behaviour of the two isomers is also confirmed by Snyder (1987) and Sandridge
(1984).

By measuring the influent and effluent concentration of 2,4- and 2,6-TDA from an industrial
sewage treatment plant an elimination of > 90 % for each isomer is indicated (Snyder 1987).
Because it is unclear whether these data are representative for industrial wwtps, this value for
wwtp elimination is not used in the further exposure assessment.
Results from biodegradation simulation tests in surface water are not available. Therefore the
rate constant have to be determined according to the TGD. As TDA is not biodegradable by
non-adapted microorganisms a rate constant of 0 d-1 for both isomers is assumed for this
compartment.
Photolysis
The UV-spectra (λmax at 295 nm for 2,4- and 289 nm for 2,6-TDA; Bayer 1992b) indicate
that direct photolysis in water may occur. In a test on photolytic degradation in aqueous
solution, a quantum yield of 0.0027 for direct photodegradation in polychromatic light was
determined and half-lifes were calculated (Bayer, 1997). According to the GC-SOLAR
program, the half-lives are 28.6 d in summer and > 1 year in winter (marginal conditions:
pure water from close to the surface, 10th degree of longitude, 50th degree of latitude, clear
sky, typical ozone concentrations in the atmosphere). According to the Frank & Klöpffer
program, the mean values of the half-lives range from 44 d in June to > 1 year in the winter
months (marginal conditions: pure water from close to the surface, stagnant water, geographic
and climatic conditions of 50th degree of latitude, no contribution of another mono- or
bimolecular elimination process). The estimated environmental photolysis half-lifes obtained
with the different models are well comparable. However, dullness and adsorption of surface
waters are not considered. Because of these effects, the photolytical active zone is only close
to the surface of real surface waters. Considering the total water body, the real environmental
half-lives should be at least one order of range higher than the calculated. Therefore, for the
exposure assessment degradation by direct photolysis is not considered.
Hydrolyis
Based on the molecular structure, hydrolysis is not to be expected under environmental
conditions.
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3.1.1.2.2

Degradation in soil

The microbial degradation of 2,4-TDA and 2,6-TDA in soil was investigated under aerobic
and anaerobic conditions using 14C labeled TDA (Cowen et al., 1996). The results show that
biodegradation started immediately after mixing with the aerobic soil. With the binding of the
amines to soil the degradation rate decreased later. The test indicates biodegradation for 2,4TDA and 2,6-TDA of 1.9 % and 2.7 % after 3 days, 4 % and 6.2 % after 7 days, 7.9 % and
11.1 % after 14 days, 10.8 % and 14.2 % after 28 days and 14.8 % and 18.1 % after 56 days,
respectively. During the latter period of the incubation some of the 14CO2 was lost, so the
results for 210 and 365 days must be rejected. The degradation rates indicate that
biodegradation slowed down after TDA had formed covalent bounds to humic substances (cf.
3.1.1.3.2). It is not possible to calculated a half-life for biodegradation of TDA in soil from
this test, but it can be assumed that TDA covalently bound to organic matter is degraded
almost similar to the humic acids themselves. Analogously to the investigations for 3,4dichloroaniline, a mean half-life of 1000 d can be assumed (cf. 3.1.1.3.2). Under anaerobic
methanogenic conditions no 14CH4 or 14CO2 was recovered after 73 days of incubation.
The biodegratation of 2,4- and 2,6-TDA was studied in anaerobic soils under a wide range of
redox conditions (West et al., 2002). Approximately 2 mg/kg dw of 14C-labeled TDA were
added to anaerobic laboratory batch microcosms containing 25 g soil and 10 ml of an aqueous
mineral medium. The laboratory microcosms were prepared using either a sand soil which
had a history of contact with leachates from a municipal solid waste landfill or a loamy sand
soil which has a history of contamination by various aromatic amine compounds. Using these
two soils and a wide range of redox conditions, the effects of soil texture and redox potential
on the biodegradation of TDA under anaerobic conditions were examined. Very limited
biodegradation of 14C-TDA was observed in the sand soil under anaerobic, denitrifying
conditions. After approx. one year microcosms containing the 14C-2,4-TDA produced
maximum average 14CO2 yields equivalent to 1.3 % mineralisation. Microcosms containing
the 14C-2,6-TDA produced maximum average 14CO2 yields equivalent to only 0.3 %
mineralisation within the same time period. The addition of a co-substrate, 2-aminobenzoic
acid (6 mg/kg), to the reaction mixtures appeared to enhance the mineralisation of TDA under
denitrifying conditions to 2.1 %. In the loamy sand soil under anaerobic, denitrifying
conditions yields of 14CO2 from the combined 2,4/2,6-TDA isomers reached maximum levels
equivalent to 1 % of the applied radioactivity. Yields of 14CO2 under Fe(III) reducing, sulfate
reducing and methanogenic conditions remained < 1 % of the applied radioactivity after 374
d.
3.1.1.2.3

Degradation in sediments

There are no data available on biodegradation of TDA in sediments. For the oxic sediment
layer, the same raction half-life (1000 d) as for soils is used. As according to the TGD 10 %
of the sediment compartment is considered to be aerobic, in the following exposure
calculations a half-life of 10,000 days is assumed for the sediment compartment.
3.1.1.2.4

Atmospheric degradation
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In a test on photochemical-oxidative degradation in the atmosphere the reaction constant with
OH-radicals was determined (Becker et al, 1988). From this half-lives of 2 h for 2,4-TDA and
< 3.8 h for 2,6-TDA can be calculated (COH = 5.105 molec/cm3).
3.1.1.3

Distribution

(for calculations cf. appendix A1)

3.1.1.3.1

Volatilisation

With a Henry's law-constant of 5.46.10-5 Pa.m3.mol-1 for 2,4-TDA and of 6.55.10-5
Pa.m3.mol-1 for 2,6-TDA no significant volatilization from water is expected.
3.1.1.3.2

Adsorption

Experiments with radiolabelled 2,4-TDA and 2,6-TDA revealed that the substances form
covalent bonds with the organic fraction in soil. Two soils, a sandy loam and a silt loam were
used for the experiments. Under both aerobic and anaerobic conditions sorption of 2,4-TDA
was shown to proceed in two steps, an initial rapid sorption followed by a slower sorption that
was not even completed after 7 days of contact. Because the behaviour for both soils was very
similar, the values for both have been averaged. The Kd-values for 2,4-TDA were determined
to 19.4 l.kg-1 after 8 hours and 142 l.kg-1after 7 days for aerobic conditions. The values for
anaerobic conditions are 12.6 l.kg-1 and 63 l/kg after 8 h and 7 d, respectively. The sorption
curves for 2,6-TDA are similar to that of 2,4-TDA. The Kd values for 2,6-TDA were
determined to 10.9 l.kg-1 after 8 hours and 110 l.kg-1 after 7 days for aerobic conditions. The
values for anaerobic conditions are 8.3 l.kg-1 and 37 l.kg-1 after 8 h and 7 d, respectively
(Cowen et a., 1996). As TDA sorption to soil proceeds via chemisorption to the organic
fraction, these Kd-values were normalised to the organic carbon content of the soil. The
following Koc-values are given by the authors:
Aerobic

Anaerobic

8h

7d

8h

7d

2,4-TDA

1339

9,763

884

4,454

2,6-TDA

757

7,805

567

2,571

It should be kept in mind that the term "Koc" generally describes the distribution of a
substance between the pore water and the organic matter when the substance is physically
bound; if chemisorption occurs the use of this term is not quite correct.
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The sorption of TDA in anaerobic soils under a wide range of redox conditions was studied
by West et al. (2002) (cf. 3.1.1.2.2). Approximately 2 mg/kg dw of 14C-labeled TDA were
added to anaerobic laboratory batch microcosms containing 25 g soil and 10 ml of an aqueous
mineral medium. The laboratory microcosms were prepared using either a sand soil which
had a history of contact with leachates from a municipal solid waste landfill or a loamy sand
soil which has a history of contamination by various aromatic amine compounds. Using these
two soils and a wide range of redox conditions, the effects of soil texture and redox potential
on the covalent binding with organic matter and particle-associated adsorption processes of
TDA were examined. The covalent binding of TDA in soils followed first order reaction
kinetics, and the rate and extent of this process was highly dependent upon both soil texture
and redox potential. In laboratory microcosms containing sand soil and denitrifying microbial
activity, the 2,4-TDA isomer was more rapidly removed from the water phase than 2,6-TDA,
with half-lives of 37 days and 65 days, respectively. Addition of the combined TDA isomers
appeared to increase the sorption of 2,4-TDA (t1/2 of 13 days) while initially slowing the rate
of 2,6-TDA sorption (t1/2 of 75 days). In the loamy sand soil sorption was biphasic. In the first
phase half-lives for removal of each TDA isomer from the water phase were < 0.1 days. In the
second phase a half-life of 60 days was estimated.
The redox potential of the sand soil was lowered by adding an easily metabolisable carbon
source to the microcosms containing denitrifying, Fe(III)- and sulfate-reducing and
methanogenic populations. The binding of TDA to soils decreased in parallel with the
reduction of the soil redox. Half-lives for removal of TDA from the water phase were
estimated to 248 d (2,4-TDA) and 347 d (2,6-TDA) in the sand soil under stimulated
denitrifying conditions. In the microcosms under the other stimulated redox conditions, no
removal of TDA from the water phase through sorption occurred within one year. However,
introduction of oxygen to the systems after 216 days of incubation resulted in an immeadiate
removal of aqueous-phase radioactivity with half-lives in the range of 9 to 15 days.
From this study it can be concluded that microbially-mediated reduction of quinone
functionalities of natural organic matter is likely responsible for suppressing the irreversible
binding of TDA to soil poised under Fe(III) reducing, sulfate reducing and methanogenic
conditions. Therefore, TDA has the potential to remain unbound if releases to highly reduced
soil or sediment environments.
The chemical binding effects are already well-known as a property of MDA and 3,4dichloroaniline and are described in detail in the respective environmental risk assessment
reports in the scope of the first EU priority list.
With a “Koc” of 9,763 l.kg-1 for 2,4-TDA and a “Koc”-value of 7,805 l.kg-1 for 2,6-TDA, the
following distribution constants are calculated in accordance to the TGD models:
Table 3.1: Distribution constants for 2,4-TDA:
Ksoil-water

3. -3
293 m m

Kpsusp 976 l.kg-1

Ksusp-water

245 m3.m-3

488 l.kg-1

Ksed-water

245 m3.m-3

Kpsoil

Kpsed

.

-1

195 l kg
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Table 3.2: Distribution constants for 2,6-TDA:
156 l.kg-1

Ksoil-water

234 m3.m-3

Kpsusp 780 l.kg-1

Ksusp-water

196 m3.m-3

390 l.kg-1

Ksed-water

196 m3.m-3

Kpsoil

Kpsed

3.1.1.3.3

Distribution according to Mackay level I

According to a level I fugacitiy model the follwing distribution between the different
environmental compartments can be estimated for 2,4-TDA
Table 3.3: Results of Mackay I calculation for 2,4-TDA
Compartment
air

2,4-TDA

2,6-TDA

< 0.01 %

< 0.01 %

water

4

5

sediments

32

32

soil

64

63

As input parameter the physical-chemical data described in chapter 1 were used except for the
log Kow. This value was recalculated from the experimentally determined “Koc” of 9,763
l/kg (2,4-TDA) resp. 7,805 (2,6-TDA) according to the equation given in the TGD (log Koc =
0.62 * log Kow + 0.85) to consider the binding of TDA to the organic fraction of soil and
sediment. The resulting log Kow of 5 and 4.9 was used for the fugacity model .
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3.1.1.3.4

Distribution in waste water treatment plants

According to the model SIMPLETREAT, the fate of the TDA isomers in wastewater
treatment plants (wwtps) is predicted as follows:
Table 3.4: Fate of the TDA isomeres in industrial wwtps
%

2,4-TDA

2,6-TDA

to air

0

0

to water

59

100

to sludge

0

0

degraded

41

0

removal

41

0

Although both isomers show a high binding potential to soil and sediments (Koc values 9,763
l/kg and 7,805 l/kg), no adsorption onto sewage sludge is assumed as for sewage sludge only
physical adsorption due to lipophilicity has to be considered, not chemical binding like in soil
and sediment (formation of covalent bindings to humic acids). This assumption is based both
on the absence of humic acid in the sewage sludge and on the short retention time of the
substance in the sewage treatment plant.
3.1.1.3.5

Accumulation

For 2,4-TDA a log Pow of 0.074 was measured. With this value a BCF can be determined
according to the TGD using the following equation:
log BCFfish = 0.85 ⋅ log Pow - 0.7
This leads to a BCF of 0.23 l.kg-1.
For 2,6-TDA a log Pow of –0.137was measured, leading to a BCF of 0.15 l.kg-1.
Experimental results on bioaccumulation are available for 2,4-TDA and for TDA (not
specified which isomer was used). At concentrations of 0.3 mg/l and 0.03 mg/l 2,4-TDA a
BCF of < 5 respectively < 50 l.kg-1 was determined for Cyprinus carpio (CITI 1992). Veith et
al. (1979) determined a BCF of 91 l.kg-1 for Pimephales promelas using a concentration of
TDA (unspecified isomer) in water of 1 µg/l. This value is difficult to interpret as it does not
fit into a correlation between measured BCF and log Kow for other aromatic amines (e.g.
MDA, aniline, 3,4-DCA). In addition, the analytical method employed to determine the water
concentration seems not adequate for TDA (extraction with hexane). By this method probably
the water concentration was underestimated and thus the BCF overestimated. Although the
authors state that the accuracy of the analytical method was examined by determining the
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recovery of known amount of chemical in water and tissue and that at least 90 % of the added
chemical was recovered, it is not clear whether this was really examined for every single of
the 30 tested chemicals, which are mainly unpolar chlorinated compounds for which the
extraction method is fully applicable. To consider these uncertainties, the BCF value of 91 is
not used for the risk assessment. Instead, a BCF value of 5 determined by CITI is used. This
value correlated very well with the values for other aromatic amines.
The bioavailability of the reaction product of TDA with humic acids was not examined.
Sediment studies performed with other aromatic amines having the same binding behaviour to
humic acids as TDA do not provide an unequivocal answer as to whether the bound
substances are bioavailable for benthic organisms.

3.1.2

Aquatic compartment (incl. Sediment)

3.1.2.1

Predicted environmental concentrations in water

Estimation of PEClocal / Generic approach
In the TGD, a generic exposure scenario for the release of intermediates during production
and processing into surface water is proposed. As > 99 % of the EU TDA volume is
processed to TDI, and the release factor during processing is assumed to be negligible, for
production and processing a total release factor of 0.3% into the sewage and subsequent
purification in a wwtp is assumed.
Using the highest single production capacity of 100,000 t/a (2,4/2,6-TDA (80/20)), an
emission duration of 300 d/a, an eliminatin in a wwtp of 41 % for 2,4-TDA and of 0 % for
2,6-TDA, a wwtp flow of 10,000 m³/d and a dilution factor of 40, a PEClocal of 1.68 mg/l
can be estimated according to the TGD model.

Estimation of PEClocal / Site-specific approach
For the calculation of the PEClocal, site-specific data were used as far as they were available.
In the absence of site-specific data default values from the TGD were used.
In almost all cases, 2,4-/2,6-TDA mixtures are produced. In the following exposure calculations it is assumed that the TDA load in the raw sewage has the same composition as the
technical product (80:20), although this is only a rough estimate because of differences in
water solubility of the two isomers, but there are no specific emission data available.
Because there are different wwtp elimination factors for both isomers, the ratio between the
two isomers in the effluent of the wwtp changes in favour of 2,6-TDA. For all but 1 sites the
effluent concentration of total TDA is given. To calculate from this value the influent
concentration and, based on this, the total releases into the waste water, the different
elimination of the two isomers in wwtp has to be taken into account. It can be calculated that
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the effluent concentration of total TDA is 67.2 % of the influent concentration according to
the following equation:
Ceff = 0.8·0.59·Cinfl + 0.2·Cinfl = (0.8·0.59 + 0.2)·Cinfl = (0.672)·Cinfl
With:

0.8: proportion of 2,4-TDA of total TDA in influent
0.2: proportion of 2,6-TDA of total TDA in influent
0.59: percentage of 2,4-TDA directed to water after treatment in wwtp

The Clocal is calculated from the Ceff according to the following equation:
Clocal = Ceff/D·(1+Kpsusp·SUSPwater·10-6)
D = EFFLUENTstp+FLOWriver/EFFLUENTstp
A maximal dilution factor of 1000 is used for emission into a river.
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Table 3.5 Estimated PECs and underlying data:
Site

Speciation of
product

life stage

site-specific data

default values

Ceffl.
[µg/l]

Clocal [µg/l]

Release factor
[t/t]
(emission into
wwtp)

A

80/20

prod. + proc. to TDI

effluent conc. for TDA, sewage flow

Dilution 1:100

< 10

< 0.0026

1.66·10-7

B

80/20

prod. + proc. to TDI

effluent conc. for TDA , sewage and
river flow;
(a max. dilution factor of 1000 is
used)

-

< 70

< 0.07

5.28·10-5

C

2,4-TDA

prod.

effluent conc. for TDA, number of
days, sewage and river flow

< 20

< 0.03

0.001

D

80/20

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow

-

9.4

0.58

1.2·10-6

E

80/20

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow

-

35.2

0.13

2.58·10-6

F

80/20

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow, no biological wwtp

-

300

0.3

3 10-6

G**

80/20

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow*, no biological wwtp

-

<3000

< 23.4

4.23·10-5

140

0.87

1.54 10-6

< 6.6l

< 0.065

2.5·10-6

H

80/20

prod. + proc. to TDI

conc. of TDA in process water,
dilution in wwtp,

elimination in wwtp,
dilution 1:100

* No exact river flow rate for the site is available. The used value was interpolated from a measured mean flow rate 10 km upstream and a measured mean flow rate 4 km
downstreams. 1/3 of the resulting value was used as low flow.
** This site stopped the production of TDA in 2005.
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For site G 2 Clocal were calculated. The first calculation is based on the information, that the
concentration of TDA in the effluent is below the detection limit of 3 mg/l. With this a Clocal
of 23.4 µg/l is estimated. Later on the TDA concentration was analysed for 1 day in the
effluent using a lower detection limit (25 µg/l). 9 measurements were performed, the
concentration ranged from 25 µg/l to 140 µg/l. As the measurements represent only one
prodution/processing day, as a worst-case approach the maximum value of 140 µg/l was used
to calculate the Clocal. This gives a value of 0.87 µg/l. The max. measured value of 140 µg/l
was also used for the derivation of the total releases and the release factor.
There is one river which receives the effluents from 2 sites. This can lead to environmental
concentrations which are higher than the Clocal figures calculated from single site emissions.
The sites B and C are in close vicinity, so the Clocal figures are added as a worst case
approach:
Sites

Σ Clocal [µg/l]

B,C

< 0.1

A total release of 2,286 kg/a to wastewater treatment plants and 220 kg/a directly to surface
water can be estimated from the available data. These figures are used as input for the
calculation of the regional PECs.
Release during processing to TDI
The imported volume of 10,000 t/a TDA is processed at unknown sites to TDI. No emissions
of TDA from this life-cycle step are to be expected (see chapter 3.1.1.1).
Release during processing to other products than TDI
The pure 2,4-TDA produced in the EU is used as intermediate for dye production in the
chemical industry. About 50 % of the 2,4-TDA produced in the EU is exported, the other
50 % are processed within the EU to dyes by one site. No information about releases into the
environment from this site is available. Therefore, a generic scenario using the default values
according to the TGD is calculated:
volume of 2,4-TDA processed to dyes: about 20 t/a
emission factor: 0.02 (table A3.3, T < 1000 t/a)
number of days: 20 d/a (table B3.2)
elimination in wwtp: 0.41 (default)
flow rate of wwtp: 10,000 m³/d (default)
dilution factor: 40 (default)
A Ceff of 1.18 mg/l and a Clocal of 30 µg/l is estimated for this site (dye1).
In addition, there is information from another site producing dyes from 2,4-TDA in the EU.
For this site, site-specific information is available. 3.61 t/a of 2,4-TDA is processed to dyes by
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this site. The following generic and site-specific information is used for the calculation of the
Clocal:
emission factor: 0.02 (table A3.3, T < 1000 t/a)
number of days: 20 d/a
elimination in wwtp: 0.41 (default)
flow rate of wwtp: 16000 m³/d (site-specific)
flow rate of receiving river: 70 m³/s (site-specific)
dilution factor: 380
A Ceff of 0.13 mg/l and a Clocal of 0.35 µg/l can be estimated for this site (dye2).
A total release to wwtp of 472 kg/a 2,4-TDA is estimated for this life-cycle-step.
Releases during the use of TDA subsequent products
The degradation of 14C-labelled polyester and polyether based polyurethane foams in
different media was investigated by Martens & Domsch (1981). When the foams were
exposed to a leachate from a refuse tip, no TDA was detected in the water phase after 3
months at 22°C. Only at a higher temperature (50°C), traces of TDA (corresponding
maximum 0.25% of 2,4- and 0.38% of 2,6-TDA content) were found.
A significant environmental exposure from these sources is not expected.
Sediments
Because of the binding properties of TDA onto humic substances, an accumulation of TDA
derivates in sediments cannot be excluded. As both isomers have different partitioning
coefficients, the calculation of the PEClocalsed has to be performed for both isomers
separatley and has then to be added. Due to the different elimination in wwtp, the ratio of the
two isomers in the effluent changes in favor of 2,6-TDA. As explained above, the effluent
concentration of total TDA can be calculated to 67.2 % of the influent concentration for the
80/20 isomer mixture. The proportion of 2,4-TDA to 2,6-TDA in the effluent can be
calculated to:
2,4-TDA : 2,6-TDA = (0.8·0.59) : (0.2·1) = 0.47 : 0.2
Therefore, the Clocalwater is composed of the two isomers in the ratio 70 % : 30 % (2,4-TDA :
2,6-TDA).
The PECsediment is calculated according to the following formula:

PECsed =

K susp−water
RHOsusp

⋅ PECaqua ⋅1000 l / m 3
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Using a Ksusp-water of 245 m3.m-3 and 196 m3.m-3 for 2,4- and 2,6-TDA, resp., and the
Clocalwater values for each isomer, the PEClocalsed are calculated from the water
concentrations as follows:

PEC sed =
+

245
⋅ (Clocalaqua ⋅ 0.7) ⋅ 1000 l / m 3
1150

196
⋅ (Clocalaqua ⋅ 0.3) ⋅ 1000 l / m 3
1150
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Table 3.6: Estimated PECsediment
Company

Clocalwater
[µg/l]

PEClocalsed
[µg/kg ww]

A

< 0.0026

< 0.52

B

< 0.07

< 14

C*

< 0.03

< 6.4

D

0.58

116

E

0.13

26

F

0.3

60

G*

< 23.4

< 4,686

0.87

174

H

< 0.065

< 13

Σ B,C

< 0.1

< 20.4

Processing
to dyes *:
30
Dye1
Dye2

0.35

6,390
74.5

* This site stopped the production of TDA in 2005.
** only 2,4-TDA is emitted

3.1.2.2

Monitoring

There are no monitoring data for the hydrosphere available.
3.1.3

Atmosphere

No significant releases of TDA into the atmosphere during production and processing to TDI
are expected. For a German site, an emission of 10 kg/a is stated, at further sites the exhaust
gases are incinerated. The TGD proposes a default value of 0 as release factor (appendix I,
table A1.1).
A study on the gas phase reaction of TDI with moisten air revealed that no TDA was formed
(Holdren et al., 1984). It can be concluded that a relevant TDA exposure does not occur from
TDI emissions.
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3.1.4

Terrestrial compartment

During production and processing of TDA, neither direct nor indirect releases into the soil are
expected to occur in a significant amount.
The degradation of 14C-labelled polyester and polyether based polyurethane foams in
composted municipal waste and parabrownish earth was investigated by Martens & Domsch
(1981). After 3 months at 22°C, no TDA was detected in both media. This is also confirmed
by the study of Brown et al. (2001) (cf. 3.1.1.1).
It can be assumed that no or only trace amounts of TDA are discharged during deposition of
polyurethane wastes on landfills.

3.1.5

Non compartment specific exposure relevant to the food chain

Because of the low accumulation of TDA in fish via water, the exposure route fish - fish
eating bird or mammal is likely to be not relevant. However, the reaction product of TDA
with sediment organics accumulates in sediments and is probably bioavailable. A
biomagnification via the route sediment - sediment dwelling worm – worm eating fish - fish
eating mammal or bird can not be excluded.
Due to missing experimental data on bioaccumulation with sediment dwelling organisms, a
quantitative assessment of secondary poisoning via this route cannot be performed for TDA
3.1.6

Regional Exposure

According to the Technical Guidance Document, generally the regional and the local PECs
have to be added to calculate the total PEC which is relevant for the environmental risk
assessment. This method is not appropriate for TDA, because of the following reason:
Point sources which are scattered over a large region cause the major releases into the
hydrosphere. The substance is only emitted into surface waters, and it is unlikely that the
emission of one site will reach a second source. Thus, it cannot be assumed that the sites are
emitting into a pre-polluted environment. Therefore, only local PECs are taken for the aquatic
risk assessment and the aqueous PEClocal are equated with the Clocal.
However, regional PECs should be calculated as input parameters for the indirect exposure of
man via the environment. For the estimation of the regional background concentration the
total release amounts into the environment from production of TDA are used.
The total emissions were estimated to 2,978 kg/a, consisting of 546 kg/a 2,4-TDA and 2,432
kg/a 80/20-TDA. From the 80/20 TDA 220 kg/a are released directly to surface waters.As the
two isomers have partly different physico-chemical properties and environmental behaviour,
the PECregional is calculated seperatley for the two isomers. The total releases for 2,4-TDA
are 2,492 kg/a and for 2,6-TDA 486 kg/a, from which 176kg/a 2,4-TDA and 44 kg/a 2,6-TDA
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are released directly to surface waters. These emissions are separated between the continent
and the region in the ratio 90:10:
Table 3.7: Environmental emissions of 2,4-TDA and 2,6-TDA
Continental releases (90 %) Regional releases (10 %)
2,4-TDA

2,243 kg/a (2,084 kg/a via 249 kg/a (232 kg/a via wwtp,
wwtp, 158 kg/a directly)
18 kg/a directly)

2,6-TDA

437 kg/a (397 kg/a via wwtp, 49 kg/a (45 kg/a via wwtp, 4
40 kg/a directly)
kg/a directly)

The following results were obtained (for the calculation see Appendix A2):
Table 3.8: Continental and regional PECs for 2,4-TDA, 2,6-TDA and total TDA:

2,4-TDA

2,6-TDA

Total TDA

Compartment

Continental Regional
conc.
conc.

Continental Regional Continental Regional
conc.
conc.
conc.
conc.

Surface water
(dissolved)
[µg/l]

1.58.10-3

5.46 10-3

5.2.10-4

1.77.10-3

2.1.10-3

7.2.10-3

Sediment

0.56

1.89

0.15

0.48

0.71

2.4

1.58.10-12

5.4.10-12

7.47.10-13

2.51.10-12 2.3.10-12

7.9.10-12

5.46.10-7

1.87.10-6

2.14.10-7

7.19.10-7

7.6.10-7

2.6.10-6

3.17.10-9

1.1.10-8

1.55.10-9

5.22.10-9

4.7.10-9

1.6.10-8

2.04.10-6

7.10-6

7.87.10-7

2.64.10-6

2.8.10-6

9.6.10-6

2.04.10-6

7.10-6

7.87.10-7

2.64.10-6

2.8.10-6

9.6.10-6

[µg/kg ww]
Atmosphere
[µg/m³]
Agric. Soil
[µg/kg ww]
Agr. soil,
porewater
[µg/l]
Industr. Soil
[µg/kg ww]
Nat. Soil
[µg/kg ww]
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3.2

EFFECTS ASSESSMENT: HAZARD IDENTIFICATION AND DOSE
(CONCENTRATION) - RESPONSE (EFFECT) ASSESSMENT

3.2.1

Aquatic compartment

Available effect data
The following results from acute and long-term toxicity tests with aquatic organisms are
available:
Table 3.9: Short-term toxicity to fish
Species

duration
[h]

LC50
[mg/l]

test system

test
substance

reference

Pimephales
promelas

96

1420 (m)

flowthrough;
analytical
monitoring

2,4-TDA

Geiger et al. 1990

Oryzias
latipes

96

912 (m)

flow-through, 2,4-TDA
analytical
monitoring

Holcombe
1995

Oryzias
latipes

96

219 (n)

semistatic

TDA 80/20

Tadokoro et al.
1991a/ 1992
(test result from
previous
unpublished study
of the authors cited
in these references)

Brachydanio
rerio

96

392 (n)

static

TDA 80/20

Caspers et al. 1986

Pagrus major 48
(marine)
72
(ca. 1 g)
96

1.06 (n)

semi-static

TDA 80/20

Tadokoro
1991b

Pagrus major 96
(marine)

0.221 (n)

static

TDA 80/20

Tadokoro et al.
1991a / 1992 (test
result from previous
unpublished study
of the authors cited
in these references)

0.2-0.4 (n) semi-static

2,4-TDA

Tadokoro 1991b

> 1.6 (n)

2,6-TDA

Tadokoro 1991b

0.264 (n)

et

al.

al.

0.161 (n)

(ca. 1 g)

Pagrus major 96
(marine)

et

(ca. 1 g)
Pagrus major 96

semi-static
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(marine)
(ca. 1 g)
Pagrus major 48
(marine)
72
(ca. 10 g)
96

> 5 (n)

Pagrus major 48
(marine)
72
ca. 10 g)
96

> 400 (n)

Pagrus major 48
(marine)
72
(ca. 20 g)
96

> 10 (n)

Pagrus major 96
(marine)

2.1 (n)

semi-static

2,4-TDA

Tadokoro 1994

semi-static

2,6-TDA

Tadokoro 1994

semi-static

2,4-TDA

Tadokoro 1994

2,4-TDA

Tadokoro 1994

2.42 (n)
0.73 (n)
> 400 (n)
283 (n)
5.88 (n)
0.83 (n)

(value cited from
Japan Frozen Food
Inspection Co)

(ca. 24 g)

Pagrus major 48
(marine)
72
(ca. 24 g)
96

> 500 (n)

Pagrus major 96
(marine)

> 280 (n)

semi-static

2,6-TDA

Tadokoro 1994

2,6-TDA

Tadokoro 1994

> 500 (n)
354 (n)

(value cited from
Japan Frozen Food
Inspection Co)

(ca. 24 g)

Scophthalmus 96
maximus*
(marine)

> 100 (n)

semi-static

TDA 80/20

Morris 1998

m: measured concentration; n: nominal concentration
The test performed with the turbot Scophthalmus maximus (turbot) is regarded as not valid for
the following reasons: 1) only 5 fish per concentration were tested, 2) the test substance was
added directly to 10 l volumes of seawater and the authors report undissolved test substance
throughout the whole test period, 3) no clear dose-effect curve was obtained: while at the
concentrations 0.1, 1 and 100 mg/l no fish died, at 10 mg/l 40 % of the fish were found to be
dead.
Among the tested fish species, the marine species Pagrus major (red sea bream) was most
sensitive to TDA. The 96h-effect values found with this species for 2,4-TDA and 80/20-TDA
are more than a factor of 1000 lower than the corresponding effect values available for other
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fish species. Different tests have been performed by the same authors to examine the toxicity
of TDA to Pagurs majo. The first studies were performed in a static, the latter in a semi-static
system. In the studies reported in Tadokoro et al. (1994) aeration was additionally employed
during the exposure. However, in this tests not only the exposure and aeration system but also
the size of the test organisms was changed (from 1 g to 10 and 20 g). In the studies available
for Pagrus major, the toxicity was shown to increase remarkably within the 96h exposure
period.
The lowest effect value of 0.161 mg/l was found in a study performed in a semi-static system
with fish of 1 g size. Althouhg in this test the oxygen concentration at test end was below the
value of 60 % saturation prescribed by the OECD guideline, the study is not regarded as
invalid. The oxygen content at test start was about 80 % of saturation. At test end it was
between 54 % and 58 % of saturation (related to oxygen saturation concentration in
freshwater). The lowest oxygen content was found in the control where no mortalities
occurred. For the other concentrations the oxygen content at test end was only slightly below
the value prescribed in the OECD guideline. It has also to be kept in mind that the test
solution was renewed after 48 hours and that it can therefore be assumed that the oxygen
concentration in the test solutions was not at the level measured at test end throughout the
whole exposure period. Therefore, it is not likely that the small deviation from the guideline
in relation to the oxygen content has affected the test result. In addition, it should also be
considered that the test was performed in natural seawater for which the oxyen content at
saturation is lower than for freshwater. Regarding this it can be assumed that the oxygen
content in the test vessels was not below 60 % of saturation for seawater and the validity
criterion of the OECD guideline may be fulfilled for this test if it is transferred to seawater.
The LC50 values reported by Tadokoro et al. (1994) for 2,4- and 2,6-TDA are significantly
higher than the effect values described in the former publications of the same authors. As two
different parameters were varied (oxygen concentration and size of the test organisms), no
clear conclusion on the reasons for this variation can be drawn. On the one hand one can
conclude from these data that the sensitivity of Pagrus major to TDA is dependent on
size/weight of the used fish: Fish with a weight of about 1 g were most sensitive. However,
even for fish with a weight of about 10 g and about 20 g effect values for 2,4-TDA were
clearly below 1 mg/l (the oxygen content in the test vessels was above 60 % saturation during
the whole exposure period). Only with fish of 24 g weight the effect value fo 2,4-TDA was
above 1 mg/l (2.1 mg/l). OECD and EU test guidelines recommend juvenile fish in the range
of 2 to 6 cm length (dependent on the used species, weight not given). As the tested speciment
of Pagrus major were in the range of 8.6 – 11.6 cm (10-24 g) it can be concluded that the
tests with the 1 g juveniles are most relevant for the effect assessment. On the other hand it
cannot be completely excluded that the different oxygen content in the different studies has
probably influenced the test results. In addition, the autors mentioned a colour change in the
test solutions: in the test with 2,4-TDA test solutions were transparent at test start and became
violet at test end. In the 2,6-TDA study test solutions were transparent and brown at the
preparation and turbid at the end of the test. No further information is given by the
authors.Pagrus major is native in coastal waters surrounding Japan and China. It cannot be
found in European coastal waters. However, for effects assessment the principle of
“representative organism” is used, i.e. it does not play a role whether the studied species is
native in the region for which the assessment is performed. Therefore, the effect values found
for Pagrus major are not rejected for the European risk assessment. The only possible
explanation for the great differences in the available toxicity data for fish is a species-specific
toxicity of TDA to Pagrus major. However, the cause for this species-specific toxicity is
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unclear. It cannot be stated that TDA is in general more toxic to marine than to freshwater
organisms as this was not the case for the tested invertebrate species.
Only with Pagrus major both substances, 2,4-TDA and 2,6-TDA were tested. Therefore,
there cannot be made a clear statement concerning the relative toxicity of 2,4-TDA and 2,6TDA to other fish species. The high sensitivity of Pagrus major is restricted to the 2,4-TDA
and the TDA 80/20. Pure 2,6-TDA is much less toxic to Pagrus major than 2,4-TDA. The
effect values obtained are in the range of the effect values found for TDA 80/20 with the other
tested species.
In addition to the toxicity tests with TDA tests with TDI 80/20 are available for several fish
species (Table 3.10). TDI is not stable in water and hydrolyses to TDA and oligourea. The
extent of TDA formed during hydrolysis of TDI is dependent on the stirring conditions and
the ratio TDI and water (c.f. 3.1.1.1). As the TDA concentration was measured in these tests,
the reported effect values related to TDA can be used as indication on the toxicity of
TDA.With the assumption that only TDA was responsible for the toxicity observed in the TDI
studies and the toxicity was not influenced by formed oligourea, by any other reaction product
of TDI or by TDI itself, the following LC50 values related to TDA can be estimated:
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Table 3.10: Short-term toxicity of TDI 80/20 to fish
Species

Exposure
period

LC50
[mg/l]

Oryzias
latipes

96

6,050

2.56-4.43

Static
preparation,
static test

Tadokoro
1990

Oryzias
latipes

96

4,170

15.0-16.3

Stirring
preparation,
static test

Tadokoro
1990

Oncorhynchus 96
mykiss

133

6.16

Stirring
preparation,
static test

Tadokoro
1991b

Mugil
cephalus

4,100

10.9

Stirring
preparation,
static test

Tadokoro
1991b

3.9

Stirring
preparation,
static test

Tadokoro
1991b

about 0.2

Stirring
preparation,
static test

Tadokoro
1991b

96

TDA Test
conditions

(not valid as
oxygen
content fell <
60
%
of
saturation)

(estuarian)

Paralychtis
olivaceus

TDI LC50
[mg/l]

96

(marine)

45.8
(not valid as
oxygen
content fell <
60
%
of
saturation)

Pagrus major 96

0.36

(marine)

(not valid as
oxygen
content fell <
60
%
of
saturation)

reference

For Pagrus major the LC50 values obtained in the studies using TDA as test substance are in
the same order with the LC50 related to the measured TDA concentration from the TDI
studies. For Oryzias latipes the effect values related to TDA are much lower than obtained in
the above cited studies performed with pure TDA. The other species tested with TDI have not
been tested with pure TDA. The effect values related to TDA (about 4 to 11 mg/l) show that
these species are in deed less sensitive than Pagrus major, however only by a factor of 10 to
100. It has to be noted that the ratio of 2,4-TDA and 2,6-TDA in the test solution was much
different from the ratio of isomers in the added TDI and that the TDA concentration in the test
solution did not correlate to the concentrations of TDI.
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Long-term toxicity to fish
Holcombe et al. (1995) tested the long-term toxicity of 2,4-TDA in a larval test with Oryzias
latipes. Larvae between 0 and 3 days old were exposed in a flow-through system to the
chemical for 28 days. Fish were fed live brine shrimps twice a day. Analytical monitoring of
the test solution was performed twice a week. At the lowest tested concentration of 40.3 mg/l
growth of the larvae was significantly reduced, while survival was significantly reduced at a
concentration of 68.8 mg/l. No NOEC can be derived from this test. As at the LOEC of 40.3
mg/l the effect on growth was more than 20 % it is not possible to derive a NOEC from the
LOEC according to the TGD.
The toxicity of 80/20 TDA to embryos and sac-fry stages of Danio rerio was investigated
according to OECD guideline 212 (Bruns, 2002a). Fertilized eggs (8 to 64 cell stage) were
exposed under flow-through conditions to the test substance for 10 days. The guideline
demands the termination of the test just before the yolk sac of any of the larvae in any of the
test chambers has been completely absorbed. Therefore, the evaluation of the test results is
based on the findings after 9 days of exposure, as the yolk of the larvae has been completely
absorbed at this time. Tested endpoints were hatching, mortality, behaviour and body
abnormalities and length of the larvae. Substance concentration was verified by GC analysis
and was found to be in the range of 92.7 to 144 % of the nominal concentration. Therefore,
the effect values were related to nominal concentrations. The most sensitive endpoint was
behaviour abnormality. A NOEC of 3.16 mg/l and a LOEC of 10 mg/l was found for this
parameter. For both hatching and mortality a NOEC of 10 mg/l and a LOEC of 31.6 mg/l was
derived. A comparison of the NOEC of 3.16 mg/l obtained in this study with the short-term
LC50 of 392 mg/l found for the same species indicates an acute/chronic ratio of more than 2
orders of magnitude.
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Table 3.11: Short-term toxicity to invertebrates
Species

duration EC50/LC50
[h]
[mg/l]

test method

test
substance

reference

Daphnia
magna

24

12 (m)

OECD 202; 2,4-TDA
semistatic,
analytical
monitoring

Danish EPA, 1998

Daphnia
magna

48

1.6 (m)

OECD 202; 2,4-TDA
semistatic,
analytical
monitoring

Danish EPA, 1998

Daphnia
magna

24

27.6 (pH 6) static,
(m)
analytical
> 40 (pH 7.5 monitoring
+ 9) (m)

TDA 80/20

Tadokoro 1991a

Daphnia
magna

48

2.02 (pH 6) static,
(m)
analytical
4.26 (pH 7.5) monitoring

TDA 80/20

Tadokoro 1991a

(m)
4.85 (pH 9)
(m)
Daphnia
magna

48

7.85 (n)

TDA 80/20

Tadokoro 1990

Mysidopsis
96
bahia(marine)

4.32 (n)

TDA 80/20

Tadokoro 1991a /
1992 (test result
from
previous
study
of
the
authors cited in
these references)

Moina
macrocopa

24

12.5 (n)

static

2,4-TDA

Fujiwara 1982

Moina
macrocopa

24

14 (n)

static

2,6-TDA

Fujiwara 1982

m: measured concentration; n: nominal concentration
The lowest effect value was found for Daphnia magna with an 48h-EC50 of 1.6 mg/l. As with
2,4-TDA the 24h-EC50-values for Daphnia magna and Moina macrocopa are in the same
order, it can be assumed that both species are similar sensitive. Only 1 test was conducted
with 2,6-TDA using Moina macrocopa as test organisms. The effect value from this test is in
the same order with the value for 2,4-TDA for the same species. Therefore, it can be
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concluded that the toxicity of 2,4-TDA and 2,6-TDA is almost the same for all daphnids.
From the available test with the marine species Mysidopsis bahia it can be concluded that
freshwater and marine invertebrates are of similar sensitivity to TDA.
In addition to the toxicity tests with TDA tests with TDI 80/20 are available for Daphnia
magna and Mysidopsis bahia:
Table 3.12: Short-term toxicity of TDI 80/20 to invertebrates
Species

exposure
period

EC50/LC50
TDI [mg/l]

EC50/LC50
TDA [mg/l]

test
conditions

reference

Daphnia
manga

48

12.5

ca. 5

Stirring
preparation,
static test

Tadokoro
1991a

Mysidopsis
bahia

96

14

ca. 6

Stirring
Tadokoro
preparation,
1991a
static
test,
feeding
during test

Although these data are not used for a quantitative effect assessment of TDA they show that
the effect values related to the TDA concentration is for both organisms within the range of
the effect values determined with the pure TDA.
Table 3.13: Long-term toxicity to invertebrates
Species

duration

NOEC [mg/l]

test method

Daphnia magna 21 d

0.282 (m)

OECD
211, TDA 80/20
semistatic,
analytical
monitoring

Bruns 2002b

Moina
macrocopa

0.8 (n)

semistatic

2,4-TDA

Fujiwara 1982

Moina
14 d
0.9 (n)
semistatic
macrocopa
m: measured concentration; n: nominal concentration

2,6-TDA

Fujiwara 1982

14 d

test substance Reference

The lowest effect value was found for Daphnia magna with a 21d-NOEC of 0.282 mg/l. For
Moina macrocopa, tests with 2,4-TDA and 2,6-TDA were performed indicating similar
toxicity of the two isomers to invertebrates.
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Table 3.14: Toxicity to aquatic plants
Species

duration
[h]

effect value [mg/l]

test substance reference

Scenedesmus
subspicatus

72

EbC50 = 126 (n)
EbC12 = 10 (n)

2,4-TDA

Bayer AG, 1988

Selenastrum
capricornutum

96

EbC50 = 9.54 (?)
EbC20 = 7.7 (?)

2,4-TDA

Dodard
1999

et

al.,

Selenastrum
96
EbC50 = 57 (?)
2,6-TDA
Dodard et al.,
capricornutum
EbC20 = 55 (?)
1999
n: nominal concentration; (?): not clear, whether nominal or measured concentration
Tests were performed with two algae species. For Scenedesmus subspicatus a test with 2,4TDA is available while with Selenastrum capricornutum both isomers were tested. From
these tests it can be concluded that the 2,4-TDA isomer may be slightly more toxic than the
2,6-TDA. In all three tests biomass was used as test endpoint. Although growth rate is more
preferred as test parameter in algae tests, a recalculation of the effect values is not regarded as
necessary, as algae are not the most sensitive species to TDA and therefore the available
biomass data will not influence the PNECaqua.
In addition to the toxicity tests with TDA tests with TDI are available for green algae:
Table 3.15: Toxicity of TDI 80/20 to aquatic plants
Species

exposure
period [h]

EC50
[mg/l]

TDI EC50
[mg/l]

TDA test
conditions

reference

Chlorella
vulagaris

72

4,000
(biomass)

ca. 8 (only Stirring
roughly
preparation,
estimated)
static test

Tadokoro
1990

Skeletonema
costatum

72

4,230
(biomass)

ca. 8 (only Stirring
roughly
preparation,
estimated)
static test

Tadokoro
1991a

Again, these values are not used for a quantitative effect assessment.

Microorganisms
Only 1 test with microorganisms is available that can be used for the derivation of the
PNECmicroorganism. In a respiration inhibition test with activated sludge a 3h-EC50 > 100
mg/l was found for TDA 80/20. The effect value is related to nominal concentration (Caspers
et al. 1986).
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Determination of PNECaqua
The marine fish species Pagrus major showed the highest sensitivity to 2,4-TDA and TDA
80/20 (96 h-LC50 of 0.161 mg/l). Pure 2,6-TDA was clearly less toxic to this species. The
reason for the great difference in toxicity of 2,4-TDA and TDA 80/20 between Pagrus major
and the other fish species is unclear. Nevertheless, as the results are regarded as valid, the
effect values found with Pagrus major are used for the derivation of the PNECaqua. Although
pure 2,6-TDA is much less toxic to this species than 2,4-TDA and TDA 80/20, only 1 PNEC
on the basis of the effect value found for TDA 80/20 with Pagrus major is derived.,At nearly
all sites TDA 80/20 is produced and released via the wastewater into the environment. By
passing a biological wwtp, the ration of 2,4- and 2,6-TDA is slightly changed in favour of
2,6-TDA to 70:30 due to different degradation behaviour of the 2 isomers. Nevertheless, as a
pragmatic approach the PNECaqua based on the effect value for 80/20 TDA is used for the
risk assessment. Long-term tests with species from three trophic levels are available. The
lowest NOEC found was a 21d-NOEC of 0.282 mg/l (80/20-TDA) for Daphnia magna. As
this NOEC is slightly higher than the lowest 96h-LC50 for Pagrus major (0.161 mg/l), the
PNEC is derived by application of an assessment factor of 100 to the acute value according to
the TGD.
Therefore

PNECaqua = 0.161 mg/l / 100 = 1.6 µg/l (PNECaqua1)

Although the study is regarded as valid, the Technical Meeting decided to derive alternatively
a second PNEC from the Daphnia long-term study due to the above discussed uncertainties
with the interpretation of the study with Pagrus major (influence of oxygen content on test
results). An assessment factor of 50 is applied to the NOEC of 0.282 mg/l according to the
TGD as no long-term test with the most sensitive species in short-term tests (Pagrus major) is
available.
Therefore:

PNECaqua = 0.282 mg/l / 50 = 5.64 µg/l (PNECaqua2)

Both PNECs are used for the risk characterisation.
Determination of PNECmicroorganism
The only relevant test result is the 3 h-EC50-value of > 100 mg/l for activated sludge. For the
determination of the PNECmicroorganism an EC50-value of 100 mg/l is used and an assessment
factor of 100 has to be applied to this value.
Therefore:

PNECmicroorganism = 100 mg/l / 100 = 1 mg/l

Sediment
Two tests with sediment dwelling organisms are available.
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Species

duration

NOEC
[mg/kg
dw]

test substance

reference

Chironomus riparius

28 d

500

TDA 80/20

I.I.I. 2004

Lumbriculus
variegatus

28 d

12.3

TDA 80/20

I.I.I. 2005

The report (I.I.I. 2005) for the test with Lumbriculus variegates gave a NOEC 333 mg/kg dw.
A recalculation with the Wiliams-test shows a sicnificant effect by 37 mg/kg dw. So the
NOEC is 12.3 mg/kg dw.
With this NOEC (12.3 mg/kg) and an assessment factor of 50 according to the TGD.
the PNECsed = 12.3 mg/l / 50 = 0.24 mg/kg dw (PNECaqua1)

3.2.2

Atmosphere

No data available.

3.2.3

Terrestrial compartment

Available data
Soil dwelling organisms
Eisenia fetida
(2,4/2,6-TDA (80/20), nominal concentration, artificial soil, TNO 1992a)

14 d-LC50 > 1000 mg/kg dw
14 d-LC0 = 464 mg/kg dw
(effect: weight)

14 d-NOEC = 215 mg/kg dw

Terrestrial plants
Avena sativa
(2,4/2,6-TDA (80/20), nominal conc., semi-natural soil, organic carbon content: 1.1 %, TNO 1992b)
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(effect: emergence)

17 d-NOEC = 320 mg/kg dw
17 d-EC50 = 904 mg/kg dw
14 d-NOEC = 320 mg/kg dw

(effect: growth)

14 d-EC50 = 320 - 1000 mg/kg dw
(effect: survival)

14 d-NOEC > 1000 mg/kg dw

Lactuca sativa
(2,4/2,6-TDA (80/20), nominal conc., semi-natural soil, organic carbon content: 1.1 %, TNO 1992b)
(effect: emergence)

17 d-NOEC = 100 mg/kg dw

(effect: growth)

14 d-NOEC = 100 mg/kg dw
14 d-EC50 = 320 - 1000 mg/kg dw

(effect: survival)

14 d-NOEC = 320 mg/kg dw

The tests with Eisenia fetida and the terrestrial plants are regarded as short-term tests. The
lowest LC50- or EC50-value is used for calculating the PNECsoil. Both Lactuca sativa and
Avena sativa show an EC50-value for growth between 320 and 1000 mg/kg dw. For reasons
of precaution an EC50-value of 320 mg/kg dw is used for the determination of the PNECsoil.
As there are only test results from short-term tests with species from two trophic levels
available, an assessment factor of 1000 has to be applied.
Therefore:
3.2.4

PNECsoil = 320 mg/kg dw / 1000 = 0.32 mg/kg dw

Non compartment specific effects relevant to the food chain

A biomagnification via food chain is not expected via the route water - fish. Due to possible
bioaccumulation for sediment organisms, biomagnification cannot be excluded for the route
sediment - sediment dwelling worm - worm-eating fish –fish eating mammal or bird.
On the basis of mammalian toxicity data, 2,4-TDA is classified as toxic. According to the
TGD it is assumed that the available test data with laboratory animals can give an indication
on the possible risk of the chemicals to top-predators in the environment. The NOAELs found
in these studies have to be converted into a food concentration by using the ratio between
body weight and daily food intake as conversion factor. In the TGD conversion factors for
several laboratory test species (rats, mice…) are given.
In a 2 year study with rats that were exposed to 2,4-TDA via the food, a LOAEL of 5.9 mg/kg
bw/d was found. As no NOAEL is available from this study, the PNECoral is derived from
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the LOAEL This LOAEL have to be converted into a food concentration by using a
conversion factor of 20. With this a LOEC of 118 mg/kg food can be derived. According to
the TGD, for the calculation of the PNECoral an assessment factor of 30 has normally to be
applied to this value a NOAEL found in a chronic study. However, as no NOAEL but only a
LOAEL is available for 2,4-TDA, it is proposed to increase the assessment factor by a factor
of 2 to 60. Therefore, a PNECoral of 1.97 mg/kg food is calculated.
It has to be kept in mind that 2,4-TDA as a genotoxic carcinogen may affect individual top
predators of species with long life-cycles at concentrations below the PNECoral. Especially
for endangerous species where individuals may need to be protected to support the survival of
the species this may be a problem. However, it is assumed that the risk assessment for man
indirectly exposed via the environment is also protective for individual top predators.

3.3

RISK CHARACTERISATION

3.3.1

Aquatic compartment

The result of the aquatic effects assessment are a PNECmicroorganism of 1000 µg/l, a
PNECaqua of 1.6 µg/l resp. 5.64 µg/l and a PNECsed of 12.3 mg/kg dw. In the following
table, the risk characterisation ratios for all known TDA production and processing sites as
well as the 2 known sites that process 2,4-TDA to dyes together with the underlying databasis
for the PEC calculations are presented.
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Table 3.16: PEC/PNEC ratios for surface water and WWTP
Site

life stage

site-specific data

default values

Ceffl.
[µg/l]

Ceffl. /
PNECmicro.

PEClocal
[µg/l]

PEClocal /
PNECaqua1

PEClocal /
PNECaqua2

A

prod. + proc. to TDI

effluent conc. for TDA, sewage flow

Dilution 1:100

< 10

< 0.01

< 0.0026

< 1.6 ⋅10-3

< 4.6 ⋅10-4

B

prod. + proc. to TDI

effluent conc. for TDA , sewage and
river flow

-

< 70

< 0.07

< 0.07

< 4.3⋅10-2

< 1.2⋅10-2

C

prod.

effluent conc. for TDA, number of days,

< 20

<0.02

< 0.03

<1.8⋅10-2

< 5.3⋅10-3

D

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow

-

9.4

0.009

0.58

0.36

0.1

E

prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow

-

35.2

0.035

0.13

8.1⋅10-2

2.3⋅10-2

F

Prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow, no biological wwtp

-

300

-

0.3

0.19

0.05

G*

Prod. + proc. to TDI

effluent conc. for TDA, sewage and
river flow, no biological wwtp

-

<3000

-

< 23.4

< 14.6

< 4.15

0.87

0.54

0.15

< 0.065

< 4⋅10-2

< 1.1⋅10-2

< 0.1

< 8.1⋅10-2

< 1.8⋅10-2

sewage and river flow

140
H

Prod. + proc. to TDI

conc. of TDA in process water,
dilution in wwtp,

dilution 1:100

< 6.6

Σ
B,C
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Site

life stage

site-specific data

Dye1 Processing to dyes

Dye2 Processing to dyes

Sewage and river flow, number of
days

default values

Ceffl.
[µg/l]

Ceffl. /
PNECmicro.

PEClocal
[µg/l]

PEClocal /
PNECaqua1

PEClocal /
PNECaqua2

emission factor: 2 %; number of
days: 20, wwtp flow rate +
elimination, dilution factor

1,180

1.18

30

18.7

5.3

emission factor: 2 %;elimination
in wwtp

0.13

0.00013

0.35

0.2

6.2⋅10-2

* This site stopped the production of TDA in 2005.
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Waste-water treatment plant
For the scenario “processing of 2,4-TDA to dyes” at site dye1 the wwtp effluent concentration
is above the PNECmicorganisms. As this scenario is fully based on default values,
improvement of the data basis is possible. Information on TDA emission from this site should
be provided.
i)

There is need for further information and/or testing

The WWTP effluent concentrations are below the PNECmicroorganisms for all known
production and processing sites.
ii)

There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already

Surface water
PEC/PNEC ratios are below 1 for all sites except the scenario “processing of 2,4-TDA to
dyes” at site dye1. As this scenario is fully based on default values, improvement of the data
basis is possible. Information on TDA emission from this site should be provided.
i)

There is need for further information and/or testing

For all other sites the PEC/PNEC ratios are below 1.
ii)

There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already

The same conclusion of the risk characterisation is obtained for both values of the PNECauqa.
Sediment
The following PEC/PNEC ratios for the sediment compartment were obtained:
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Table 3.17: PEC/PNEC ratios for the sediment compartment
PEClocal

PEC/PNECsed

[µg/kg ww]
A

< 0.52

<2.1⋅10-3

B

< 14

< 5.7⋅10-2

C

< 6.4

<2.6⋅10-2

D

116

0.47

E

26

0.11

F

60

0.24

<4,686

1.9 ⋅10-20.71

*

G

174
< 13

5.3⋅10-2

< 20.4

8.3⋅10-2

Dye1

6,390

26

Dye2

74.5

0.30

H
Σ B,C
Processing to dyes:

* This site stopped the production of TDA in 2005.
The PEC/PNEC ratio for the site Dye 1 that process 2,4-TDA to dyes is above 1.
The exposure estimation for the site dye1 is fully based on default values, therefore,
improvement of the exposure data basis is possible.
i)

There is need for further information and/or testing

For all other sites the PEC/PNEC ratios are below 1.
ii)

3.3.2

There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already

Atmosphere

As no significant exposure is expected, a quantitative risk assessment for this compartment is
not necessary.
ii)

There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already
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3.3.3

Terrestrial compartment

As no significant exposure is expected, a quantitative risk assessment for this compartment is
not necessary.
ii)

3.3.4

There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already

Non compartment specific effects relevant to the food chain

Because of the low accumulation of TDA in fish via water, the exposure route fish - fish
eating bird is likely to be not relevant. However, the reaction product of TDA with sediment
organics accumulates in sediments and cannot be excluded to be bioavailable based on the
limited existing data. A biomagnification via the route sediment - sediment dwelling
organisms – (worm eating fish) –fish eating mammal or bird can not be excluded. The toxicity
tests with Lumbriculus variegatus and Chironomus reparius provide no indices for a strong
accumulation in sediment dwelling organism.
A PNECoral of 1.97 mg/kg food was derived from a LOAEL from a 2 year study in rats.
However, a PECoral cannot be estimated on the basis of QSAR from the log Kow because
TDA forms covalent bounds to organis material in sediments that may be bioavailable to
sediment dwellers. Therefore, a qualitative assessment of this endpoint is performed. The
highest PECaqua based on site-specific exposure data is 0.87 µg/l (site G). With the
assumption that 50% of the diet of a predator organism comes from this local area and 50 %
from the regional area results in a PECmean of (0.87 + 7.6 ·10-3)/2 = 0.44 µg/l. The PNECoral
is 1.97 mg/kg food. This means that a bioaccumulation factor of of TDA of more than
4400 l/kg is needed to give a concern for secondary poisoning. Such a high bioaccumuation
factor is however not expected for TDA. E.g. for 3,4-DCA a max. BAF of 570 l/kg was
obtained for the sediment worm Lumbriculus variegatus in a water-sediment microcosm.
Considering in addition the rapid biotransformation of TDA in higher organisms it can be
concluded that TDA represents no risk for the food chain.
ii)
There is at present no need for further information and/or testing and for risk
reduction measures beyond those which are being applied already
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4

HUMAN HEALTH

4.1

HUMAN HEALTH (TOXICITY)

4.1.1

Exposure assessment

4.1.1.1

General discussion

4.1.1.2

General discussion

Toluene-2,4-diamine (2,4-TDA) is predominantly produced and further processed as a
mixture with Toluene-2,6-diamine (2,6-TDA): TDA 80/20 (80 % 2,4-TDA, 20 % 2,6-TDA).
A 65:35 mixture of these isomers and pure 2,4-TDA are also commercially available but not
widely used. The technical-grade products contain 99 % 2,4-TDA or 2,4-/2,6-TDA mixtures,
respectively.
For production volumes see section 2.
2,4-TDA is predominantly used as an intermediate in the chemical industry. The major part
(98 -99 %) is processed as a 2,4-/2,6-TDA 80/20 mixture to toluylene diisocyanate (TDI). A
minor amount is used as a starting product for the production of acridine, sulphur and azo
dyes (Römpp, 1990/91).
Direct uses of 2,4-TDA in the EU are unknown, some applications are mentioned in the
American literature (see chapt. 4.1.1.2).
For workers the inhalative and dermal exposure routes are the most likely.
4.1.1.3

Occupational exposure

For 2,4-TDA occupational exposure limits (OEL) and short term limits (STEL) are
established in the EU (cf. Table 4.1.1.2.).
Table 4.1.1.2: Occupational exposure levels (ARIEL, 2000)
Country

OEL

STEL
3

Germany *
0.1 mg/m
0.4 mg/m3 **
Austria
0.1 mg/m3
0.4 mg/m3
3
Netherlands
0.1 mg/m
* TRK-value, technical based occupational exposure limit obligation to minimize exposure
** The average concentration shall never exceed 4 times limit value (15 minute average –
Excess Factor 4)
General
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The exposure assessment generally aims at assessing exposure levels representing the
reasonable worst case situation. The reasonable worst case is regarded as the level of
exposure which is exceeded in a small percentage of cases over the whole spectrum of likely
circumstances of use for a specific scenario.
The assessment of inhalation exposure is mainly based on measured exposure levels from
which – if possible – 90th or 95th percentiles are derived as representing reasonable worst case
situations. For the purpose of exposure assessment only data measured later than 1990, if
available, are taken. If quantitative exposure data are not available, model estimates are taken.
Scenarios are clustered as far as possible to make the description transparent.
Beside inhalation exposure, dermal exposure is assessed for each scenario. Two terms can be
used to describe dermal exposure:
Potential dermal exposure is an estimate of the amount of a substance landing on the outside
of work wear and on the exposed skin.
Actual dermal exposure is an estimate of the amount of a substance actually reaching the skin.
There is an agreement between the EU-memberstates, within the framework of existing
substance, to assess - as a rule - dermal exposure as exposure to hands and parts of the
forearms. In this, the main difference between both terms – potential and actual - is the
protection of hands and forearms by work wear and – more important – the protection by
gloves. Within this exposure assessment, the exposure reducing effect achievable by gloves is
only considered if information is provided, that for a certain scenario gloves are a widely
accepted protective measure and that the gloves are fundamentally suitable for protection
against the substance under consideration. As a measure for the latter, tests according to DIN
EN 374 are taken as a criteria. For most down stream uses it is commonly known, that gloves
are not generally worn. In these cases, dermal exposure is assessed as actual dermal exposure
for the unprotected worker. Since often quantitative information on dermal exposure is not
available, the EASE model is mostly used for assessing dermal exposure.
Industrial activities using 2,4-TDA and its mixtures with 2,6-TDA present opportunities for
exposure. Exposure ranges depend on the particular operation and the risk reduction measures
in use.
Most of the produced pure 2,4-TDA and 2,4-/2,6-TDA (80/20) is handled in closed systems.
On account of the high melting temperature (99°C), 2,4-/2,6-TDA (80/20) and most of the
pure 2,4-TDA are transferred in a molten state via heated pipelines and tanks to the next
processing stage. About 1000 t are produced as pure TDA, therefrom < 100 t/a in form of
pastilles. A minor part is used for the production of a dye. Other uses of TDA-pastilles are not
known. During the handling of the cooled substance or mixtures (2,4-/2,6-TDA (80/20)) as
well as during the handling of 2,4-TDA pastilles, on account of the low vapour pressure,
inhalative exposure to vapour is expected to be low. Inhalation exposure to dust is possible if
pastilles are produced or used.
Occupational exposure may occur in the:
- production and further processing as a chemical intermediate (scenario 1)
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– production of 2,4-TDA pastilles (scenario 2)
– use of 2,4-TDA pastilles for the production of dyes (scenario 3).
A few commercial uses for 2,4-TDA (in part both isomers) per se have been found in the USliterature (Kirk-Othmer, 1991). In epoxy curing applications, 2,4-TDA has been used as a
component of an mixture with aliphatic glycidal ether resins as well as by itself. 2,4-TDA is
also used as amine curatives (Lee, Nevill, 1982; May, 1988). 2,4-TDA is cited to be a
monomer in aromatic polymers, e.g. various polyimides. The importance of these products for
the EU is not known. Since no further information on these use is available, they are not
considered within the framework of this assessment.
Another potential source of exposure may be the thermal degradation of polyurethane
products, whereby TDI may be formed and react to 2,4-TDA by hydrolysis (Brochhagen,
1989). At present, the formation of 2,4-TDA outside the life cycle of the product is not
considered in this exposure assessment.

4.1.1.3.1

Scenario 1: Production and further processing as a chemical intermediate

2,4-TDA is manufactured predominantly as a mixture of the two isomers 2,4-TDA and 2,6TDA (80/20) in a continuous process by nitration of toluene with subsequent catalytic
hydrogenation in closed systems. The final product is purified by distillation.
According to information provided by one manufacturer, approx. 1000 t/year pure 2,4-TDA
are produced, therefrom 100 t/year as pastilles (see scenario 2).
Approx. 98 - 99 % of the EU-wide produced TDA (mainly 2,4/2,6-TDA 80/20) is converted
to TDI in closed systems using phosgene. In the EEC, the production of DETDA by
alkylation of 2,4-/2,6-TDA 80/20 has been stopped (Bayer 2002). Since pure 2,4-TDA and
2,4-/2,6-TDA 80/20 are solid at ambient temperature (melting point of pure 2,4-TDA: 99 °C),
transfer occurs via heated pipelines.
Most of the manufactured 2,4-TDA is fed as a chemical intermediate directly to the next
processing stage. Small amounts are transferred and filled in a molten form via heated
pipelines in tanks using gas displacement devices or at workplaces equipped with local
exhaust ventilation (filling drums). One company produces 2,4-TDA which is transferred via
rail or street to the location of further processing. In this, works at the filling stations are
performed throughout the shift.
Sampling is performed several times per day at different locations. The containers used to
collect the samples are tightly coupled to the closed reaction system with the sampling
arrangement being placed in an encapsulated housing.
Within the large-scale chemical industry high standards of control at the workplaces are
assumed to be practised even if the containment is breached, e.g. during filling, coupling and
decoupling of transfer lines, cleaning, maintenance, repair works and the taking of process
samples. Inhalative exposure in other areas is usually minimised by technical equipment (e.g.
special designed filling stations, local exhaust ventilation). Depending on the conditions in
each case, such processes are carried out under extraction systems. In addition, the units are
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rinsed and the workers wear protective clothing (gloves and eye protection) and respiratory
protection (Bayer, 1995).
Inhalation exposure
Workplace measurements
Table 4.1.1.2.1: 2,4-TDA exposures at workplaces in the large-scale chemical industry during
production and further processing
Year of
measurements

Number of
samples

Range of
measurement
data [mg/m3]

50th -percentile
[mg/m3]

95th -percentile
[mg/m3]

2,4-TDA and TDI
production, all
measurements

1998 –
2002

63

-

< 0.002

< 0.01

2,4-TDA production

1998 –
2002

37

-

< 0.0025

< 0.01

TDI production

1998 –
2002

26

-

< 0.002

< 0.00875

Job category / activities

8-h time weighted average

For the purpose of determining 2,4-TDA in the air at the workplace, the substance is adsorbed
to impregnated silicagel and then desorbed and determined high-liquid-chromatographically
by HPLC. The selection of specific conditions allows the simultaneous collection of dust and
vapour.
Due to the measurement method and the measurement strategy which were applied, the
currently available measurement results (Table 4.1.1.2.1) are regarded as valid.
The measurement data show, that TDA was not detected in any sample. Limits of detection
were between 0.001 mg/m³ and 0.01 mg/m³, depending on the purpose of the measurement.
There is a sub-collective of measurements available which has been taken with the lower
detection limit (0.0015 mg/m³ and below). This sub-collective was neither taken at a special
time interval nor at selected working conditions. Companies belonging to the Association
ISOPA (European Diisocyanate & Polyol Producers Association) confirmed in a detailed
manner, that the processes and activities relevant for inhalation exposure are almost the same
for all companies of ISOPA involved. It is assumed, that this is also valid for companies not
represented by this association. Based on the limit of detection of 0.0015 mg/m³, the
inhalation exposure yields in 0.00075 mg/m³ (half of the limit of detection).

Additional confidential measurement results were provided by 5 companies. All measurement
results (n > 100) were below the detection limit, which is in all but one cases 0.01 mg/m3
(exception 0.5 mg/m3). The information on the results is limited, in part, stationary sampling
was performed. In part, both TDA-isomers were detected.
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In the scope of the implementation of TRK-values for 2,4-TDA (TRGS 901, 1999), results of
workplace measurements were published, too. 27 shift averages taken during the production
of 2,4-TDA and its further processing to TDI were < 0.02 mg/m3 with one exception of 0.07
mg/m3 2,4-TDA (year of measurement unknown). At four other workplaces 23 shift averages
< 0.02 mg/m3 and 19 short term values < 0.04 mg/m3 were obtained. No further details are
given.
According to information provided by two manufacturer, 265 male workers are exposed in the
area of production of 2,4-TDA. In the area of further processing, about 55 male employees are
exposed continuously and 35 occasionally (Bayer, 1994).
Conclusions
Inhalative exposure has to be assessed for the production and the further processing of 2,4TDA in the large-scale chemical industry. Exposure is possible during transfer and
drumming, coupling and decoupling of transfer lines, cleaning, maintenance, repair works and
the taking of process samples.
For the assessment of risks of daily inhalative exposure to 2,4-TDA during the production and
further processing in areas with high levels of protection belonging to the large-scale
chemical industry 0.00075 mg/m3 (half of the limit of detection of a representative subcollective) should be taken.
This exposure assessment is based on data from 1998-2002. Taking all data and information
available into account, the exposure assessment is judged to be based on sufficient,
representative and reliable data set.
It is to be assumed that the substance is processed daily. Consequently, the duration and the
frequency of exposure to 2,4-TDA are assumed to be daily and for the entire length of the
shift.
Dermal exposure
For the purpose of assessing dermal exposure, a company was visited. At the production
plant, the exposure relevant activities were observed in detail. The following conclusion can
be drawn:
-

workers are well instructed and trained in using technical and personal protective
equipment (gloves, glasses, respiratory protection),

-

suitable gloves are used,

-

exposure relevant is filling (coupling / decoupling of transfer lines) and, to a less extent,
sampling,

-

only potential dermal exposure was observed.

Immediate dermal contacts are avoided due to closed system technology and the proper use of
suitable gloves. Furthermore, worker would avoid any direct dermal contact to hot TDA. In
this, the protection provided by the suitable gloves becomes an important parameter in risk
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assessment. The protection of the gloves is considered in a default value of 90%. However,
the protection efficiency might be higher, but quantification is not possible.
In the following, the observations are briefly described in the light of (potential) dermal
exposure:
Sampling:
Sampling is performed several times per day and lasts approx. 5 minutes. The sampling
device runs largely automatically. The exposure relevant activity is taking the open sampling
glas filled with ca. 100 ml TDA (140 °C) and closing it with a screw top. This task lasts about
10 seconds. A worker explained, that potential dermal exposure at the outside of the gloves
occurs seldom (once per week). A skin area of 1 cm² is typically exposed. Workers were
protective gloves and glasses, and respiratory protection.
Tank Filling
A worker performs tank filling about 3 times per shift. The exposure relevant activity is
coupling and decoupling of transfer lines and especially cleaning the flange from residual
liquid TDA using a cloth. During coupling activities, potential dermal exposure (TDA on the
outside of the protective gloves) occurs once a day with an exposed area of 15 cm² (2
fingers). Potential dermal exposure is higher when transfer lines are decoupled: exposed area
of 420 cm², 3 times per shift. The exposed area is relative high because the contaminated
cloth was used to clean the gloves. The rapporteur was informed procedures were changed
that after the visit in a way that the exposed area during decoupling is reduced to 15 cm².
Workers were instructed to prove the gloves for contaminations (black colour) and exchange
contaminated gloves immediately after the working step.
It has to be noted that the exposure relevant activities were performed very carefully. It could
be seen, that workers are well instructed and trained in using technical and personal protective
equipment.

Assessment of potential dermal exposure:
Taking into account that dermal contact occurs only incidentally, the scenario could be
described:
Input parameters:
Non dispersive use, direct handling, incidental
Exposure level:
0 – 0.1 mg/cm²/day.
Taking into account the exposed area of 15 cm², potential dermal exposure is assessed to 1.5
mg/person/day. As a rough estimation, a protection of 90 % is assumed for the use of suitable
gloves thus leading to a dermal exposure of 0 – 0.15 mg/person/day. The upper value is
regarded to represent the worst case situation. The suitability of the used gloves under real
working conditions is considered in the assumption of 90%-protection. However, die
protection efficiency might be higher.
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At TM I/04, different protection factors were discussed. The observations made at the
companies show, that potential dermal exposure occurs on a daily scale and that protection
factors accounting a lower exposure frequency are not appropriate.
Other activities (sampling, cleaning and maintenance) will lead to lower dermal exposure: For
sampling, a worker stated, that potential dermal exposure occurs once a week. For
maintenance activities, which are typically performed not more than once per month, parts of
the plant are emptied with pressurised nitrogen and cooled down before opening. Residual
solid, non-dusty 2,4-TDA may still stick to the parts and, hence, these parts are rinsed with
water. The concentration of 2,4-TDA in the washing water is typically 500 – 2000 ppm.
Contact to the washing water will lead to lower dermal exposure level than assessed for
filling.
Hand-eye-contacts can be excluded to a large extent.
Conclusion
For the assessment of daily dermal exposure, a plant was visited. Observations revealed that
potential dermal exposure occurs daily. Based on these observations and in application of the
EASE model, 0.15 mg/person/day is assessed as the reasonable worst case exposure. In this,
the protective effect of suitable gloves is considered. It has to be noted that the exposure
relevant activities were performed very carefully. It could be seen that workers are well
instructed and trained in using technical and personal protective equipment. The observations
made in the plant are regarded to be representative for European plants. The suitability of the
used gloves under real working conditions is considered in the assumption of 90%-protection.
However, die protection efficiency might be higher.

4.1.1.3.2

Scenario 2: Production of 2,4-TDA pastilles

According to information provided by one manufacturer, < 100 t/year 2,4-TDA are produced
as pastilles.
The 2,4-TDA pastilles are formed in encapsulated compression belts and are filled in drums
equipped with exhaust ventilation. Further confidential information is available showing that
different technical measures are in place to minimise exposure. Exposure is restricted to a
single campaign per year lasting approx. 4 weeks.
The diameter of the pastilles ranges between 3 and 5 mm. No information is available on the
potency of 2,4-TDA pastilles to develop dusts during handling (e.g. filling).
Inhalation exposure
Table 4.1.1.2.2: 2,4-TDA exposures at workplaces during production of 2,4-TDA pastilles
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Job category / activities

Year of
measurements

Number of
samples

Range of
measurement
data [mg/m3]

Geometric
mean [mg/m3]

95th -percentile
[mg/m3]

1990 - 1994
1990 - 1994

4
10

< 0.005 - < 0.01
< 0.01 - < 0.05

< 0.016

-

8-h time weighted average
Pastellation –
filling/drumming

Conclusions
Inhalative exposure has to be assessed for the production of 2,4-TDA pastilles in the largescale chemical industry. Exposure is possible during drumming, cleaning, maintenance, repair
works and the taking of process samples.
For the assessment of risks of daily inhalative exposure to 2,4-TDA during the production of
pastilles in areas with high levels of protection belonging to the large-scale chemical industry
0.025 mg/m3 (half of the highest limit of detection) should be taken.
Dermal exposure
Dermal exposure in the chemical industry is estimated considering that the substance is
manufactured and further processed primarily in closed systems and that the use of gloves and
eye protection is highly accepted. In case of 2,4-TDA pastilles, filling is performed
automatically. For handling the solid substance, gloves tested according to EN 374 are used.
As a rule, for the use of suitable gloves, low levels of daily dermal exposure are to be
expected. However, in spite of this, dermal exposure may occur, due to e.g.
-

unintendend contamination during the handling of used gloves,

-

limited protection of suitable gloves under real working conditions (e.g. mechanical fail).

Taking into account that dermal contact occurs incidentally, a worst case situation could be
described by the scenario:
Input parameters:
Non dispersive use, direct handling, incidental
Exposure level:
0 – 0.1 mg/cm²/day.
The consideration of an exposed area of 420 cm² leads to exposure levels of 0 - 42
mg/person/day.
As a rough estimation, a protection of 90 % is assumed for the use of suitable gloves thus
leading to a dermal exposure of 0 - 4.2 mg/person/day. The upper value is regarded to
represent the worst case. Since the material is handled in form of pastilles, dermal exposure is
assumed to be below the upper value. No information on the abrasion properties of the
pastilles is available. Nevertheless, it is quite reasonable, that exposure in case of pastilles is
lower that exposure would be if a dusty material is handled. As a rough estimation, a factor of
ten below the upper level should be taken as representing the reasonable worst case situation.
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Hand-eye-contacts can be excluded to a large extent.
Conclusion
For the assessment of daily dermal exposure during the production of 2,4-TDA and its further
processing to TDI, 0.42 mg/person/day should be taken as representing the reasonable worst
case situation.

4.1.1.3.3

Scenario 3: Use of 2,4-TDA pastilles for the production of dyes

The 2,4-TDA pastilles (approx. 100 t / year) are predominantly used for the production of
dyes.
There is only one company known that applies 2,4-TDA pastilles in the production of dyes.
According to information provided by this company, 3,6 t /year are used. According to this
company, the process is a non-aqueous batch process, in which 2,4-TDA is heated in a closed
vessel under reflux together with other components. The resulting product is washed and
finished.
Worker were protective clothing and gloves, and respiratory protection when filling 2,4-TDA
into the reaction vessel.
A limited number of batches is performed per year, so that exposure is assessed to be not
daily. Exposure is possible when the bags are opened and emptied. According to information
from industry, exposure is not daily.
Inhalation exposure
The company provided one measurement result of 0.05 mg/m³ (limit of detection, shift
average, 1996). From 1990 - 1994, measurement values ranging from 0.005 – 0.014 mg/m³
(shift average) were available.
Conclusion
0.025 mg/m³ should be taken as representing the reasonable worst case situation (not daily
exposure, half of the highest detection limit).
Dermal exposure
The dye is produced in only one company which described that worker wear suitable gloves
(for handling solid materials, gloves are assumed to suitable for protection against
penetration). Dermal exposure might occur during opening the bags and filling 2,4-TDA
pastilles into the reaction vessel.
Input parameters: Non dispersive use, direct handling, incidental.
Exposure level: 0 – 0.1 mg/cm²/day.
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In consideration of an exposed area of 420 cm² and a protection efficiency of 90 % achieved
by the gloves, dermal exposure is assessed as 4.2 mg/person/day on a non-daily basis. No
information on the abrasion properties of the pastilles is available. Nevertheless, it is quite
reasonable, that exposure in case of pastilles is lower that exposure would be if a dusty
material is handled. As a rough estimation, a factor of ten below the upper level should be
taken as representing the reasonable worst case situation.
Conclusion
For the assessment of the risks from non-daily dermal exposure, a level of 0.42
mg/person/day should be taken.

4.1.1.3.4

Summary

2,4-TDA is predominantly processed in form of mixtures with 2,4-/2,6-TDA (80/20) which
are used as an intermediate in the chemical industry. The major part (98 – 99 %) is processed
to toluylene diisocyanate (TDI), a starting product for the production of polyurethane
products. A small quantity of pure 2,4-TDA is produced as pastilles (< 100 t/a, scenario 2),
which are further processed to dyes (3.6 t/a, scenario 3). The use of pastilles for the
production of dyes is the only known use.

Based on the information from industry, it is concluded that 2,4 TDA is manufactured and
processed at a very high level of protection. For all scenarios, only limits of detection are
given as measures for inhalation exposure. These limits of detection are often set at 1/10 of
the OEL (0.1 mg/m³).
Relevant inhalation and dermal exposure levels are given in table 4.1.1.2.2 A and 4.1.1.2.2 B,
respectively. In case of inhalation exposure, for scenario 1 a sufficient number of
measurement values (limits of detection) with detailed descriptions of the processes is
available. There is a sufficient subscenario of measurement results with limits of detection
below 0.0015 mg/m³. Half of this level is taken forward to the risk characterisation.
For the assessment of dermal exposure in scenario 1, a plant was visited. The observations
revealed that potential dermal exposure on the outside of the gloves occurs daily. The
following conclusion can be drawn:
-

workers are well instructed and trained in using technical and personal protective
equipment (gloves, glasses, respiratory protection),

-

suitable gloves are used,

-

exposure relevant is filling (coupling / decoupling of transfer lines) and, to a less extent,
sampling,

-

only potential dermal exposure was observed.
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Immediate dermal contacts are avoided due to closed system technology and the proper use of
suitable gloves. In this, the protection provided by the suitable gloves becomes an important
parameter in risk assessment. The protection of the gloves is considered in a default value of
90%. However, the protection efficiency might be higher, but quantification is not possible.

For scenario 2 and 3, less information is available, but the assessed exposure levels are to be
regarded as representative (half of the highest levels of detection, 95th percentiles could not be
derived based on the available information). In both cases, only one company realises the
scenario.
Dermal exposure of scenario 2 and 3 is assessed using the EASE model. Since the dermal part
of the EASE model was developed based on liquids, it is to be assumed, that the actual dermal
exposure is lower than the assessed one. No information on the abrasion properties of the
pastilles is available. Nevertheless, it is quite reasonable, that exposure in case of pastilles is
lower that exposure would be if a dusty material is handled. As a rough estimation, a factor of
ten below the upper level should be taken as representing the reasonable worst case situation.
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Table 4.1.1.2.2 A: Summary of inhalation exposure data (reasonable worst case) of 2,4-TDA which are relevant for occupational risk assessment
Inhalation exposure
Area of production and
use

Form of
exposure

Activity

Duration
[hs/day]

Frequency
[days/year]see

Shift average
[mg/m3]

Method

Short-term
exposure[mg/m3]

Method

Production and further processing as a chemical intermediate
1) Production and further
processing as a chemical
intermediate

dust

filling, decoupling
of transfer lines,
sampling, cleaning,
repair,
maintenance

8 h / day

daily

0.00075

half of the
detection
limit of a
representativ
e subcollective

-

-

2) Production 2,4-TDA
pastilles

dust

drumming,
sampling, cleaning,
repair,
maintenance

2 hours / day
(assumed)

1 campaign per year
(4 weeks)

0.025

half of the
highest limit
of detection

-

-

3) Use of 2,4-TDA pastilles
for the production of dyes

dust

filling, repair,
maintenance

2 hours per day
(assumed)

not daily

0.025

half of the
highest limit
of detection

-

-
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Table 4.1.1.2.2 B: Summary of dermal exposure data (reasonable worst case) of 2,4-TDA which are relevant for occupational risk assessment
Dermal exposure
Area of production
and use

Form of
exposure

Activity

Contact level 1)

Level of exposure
[mg/cm2/day]

Exposed area
[cm2]

Shift average
[mg/p/day]

Method
(use of gloves)

daily

incidental

0 - 0.1

15

0.152)

EASE
(use of suitable
gloves)

0 – 0.1

420

0.423)

EASE
(use of suitable
gloves)

Frequency
[days/year]

Production and further processing as a chemical intermediate
1) Production and
further processing as
a chemical
intermediate

cooled cleaning, repair,
substance maintenance,
decoupling of
transfer lines

2) Production 2,4-TDA
pastilles

pastilles,
dust

drumming,
sampling,
cleaning, repair,
maintenance

1 campaign
per year (4
weeks)

incidental

3) Use of 2,4-TDA
pastilles for the
production of dyes

pastilles,
dust

filling,
repair,
maintenance

not daily

incidental

(worst case,
exposure might
be considerably
lower)
0 – 0.1

420

0.423)

EASE
(use of suitable
gloves)

1)

Contact level according to the EASE model
Protection efficiency of suitable gloves is assumed to be 90%
3)
Assessment based on the EASE model. Taking into account that TDA is handled in form of pastilles, dermal exposure is assessed to be a factor of 10 below the model
estimate.
2)
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4.1.1.4

Consumer exposure

2,4-TDA is used in Germany almost exclusively as an intermediate in the manufacture of 2,4toluylene diisocyanate, a starting product for polyurethane products, and very occasionally in
the manufacture of colorants.
There are no indications of any direct application of 2,4-TDA by the consumer (ISOPA,
2003).
Under special chemical conditions (high temperature, high pressure, presence of solvolytic
alcohols) TDA may be liberated from polyurethane products. However, under normal use
conditions it can be expected that a liberation of TDA would not occur. Continuous
monitoring of product quality has revealed that the 2,4-TDA content in flexible foam PUR
consumer products is below detectable limits (ca. 0.1 ppm) (EUROPUR, 2003). Therefore, a
formation of TDA outside the life cycle of polyurethane products is not considered in this
exposure assessment.
4.1.1.5

Indirect exposure via the environment

Based on the environmental concentrations in the different compartments, the indirect
exposure to humans via the environment through food, drinking water and air is estimated.
On the local scale, the human intake is calculated on the basis of the exposure in the vicinity
of the biggest point source (based on site-specific information) (site G, cf. 3.1.2.1). On the
regional scale, the average intake due to exposure via the regional background concentration
for each isomer (cf. 3.1.6) is estimated.
As the two isomers have different physico chemical properties, the calculation for 2,4-TDA
and 2,6-TDA is performed separately. The results are then added to give the human intake for
TDA isomer mixture. It is assumed that the Clocalwater composed of the two isomers in the
ratio 70 % : 30 %.

The following input data are used for the calculation:
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Table 4.1.1.4A: Input data for the calculation of indirect exposure for the local scenario for
site F:

Total
TDA

2,4-TDA

2,6-TDA

PECwater [µg/l]

0.87

0.61

0.26

PECwater_annual [µg/l]

0.71

0.5

0.21

For the regional scenario the PECregional for the two isomers were used as input data:
Table 4.1.1.4 B: Input data for the indirect exposure calculation for the regional scenario
2,4-TDA

2,6-TDA

Compartment

Regional conc.

Regional conc.

Surface water (dissolved)
[µg/l]

5.46 10-3

1.77.10-3

Sediment

1.89

0.48

5.4.10-12

2.51.10-12

1.87.10-6

7.19.10-7

1.1.10-8

5.22.10-9

[µg/kg ww]
Atmosphere
[µg/m³]
Agric. Soil
[µg/kg ww]
Agr. soil, porewater
[µg/l]

The following results were obtained:
Table 4.1.1.4.C: Resulting Dosetot from the local scenario for site G:

Dosetot

2,4-TDA

2,6-TDA

0.018 µg/kg bw d

0.008 µg/kg bw d
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Table 4.1.1.4D: Resulting Dosetot from the regional scenario:

Dosetot

2,4-TDA

2,6-TDA

0.0002 µg/kg bw d

0.00006 µg/kg bw d

Total TDA
(Σ 2,4, 2,6)
0.00026 µg/kg bw d

The input data for the model calculation are presented in detail in the appendix A 3.
The main contributions to the intake at both local and regional exposure are the DOSEdrw
and the DOSEfish with fractions of about 78 and 22%, respectively, to the total daily dose.
4.1.1.6

(Combined exposure)

4.1.2

Effects assessment: Hazard identification and Dose (concentration) response (effect) assessment

4.1.2.1

Toxico-kinetics, metabolism and distribution

Animal data:
Absorption
A good absorption via the gastro-intestinal tract can be assumed according to the quantity of
excretion via the urine and the faeces in animal experiments (see also chapter elimination). 48
hours after oral gavage of 60 and 3 mg/kg bw 2,4-14C-TDA to male Fischer F344 rats, 65 and
64 % of the administered radioactivity were excreted in the urine, indicating that at least this
amount has been absorbed (Sauerhoff et al. 1977; Timchalk et al. 1994).
2,4-TDA can also penetrate the skin. The penetration of 54% in monkeys is more complete
than the penetration of 24% in humans (adult rhesus monkeys and human volunteers, 4
µg/cm2 14C ring-labelled TDA-dihydrochloride, vehicle acetone, uncovered abdominal skin in
monkeys, uncovered ventral forearm skin in humans, contact area from 3 to 15 cm2, exposure
period 24 hr, urine was collected over a 5-day period and was analysed for the radiolabel)
(Marzulli et al. 1981).

Tissue distribution
In rats the highest tissue concentrations of radioactivity were measured in liver and kidney (7
to 12 µg/g wet weight after an interperitoneal dose) 4 to 24 h after oral (DuPont 1974) or
intra-peritoneal administration of 300 mg/kg bw and 77 mg/kg bw 14C ring-labelled 2,4-TDA,
respectively (Grantham et al. 1979). Levels of radioactivity in heart, lungs, spleen, and testes
were significantly lower (2 to 6 µg/g wet wt). The concentration in blood was maximal after
i.p. injection in rats after 1 to 8 h. It decreased within 6 to 24 h to a low residual level
(Grantham et al. 1979). The peak blood levels after oral dosing were reached within 2 hours
(DuPont 1974). There are no species-related differences in tissue distribution in mice and rats
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(Unger et al. 1980; Unger et al.1978; Grantham et al. 1979). In mice and rats biphasic
progressions of the tissue elimination were observed (Sauerhoff et al. 1977; Unger et al. 1980;
Unger et al.1978).
Biotransformation
After oral administration of 2,4-TDA to rats, rabbits and guinea pigs (50 or 60 mg/kg bw),
only 0.1 to 3 % of the dose was excreted as unchanged compound in the 12 and 24 hr urines
(Timchalk et al.1994; Waring and Pheasant 1976). These results from GC-MS and TLC-MS
analysis, respectively, suggest a nearly total biotransformation. Additional to the elimination
of the unchanged parent compound many metabolites and conjugates could be identified in
the urine with differences in rats and mice. The major urinary metabolites in the rat were 4acetylamino-2-aminotoluene, 2,4-diacetylaminotoluene, and 4-acetylamino-2-aminobenzoic
acid. In the mouse they were 4-acetylamino-2-aminobenzoic acid, 4-acetylamino-2aminobenzoic acid, and 2,4-diacetylaminobenzoic acid. As further metabolites, alphahydroxy-2,4-diacetylaminotoluene and alpha-hydroxy-2,4-diaminotoluene have been
identified. Urinary excretion was faster in the mouse and in addition, the amounts of
metabolites excreted as glucuronic acid conjugates in mice were about twice of that in rats.
2,4-TDA is metabolized to a high extent in mammalian species. It has been found to undergo
oxidation on the aromatic ring as well as the benzylic methyl group to form phenolic and
benzoic acid metabolites (see figure 4.1.2.1). 2,4-TDA and its metabolites are also excreted as
acid-labile conjugates. Rats, rabbits, and guinea pigs will metabolize 2,4-TDA to
aminophenols as a major pathway (about 40% of an oral dose) (Waring & Pheasant 1976).
Grantham et al. (1979) identified using HPLC-MS-analyses acetyl-derivates of
toluylenediamine and diaminobenzoic acid as metabolism products in rats and in mice (see
figure 4.1.2.1). The acetylation pathway represents about 15% of an intraperitoneal dose.
Mono- as well as di-acetyl-derivates of 2,4-TDA were observed in different quantities in the
urine of rats (15% of the dose), rabbits (8%), guinea pigs (8%), and dogs (about < 1% mono
acetyl derivatives were detected using HPLC in 24 h-urine samples of two dogs after oral
doses of 100 mg 2,4-TDA/animal daily for eight days; no further details were given) (Waring
& Pheasant 1976; Burroughs 1975). Grantham et al. (1979) found additional to the acetylderivatives an elimination of sulfate conjugates in 10 % of the dose in the 24-hour urine in
rats and mice, whereas glucuronic acid conjugates occurred at a higher level often in mice
(17.4% of the dose) than in rats (7.5% of the dose). An additional 30 to 35% of the dose were
unidentified water stable metabolites in this study.
In vitro studies in the presence of cytosols of different organs and species show that the Nacetylation giving 4-mono-acetyl- and 2,4-diacetyl-derivates principally occur in the liver.
There are differences evident in species and sex (Glinsukon et al. 1975; Glinsukon 1976). In
comparing the species the N-acetylation in hamsters was the strongest followed by guinea
pigs, rabbits, mice, and rats. With human liver cytosol only traces of N-acetyl-derivates were
observed, and with cytosol of dogs nothing could be found. The acetylation with liver cytosol
of female mice or male rats was greater than in each case in the other sex (Glinsukon et al.
1975). By virtue of the lower acetylation in humans and dogs one can assume different
metabolic pathways in rodents.
N-deacetylation was examined by detecting the products formed during the incubation of 4acetylamino-2-aminotoluene and 2,4-diacetylaminotoluene with the liver cytosol fraction
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from male rats. The cytosol catalyzed the deacetylations to produce 2,4-TDA and 2acetylamino-4-aminotoluene (Sayama et al. 2002).
During incubation of 2,4-TDA with rat liver-S9-Mix from Aroclor-pretreated animals a
dimethyl-diamino-dihydro-hydroxyphenazine was observed as the main metabolite (no data
on the concentration used) (Cunningham et al. 1988).
Binding to macromolecules
After a single oral dose of 0.25 mmol/kg (30.5 mg/kg bw) or 10 multiple doses of 0.1
mmol/kg over a time range of 19 days (12 mg/kg bw) in rats hemoglobin adducts were not
detectable whereas for 2,6-TDA a hemoglobin binding index of 0.2 mmole/mole Hb/dose
(single oral dose) and 0.4 mmole/mole Hb/dose (multiple oral dose) were measured,
respectively (Neumann et al. 1993).
A dose-dependent formation of hemoglobin adducts for 2,4-TDA and 2,6-TDA was reported
by Wilson et al. (1996) for doses from 0.5 to 250 mg/kg bw. The maximum Hb adduct
content amounted to 0.36 nmol/g Hb for both isomers after i.p. application of 250 mg/kg bw
to Fischer F344 rats.
Elimination
The excretion of the 2,4-TDA metabolites predominantly occurs via urine in rats and mice
(Grantham et al. 1979; Timchalk et al. 1994; Sauerhoff et al. 1977). The renal elimination
after i.p. injection in mice is more rapid and more complete than in rats and is essentially
completed in both species after 48 h. Rats excrete up to 74% of the activity via urine within
48 h whereas 92% of the dose was excreted in mice after 48 h (Grantham et al. 1979). After a
single oral dose (0.5, 50 or 60 mg 14C-TDA/kg bw) the rat eliminated 60 to 65% of the dose
within 48 hours in the urine (Sauerhoff et al. 1977; Timchalk et al. 1994). The excretion of
the activity in the feces of rats after i.v. or i.p. injection was 20 - 30% after 2 to 5 days. Since
these studies show very similar fecal excretion rates it can be assumed that the absorption of
2,4-TDA in rats after oral dosing is almost complete and the fecal elimination of orally
administered 2,4-TDA occurs via bile. Within 2 days mice excreted only 3% of the total
radioactivity in the feces after i.p. injection (Grantham et al. 1979).
A study in rats with oral administration or i.v. injection of 3 mg/kg bw resulted in an
elimination half-life time in urine of 4.6 h. An oral dose of 60 mg/kg bw increased the
elimination half-life to 8 hours (Timchalk et al., 1994).
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Figure 4.1.2.1: Metabolic scheme of 2,4-TDA
(according to Grantham et al. 1979; Waring & Pheasant 1976; Timchalk 1994; Bartels et al.
1993)
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The subchronic pretreatment with 2,4-TDA in mice increased the excretion in urine within 6 h
only insignificantly from 45% up to 54% of the dose (Unger et al. 1979) with a decrease of
elimination with the feces.
Human data:
2,4-TDA can penetrate the skin. The penetration of 24% over an exposure time of 24 h in
adult male humans (4 µg/cm2 TDA dihydrochloride, vehicle aceton, skin contact area from 3
to 15 cm2) was shown (Marzulli et al. 1981).
In an in-vitro-study with human liver only traces of N-acetylated 2,4-TDA were observed,
less than 1% of the level of hamster liver cytosol (Glinsukon et al. 1975).
Summary
2,4-TDA is almost completely absorbed via the gastrointestinal tract in animals, and well
absorbed via the skin (in man 24% over an exposure time of 24 h). No data are available on
inhalation. Thus, for risk assessment purposes a systemic availability of 100% will be applied
(worst case assumption).
In rats the highest tissue concentrations were measured in liver and kidney after oral or
intraperitoneal administration. Concentrations in heart, lungs, spleen, and testes were
significantly lower. The concentration in blood was maximal after i. p. injection in rats after 1
to 8 h. There are no species -related differences in tissue distribution in mice and rats.
In rats, rabbits, and guinea pigs unchanged 2,4-TDA was excreted via urine from 0.1 to 3%.
2,4-TDA is hydroxylated on a major pathway at the ring under formation of aminophenols
and N-acetylation takes place. Mono- as well di-acetyl-derivates were observed in different
quantities in the urine of rats, mice, rabbits, guinea pigs, and dogs. However, only very small
amounts of the monoacetyl derivative were detected in dogs. It was found an elimination of
sulfate conjugates in the 24-hour urine in rats and mice, whereas glucuronic acid conjugates
occurred at a higher level often in mice than in rats.
The excretion of the 2,4-TDA metabolites predominantly occurs via urine in rats and mice. A
study in rats with oral administration or i.v. injection of 3 mg/kg bw resulted in an urinary
elimination half-life of 4.6 h. An oral dose of 60 mg/kg bw increased the elimination half-life
to 8 hours.
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4.1.2.2

Acute toxicity

2,4-TDA
Animal data:
Oral
Pure 2,4-TDA has proven to be toxic in tests with rats and mice, resulting in oral LD50 values
between 73 and 350 mg/kg body weight:
In a test performed similar to current EU and OECD guidelines, an oral LD50 value of 73
mg/kg bw was determined for female rats and a value of 136 mg/kg bw for male rats: m-TDA
(vehicle lutrol) was administered orally to groups of 10 male rats each, using doses of 200,
180, 150, 100 and 50 mg/kg bw. A dose of 50 mg/kg did not cause mortalities or clinical
signs. 2/10 male rats died after application of 100 mg/kg within 5 days; 5/10 rats died after
application of 150 mg/kg within 4 days; 8/10 died after 180 mg/kg and 10/10 after 200 mg/kg.
In a second study, the substance was orally applicated to groups of 10 female rats each, using
doses of 500, 100, 70, 50 and 10 mg/kg bw. A dose of 10 mg/kg did not cause mortalities or
clinical signs in this test. 1/10 female rats died after application of 50 mg/kg at day 3; 5/10
died after application of 70 mg/kg within 4 days; 8/10 died after 100 mg/kg and 10/10 after
application of 500 mg/kg. Clinical signs observed in males at doses > 50 mg/kg and in
females at doses > 10 mg/kg included bad general appearance, enhanced diuresis, sedation,
diarrhea and loss of body weight. At necropsy, no macroscopically visible changes were
detected (Bayer 1981, unpublished report).
In a test with 10 rats per dose using a „standardized method“ (no further information) an oral
LD50 value of 270 mg/kg bw was determined. Clinical signs included apathy; deaths
occurred within a few days (days of deaths not stated). At necropsy, slight hyperaemia of the
lungs, discoloration of lungs and livers and inflammation in the gastro-intestinal tract were
detected. Methaemoglobin was slightly enhanced at the LD50 dose 48 hours after substance
application (but even after i.p. application only MetHb levels of 8% were observed).
Maximum values of methaemoglobin were found after 48 hours following oral exposure: in
mice 2,08 and 2,97% were measured after dosing with 300 and 350 mg/kg, respectively. In
rats, values between 2.06 and 3.18% were observed after dosing between 240-540 mg/kg bw .
Heinz bodies could not be detected (Weisbrod and Stephan 1983). In a similar test with 10
mice per dose using this „standardized method“ (no further information) an oral LD50 value
of 350 mg/kg bw was determined. As in the test with rats, clinical signs included apathy and
deaths occurred within a few days (days of deaths not stated). At necropsy, slight hyperaemia
of the lungs, discoloration of lungs and livers and inflammation in the gastro-intestinal tract
were detected. Methaemoglobin was slightly enhanced at the LD50 dose 48 hours after
substance application, Heinz bodies could not be detected (Weisbrod and Stephan 1983).

Inhalation
There are no data available on acute inhalation toxicity of pure 2,4-TDA. However, taking
into account the fact that a mixture of 80% 2,4-TDA and 20% 2,6-TDA has a similar acute

78

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
toxicity profile as pure 2,4-TDA, results of tests with that 80/20 mixture are considered
sufficient to assess the acute inhalation toxicity of the pure 2,4-TDA.
Rationale:
Oral exposure: in rats, the LD50 for pure 2,4-TDA was found to range between 73 and 350
mg/kg bw, whereas for the 20/80% isomeric mixture of 2,4/2,6 TDA an LD50 between 150179 mg/kg bw was observed. Dermal exposure: for rats, LD50 values of 1200 and 463 mg/kg
bw, respectively, were observed for pure 2,4-TDA and the 20/80% isomeric mixture of
2,4/2,6 TDA. Since the isomeric mixture showed similar toxicity via the oral and greater
toxicity via the dermal route, it was considered appropriate to refer to an inhalation study with
the isomeric mixture, since no data were available for pure 2,4-TDA.
Inhalation toxicity of the 80/20 mixture of 2,4/2,6-TDA seems to be of no concern as judged
on the basis of tests with rats, mice and rabbits. These tests are not in compliance with current
test guidelines. Nevertheless, they can be used for risk assessment.

Dermal
A dermal LD50 value of 1200 mg/kg bw was determined for rats using „a standardized
method“ with 10 rats per dose (24 hours application with water as vehicle, no further
information). Clinical signs observed included apathy, deaths occurred within a few days
(days of deaths not stated). At necropsy, slight hyperaemia of the lungs, discoloration of lungs
and livers and inflammation in the gastro-intestinal tract were detected. Methaemoglobin was
slightly enhanced at the LD50 dose 6 hours after substance application. Maximum values of
methaemoglobin were found after 6 hours following dermal exposure in rats, ranging between
1,22-3,39% after application of 900 and 1200 mg/kg bw. Heinz bodies could not be detected
(Weisbrod and Stephan 1983).

Human data:
No data available.
Isomeric mixture 2,4/2,6-TDA (80/20)
Animal data:
Oral
The 80/20 mixture of 2,4/2,6-TDA was toxic to harmful in tests with rats, mice, rabbits and
cats, resulting in oral LD50 values between 50 and 500 mg/kg body weight. None of the tests
was performed according to current test guidelines:
In two tests with female rats, oral LD50 values were detected for the 80/20 mixture of 2,4/2,6
TDA using the vehicles lutrol (LD50 = 150 mg/kg body weight) in the first and arachis oil
(LD50 = 164 mg/kg bw) in the second test: Five to six doses ranging from 80 to 220 mg/kg
were used. At the highest dose of 200 or 220 mg/kg 9/10 or 10/10 of the rats died. Death
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occurred within 1 to 9 days. Clinical signs included sedation and bad general appearance
(Bayer 1974, unpublished report).
For male rats (15 animals/dose group) different LD50 values for oral application of TDA with
vehicle dimethyl sulfoxide were calculated after a 2 days (LD50 = 927 + 138 mg/kg bw) and
after a 14 days (LD50 = 502 + 205 mg/kg bw) observation period in order to demonstrate that
delayed deaths were observed (this observation is supposed to show a difference between
early deaths caused by depression of the central nervous system, and delayed deaths caused
by visceral toxicity). Deaths occurred within 1 to 4 days. Major clinical signs were central
nervous system depression manifested by a decrease in spontaneous activity. Tremors and
twitches preceding motor incoordination and loss of righting reflex were observed. At
necropsy, light brown patches and dark spots in liver were detected (Zalchari, 1978).
An oral LD50 value of 179 mg/kg bw was calculated with a study with 15 male rats per dose
using 8 different doses ranging from 25 to 500 mg/kg. Deaths occurred within 6 days, the
dose without clinical signs was 25 mg/kg bw. No clinical signs were reported (Bayer 1971,
unpublished report).
An oral LD50 value of 380 mg/kg b.w. was calculated within a study with 15 male micee per
dose using 7 different doses ranging from 50 to 1000 mg/kg bw. Deaths occurred within 4
days, the dose without clinical signs was 50 mg/kg bw. No clinical signs were reported (Bayer
1971, unpublished report).
An LD50 value of approximately 500 mg/kg was calculated in a study with 3 male rabbits per
dose using doses of 50, 250 and 500 mg/kg bw. Doses of 50 and 250 mg/kg bw did not cause
any mortality nor clinical signs. After oral application of 500 mg/kg bw 2/3 rabbits died
within 2 days; and 3/3 animals exhibited clinical signs including bad general appearance,
laboured respiration and cyanosis (Bayer 1971, unpublished report).
In a study on formation of methaemoglobin after a single oral dose, 1/2 female cats died after
oral application of 50 mg/kg within 48 hours: two cats per dose group were orally treated with
doses of 0.5 and 2.5 mg/kg bw substance (males) or 10 and 50 mg/kg bw (females). At all
doses enhanced methaemoglobin formation was detected ranging from a 70% increase after a
50 mg dose and a 5.4% increase after a 0.5 mg dose. General appearance was not changed
after application of the doses 0.5 and 2.5 mg/kg bw. At higher dose levels of 10 and 50 mg/kg
bw, reduced well-being was observed (Bayer 1971, unpublished report).
Inhalation
Inhalation toxicity of the 80/20 mixture of 2,4/2,6-TDA is considered to be low as judged on
the basis of tests with rats, mice and rabbits. These tests are not in compliance with current
guidelines. Nevertheless, they can be used for risk assessment.
In a study with rats and mice LC50 values of > 5.57 mg/l/4 hours were calculated. This test
used calculated concentrations of vapour-dust-mixtures with a high amount of particles and
thus, the effective concentration was probably lower because of deposition of compound: Ten
rats and 20 mice were exposed for 4 hours (whole-body exposure, sex of the animals not
reported) to concentrations of approximately 5.57 mg / l (generated by dispersing fumes of
80°C heated substance by means of a propeller). No mortalities occurred within an
observation period of 14 days, but all animals demonstrated bad general appearance and
laboured respiration. A similar study with rats and mice using concentrations of approx. 1.835
80

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
mg/l (generated by means of 100°C heated substance) revealed no mortalities and no clinical
signs (Bayer 1971, unpublished report).
In a second study, two rabbits (whole-body exposure, sex of the animals not reported) were
exposed for 4 hours to concentrations of approximately 17.16 mg / l (generated by dispersing
fumes of 140°C heated substance by means of a propeller). One animal died within an
observation period of 14 days. Clinical signs included bad general appearance and laboured
respiration. No signs of nasal irritation were detected. A similar study using two rabbits and
9.487 mg/l substance concentration (generated by means of 100°C heated substance) revealed
no mortality, clinical signs were similar to those in the first study (Bayer 1971, unpublished
report).
Dermal
In a study performed similar to the current OECD test guideline, a dermal LD50 value of 463
(326-658) mg/kg body weight was detected for female rats: The 80/20 mixture of 2,4/2,6TDA was dermally applied to 5 or 10 animals per dose (24 hours occlusive application,
vehicle arachis oil) with 6 different doses ranging from 50 to 1000 mg/kg. Clinical signs
observed included bad general appearance, disturbance of respiration and convulsions starting
at about 1 hour after application and lasting till the end of the study at day 7. At higher doses,
paralysis of hind legs and cyanosis were observed. The animals dosed at 50 mg/kg did not
demonstrate any macroscopically visible changes at necropsy. However, at higher doses blueblack discolouration of skin and subdermis, sub-serous and petechial haemorrhages in
stomach, ulcera in the gastro-intestinal tract, discoloured kidneys, changes in the liver and
enlarged adrenals were detected at necropsy (Bayer 1974, unpublished report).
Human data:
no data available
Conclusion:
Human data on acute toxicity of 2,4-TDA are not available. In animal tests the substance was
toxic after oral (with LD50 values between 73 and 350 mg/kg bw) and harmful after dermal
application (LD50 value of 1200 mg/kg bw). Based on these test results, the substance is to be
classified as „toxic“ and labeled with R 21 (harmful in contact with skin) and R 25 (toxic if
swallowed). Formation of methaemoglobin is a characteristic effect of TDA isomers observed
in animals. According to Bayer (1971, unpublished report) cats are very sensitive for this
effect, however, humans are assumed to be less sensitive.(cf. Blom, 2001).
No human nor animal data are available on acute inhalation toxicity of pure 2,4-TDA.
However, taking into account the fact that a mixture of 80% 2,4-TDA and 20% 2,6-TDA has
a similar acute toxicity profile as pure 2,4-TDA, results of tests with that 80/20 mixture are
considered sufficient to assess the acute inhalation toxicity of the pure 2,4-TDA. Assessment
of acute inhalation toxicity of the mixture is based on results of tests lacking reliable detection
of concentrations inhaled. No mortality occurred after a 4 hour inhalation to concentrations of
appr. 5.57 mg/l, but all animals appeared in a bad health state. No effects were seen at 1.8
mg/l, therefore this concentration will be used as NOAEC for risk characterisation.
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4.1.2.3

Irritation

2,4-TDA
Animal data:
No skin irritation was observed in a Draize test according to OECD Guideline 404 with 3
rabbits: 500 mg of the substance (moistened with water) was occlusively applicated to the
skin for 4 hours. None of the rabbits exhibited any signs of irritation (Bayer 1982,
unpublished report).
Slight conjunctival redness was observed in a Draize eye irritation test using 3 rabbits: 100
mg of the substance was instilled into one eye of each of the animals. Only slight conjunctival
redness (grade 1) was detected in 1/3 animals over a period of 72 hours (Draize scores for
conjunctival redness for 1, 24, 48, 72 hours and 7 days were 0/0, 1/0, 1/0, 1, and 0/0, values
for treated/ untreated eye). Neither corneal nor iridial lesions were observed. After an
observation time of 7 days, no effects were present. (Bayer 1982, unpublished report).
Animal data on respiratory irritation are not available from acute inhalation studies.

Human data:
No data available.

Isomeric mixture 2,4/2,6-TDA (80/20)
Animal data:
„Moderate dermal irritation“ was observed after a 24 hours exposure time within a Draize
skin test with rabbits: No edema but erythema grade 1 were detected in 3 rabbits 24 hours
after exposure (no data on method used). Erythema enhanced within 3 days and thus, all 3
animals demonstrated erythema grade 2 at the observation time of 72 hours (end of the study).
Reversibility of these enhancing skin irritation was not examined (Dunn 1978a) The study
was not considered as appropriate for risk assessment.
In a Draize eye test with 6 rabbits the substance demonstrated severe corrosive properties
when instilled to the eye: Corneal opacity (grade 4), severe iritis (grade 2), severe hyperemia
(grade 4) and necrosis of the conjunctiva, marked chemosis and discharge were observed
within a three-days observation period (Dunn 1978b).The severe eye lesions would lead to
classification as „irritant“ and labelling with R 41 (risk of serious damage to eyes) according
to EU classification criteria. However, the test item used in this study is described as a
brownish-black crystalline solid; its purity was not given. As pure TDA is a colourless solid,
the tested substance was probably severely contaminated with oxidation products exhibiting
different toxicity. Hence, this study should be regarded as invalid. Taking into account the
result of a former study with rabbits, which noted pronounced erythema and chemosis after
application of 50 mg 2,4-/2,6-TDA (80/20), reversible within 4 days (Bayer 1971,
unpublished report, no details reported), lead to the conclusion that the existing classification
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with R36 should be warranted. No effects were observed in another Draize test, when 0.1 mL
of a 5% solution of 2,4-/2,6-TDA (80/20) was used (Blades, 1976).
Animal data on respiratory irritation were not reported from acute inhalation studies.

Human data:
No data available.

Conclusion:
Human data on local irritation/corrosion due to 2,4-TDA are not available. In Draize tests
with rabbits, the substance did not cause skin irritation and demonstrated only slight
conjunctival redness after instillation to the eye. Thus, labelling of the pure 2,4-TDA with R
36 (irritating to eye) according to current EU regulations is not appropriate. Studies on eye
irritation of 2,4-/2,6-TDA (80/20) lead to the conclusion, that the existing classification of the
isomeric mixture with R 36 should be warranted. No reliable studies on skin irritation for 2,4/2,6-TDA (80/20) have been performed. Data on respiratory irritation are not available from
acute inhalation studies.
4.1.2.4

Corrosivity

Results from Draize tests reported in 4.1.2.3 clearly demonstrate that 2,4-TDA is not a
corrosive substance.

4.1.2.5

Sensitisation

2,4-TDA
Animal data:
In a Magnusson Kligman test 10/10 guinea pigs showed a positive response after the first
challenge of a 25% test concentration. After a second challenge with a 5% test concentration
5/10 animals reacted positively (i.d. concentration: 0.5%; topical induction concentration;
50%; Kynoch and Elliot 1977). In a modified Draize test none of the 7 guinea pigs showed a
positive response after treatment with a 0.1% test concentration in DMSO (Allied Chemical
Corporation 1978c). The first test was conducted in compliance with OECD Test Guideline
406, but not the second test.
Animal data on respiratory sensitisation is not available.

Human data:
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Patch tests were performed on 40 patients with various kinds of dermatitis and eczema. All
patients were hypersensitive to p-phenylenediamine. Cross sensitivity to m-toluene diamine
was detected in 67.5% of the patients. The test concentration was 2% in yellow paraffin
(Kleniewska 1975). These data show an extremely high cross sensitization rate.
Data on respiratory sensitisation of humans is not available.

Conclusion:
Based on a sensitization rate of up to 100% in a Magnusson Kligman test the substance is
labelled as R 43 (may cause sensitization by skin contact). In addition, in humans cross
sensitivity to p-phenylene diamine has to be considered. Animal or human data on respiratory
sensitisation is not available.

4.1.2.6

Repeated dose toxicity

2,4-TDA
Animal studies
Results of the most reliable repeated dose toxicity studies using the oral route (feeding and
gavage) of exposure to 2,4-TDA identified the liver as the main target organ and documented
that 2,4-TDA induced toxic effects on the male reproductive system. In a series studies these
effects of 2,4-TDA on reproduction, especially on the fertility of male rats was examined.
Further information for that is described in section 4.1.2.9. However, these studies did not
follow the present repeated dose toxicity testing protocols (only adult male rats were studied).
Most of them have been focused on selected parameters.
Several experimental investigations are long-term studies designed for examination of
carcinogenicity. Information on nonneoplastic findings of 2,4-TDA in experimental animals
is also available from these studies, described in detail in section 4.1.2.8. Therefore, for longterm studies see also: 4.1.2.8.

Oral


Gavage studies

8-day study (mouse)
The effects of repeated oral exposure of 2,4-TDA over a period of 8 days have been
investigated in mice, in order to provide suitable exposure levels for subsequent reprotoxicity
studies. In the study, 10 female CD-1 mice/dose group were administered orally by gavage
with 0, 150, 175, 200, 225, and 250 mg/kg bw/day 2,4-TDA (purity commercial grade)
suspended in corn oil for up to 8 days following a post-dosing period of 8 days. There were
no haematological and/or biochemical parameters, and no histopathology available. With 175
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mg/kg bw/day or more there was retardation of body weight gain (10%) and mortality from
the fifth dosing day to the fifth post-dosing day. During the exposure period animals showed
rough coat, and hunched posture. The maximum tolerated dose (MTD) was 150 mg/kg
bw/day (Smith 1983).

14-day study (mouse)
This study was carried out to determine the toxic and immunotoxic potential of 2,4-TDA.
Female B6C3F1 mice (no data on number/group, a total of 864 mice were used) were
administered by gavage for 14 consecutive days to vehicle (distilled water) or 2,4-TDA
(purity commercial grade) at doses of 25, 50, and 100 mg/kg bw/day. On day 15, one day
after the last exposure, the animals were evaluated for immunologic parameters. There was a
slight decrease in body weight gain (not significant) during the first week in mice exposed to
100 mg/kg bw/day 2,4-TDA. After two weeks of treatment the body weight gain was
comparable to that of controls. In all dosed mice, there were no changes in erythrocytes
parameters including erythrocyte number, heamoglobin, or heamatocrit. At ≥25 mg/kg
bw/day, leucocyte number increased dose dependently up to 60% above the level of control
group. In addition, an increase of proportion of lymphocytes in the blood was seen. Alanine
aminotransferase activity was increased and urea nitrogen levels were depressed at ≥50 mg/kg
bw/day. At necropsy, there were no treatment-related gross lesions in all dosed mice. An
increase in absolute and relative liver weight was seen at 100 mg/kg bw/day (42%) and a
decrease in spleen weight was also noted. Mild to moderate centrolobular necrosis in the liver
was observed at 50 and 100 mg/kg bw/day. Microscopic examination of other organs (lung,
thymus, spleen, kidney or mesenteric lymph node) revealed no effects. At ≥25 mg/kg bw/day,
the following immune parameters were suppressed: splenic macrophage phagocytosis (45%),
IgM (46%) and IgG (56%) responses in sheep erythrocytes, serum C3 production, host
resistance to bacteria infections and NK cell activity (39%). A number of immune parameters
are enhanced including number of blood leucocytes, proportion of lymphocytes in the blood,
proportion of T and B lymphocytes in the spleen, the delayed hypersensitivity response
(123%) and hepatic reticuloendothelial activity. The host resistance to either of two tumor
models was unaffected by 2,4-TDA exposure.
The presented data of the study indicated that the liver is an important target organ for 2,4TDA exposure in mice. Evidence for liver damage includes increased liver weight, increased
ALAT and depressed urea nitrogen at ≥50 mg/kg bw/day. Mild to moderate centrolobular
necrosis in the liver was also observed at 50 mg/kg bw/d. Alterations in some immune
parameters were described in mice at dosage of > 25 mg/kg bw/day. An overall NOAEL was
not demonstrated (White 1989 et al.; Burns 1994 et al.).

•

Diet studies

3- to 10-week studies (rat)
In experiments to determine the effect of 2,4-TDA on spermatogenic tissues, groups of male
Sprague-Dawley rats were fed a diet containing 0, 0.03, or 0.06% (approx. 0, 15, or 30 mg/kg
bw/day) 2,4-TDA (purity 98%) for up to 10 weeks. Effects on androgen-binding protein
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(rABP) production, on ultrastructural changes in seminiferous tubules, and on testicular and
epididymal weights were evaluated and in addition, early effects of 2,4-TDA administration
on spermatogenesis and testicular morphology were determined. Testes and epididymides
were examined. Blood was collected for determining serum rABP or testosterone
concentrations. No other tissues or organs were examined. Further information is described in
section 4.1.2.9.
In the first experiment, 9 rats/group were fed a 0, or 0.03% (0, and approx. 15 mg/kg bw/d)
2,4-TDA diet for 10 weeks. Treated rats showed a 3.8- and 8.9-fold increase in serum rABP
content and in testicular cytosol concentration, respectively; media of cultured seminiferous
tubules contained 7 times as much rABP levels as those of control tubules, whereas a 67%
decrease in epididymal rABP levels was determined. Examination of testicular tissue by
electron microscopy showed variable degenerative changes in Sertoli cells. Affected cells
exhibited differing degrees of cytoplasmatic swelling, membrane disruption, and
vacuolization. These findings were patchy in distribution. Spermatocytes and spermatids
showed no ultrastructural abnormalities.
In the second experiment, groups of 5 animals were fed 0, or 0.03% (0, or approx. 15 mg/kg
bw/d) 2,4-TDA containing diet. After 4, 6, 8, and 10 weeks, one experimental and one control
animal were sacrificed and testes and epididymides were examined. Intake of 2,4-TDA for 4,
6, or 8 weeks resulted in significantly decreased body weight gain (p<0.01) in the 2,4-TDA
treated animals when compared to controls and in a doubling of testes/body weight ratios
(significant in week 6, p<0.05; and in week 8, p<0.01) and a highly correlated 2.5- to 2.9-fold
increase in seminiferous tubule fluid volume. After 10 weeks of treatment to 0.03% 2,4-TDA,
testicular weight was the same as in controls but seminiferous tubule fluid volume was still
elevated. Epididymal weights were significantly increased after 4 weeks (p<0.02) and
significantly decreased after 10 weeks (p<0.05) on 2,4-TDA feeding. No effect on epididymal
sperm counts was seen after 4 weeks of 2,4-TDA intake; the count then decreased to 37-57%
of control rats when feeding 2,4-TDA was extended to 6, 8, or 10 weeks.
In the third experiment, groups of 9 rats were fed a diet containing 0, or 0.06% (0, or approx.
30 mg/kg bw/d) 2,4-TDA for 1 or 3 weeks. The administration of 0.06% 2,4-TDA in the rat
for one week led to a significantly decrease in body weight gain, epididymal sperm content
(25%), and in epididymal weight, without gross testes effects. Some Sertoli cells contained a
few small cytoplasmic vacuoles, but the alterations in treated animals were limited and most
Sertoli cells had normal ultrastructural appearance. After 3 weeks of 0.06% 2,4-TDA feeding,
body weight gain was significantly lower in comparison to controls (Doses 0/0.06%:
+20.8/+4.4%) and sperm counts were further reduced (40%), and were accompanied by a
dramatic increase in testes weight (more than doubled). At necropsy, the color and
consistency of the seminiferous tubules appeared normal. Examination of testicular tissue in
electron microscopy showed thickening of the peritubular tissue and topographical
irregularities in the tubular basal lamina. No significant changes in serum testosterone levels
were noted in the 2,4-TDA treated rats for one or three weeks. The results of this third
experiment demonstrate toxicity on testicular spermatogenesis within 3 weeks of 2,4-TDA
feeding, and suggest that the early inhibition of spermatogenesis by 2,4-TDA is mediated
through Sertoli cell damage.
Overall, treatment of rats to 0.03% (approx. 15 mg/kg bw/d) 2,4-TDA for 10 weeks
demonstrated changes in tissue rABP, and changes in Sertoli cell cytostructure. Treatment
with 0.03% (approx. 15 mg/kg bw/d) 2,4-TDA for 4, 6, and 8 weeks led to reduced body
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weight gain and increase in testes weights (nearly doubled testes/body weight ratios). Even
feeding of 0.06% (approx. 30 mg/kg bw/d) 2,4-TDA for one week resulted in significantly
decreased body growth, smaller epididymidis, a 25% decrease in epididymal sperm content,
without gross testes effects or major Sertoli cell alterations. After 3 weeks of treatment of
0.06% (approx. 30 mg/kg bw/d) 2,4-TDA, rats showed reduced epididymal sperm reserves,
and increased alterations in Sertoli cell ultrastructure. These data demonstrated toxic effects
on sperm production within one week of 0.06% (approx. 30 mg/kg bw/d) 2,4-TDA feeding.
The sperm counts and ultrastructural changes seen after three weeks of dietary TDAtreatment differed from those seen at 10 weeks of 2,4-TDA feeding only in their severity. A
NOAEL for effects on the male reproductive system could not be derived in this study
(Varma et al. 1988).

7-week studies (rat and mouse)
The effects of repeated oral exposure of 2,4-TDA over a period of 7 weeks have been
investigated in rats and mice, in order to provide suitable exposure levels for subsequent
carcinogenicity studies. As such, no clinical chemistry and haematological parameters were
measured. Groups of 5 F344 rats and 5 B6C3F1 mice of each sex were fed diets containing
2,4-TDA at one of several doses for 7 weeks, followed by one week post observation. Rats
received doses of 0, 250, 500, 1000, 2000, or 3000 ppm (0, approx. 18, 36, 72, 144, or 216
mg/kg bw/d) 2,4-TDA (purity 99.9%). Mice were given doses of 0, 100, 200, 300, 500, 700,
or 1000 ppm (0, approx. 15, 30, 45, 75, 105, 150 mg/kg bw/d).
In rats mortality was noted at > 2000 ppm (≥144 mg/kg bw/d). At doses of > 500 ppm (≥36
mg/kg bw/d), a dose-dependent decrease of body weight gain was induced.
Dose [ppm]

mean weight at week 7 as
% of control: male/female:

250

96/91

500

82/93

1000

59/80

In rats receiving 1000 ppm (approx. 72 mg/kg bw/d), slight increases in heamatopoesis in the
liver and cytoplasmatic vacuolation of hepatocytes were observed in both sexes. In addition,
small amounts of bile duct hyperplasia occurred in males. In the rat, no adverse effects were
shown at 250 ppm (approx. 18 mg/kg bw/day).
In mice mortality was noted from 1000 ppm (approx. 150 mg/kg bw/d). No clinical or
histopathological findings were reported for the male mice at 700 ppm (approx. 105 mg/kg
bw/d) or for the females at 1000 ppm (approx. 150 mg/kg bw/d). At 200 ppm (approx. 30
mg/kg bw/d), female mice showed a depression in body weight gain of 10% and at 1000 ppm
of 25%, respectively.
The overall NOAEL was 250 ppm (approx. 18 mg/kg bw/d) for rats and 100 ppm (approx. 15
mg/kg bw/d) for mice (NCI 1979).
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10-week studies (rat)
In another feeding study, effects of 2,4-TDA on the male reproductive system were evaluated.
Adult male Sprague-Dawley rats in groups of 8-10 received 0, 0.01, or 0.03% (0, approx. 5,
or 15 mg/kg bw/d) 2,4-TDA (purity 98%) in the basis diet for 10 weeks and were killed 4
weeks after treatment. Testes and epididymides were examined by light microscopy. Further
information is described in section 4.1.2.9.
No effects relating to mortality and body weight gain were found in animals fed 0.01%
(approx. 5 mg/kg bw/d) 2,4-TDA for 10 weeks. At 0.03% (approx. 15 mg/kg bw/d) 2,4-TDA,
animals showed a decrease in body weight gain after 4 weeks of treatment, such that the total
weight gain was 27% less than of control rats. Light microscopic examination of the testes
revealed reduced numbers of sperm in the seminiferous tubules. There were focal (occasional)
or diffuse hypospermatocytogenesis (more than half of seminiferous tubules affected). No
evidence of interstitial cell degeneration was found. Some tubules in affected testes were
characterized by exfoliation of cells into the tubular lumen. In addition, a decreased numbers
of sperm in cauda epididymides were noted. Numerous seminiferous tubules from affected
testes and from epididymal tubules were devoid of sperm. Spermatogonia in affected tubules
were generally absent. No such signs of toxicity were found in animals fed 0.01% 2,4-TDA
(approx. 5 mg/kg bw/d) for 10 weeks. Results presented in this study indicate that 2,4-TDA is
capable of exerting an inhibitory or toxic effect on spermatogenesis in the rat (Thysen et al.
1985a).
A further experiment was undertaken to evaluate the endocrinologic and spermatogenic
effects of 2,4-TDA in the rat. Adult male rats were fed 2,4-TDA (purity 98%) at dose levels
of 0, 0.01, and 0.03% (0, approx. 5, and 15 mg/kg bw/d) for 10 weeks followed by normal
feeding for 11 weeks. At the end of week 10 and at 11 weeks post 2,4-TDA treatment, the
animals were killed, and cauda epididymal sperm counts and reproductive organ (testes,
epididymidis, seminal vesicle, ventral prostate) weights were measured. Blood samples were
obtained for analyses of testosterone and gonadotropins. At 0.03% (approx. 15 mg/kg bw/d)
2,4-TDA for 10 weeks, animals gained 36% less body weight than the control animals. In
addition, there was a significant decrease in seminal vesicles (p<0.05) and mean epididymal
weights (p<0.05). The mean testes and prostate weights of 2,4-TDA-treated rats were similar
to those from controls. However, diminished sperm reserves were found in animals at the
dose of 0.01% (approx. 5 mg/kg bw/d) 2,4-TDA. Males treated with 0.03% (approx. 15
mg/kg bw/d) 2,4-TDA showed a significant decrease (p<0.05) in sperm count. The serum
testosterone levels were significant reduced (p<0.05) in these males. In accordance with that
elevated LH concentrations were noted. No significant treatment-related effects were seen in
analyses of FSH.
After treatment-free period of 11 weeks, the sperm count in animals treated with 0.03%
(approx. 15 mg/kg bw/d) 2,4-TDA remained significantly depressed (p<0.001). Sperm
concentrations correlated well with the testes and epididymdis weight. There was a significant
decrease in mean testis weight (p<0.001) and a significant decrease in mean epididymdis
weight (p<0.001) among these males. No significant changes in mean seminal vesicle and
ventral prostate weights compared to controls were noted. The serum testosterone levels were
lowered and the LH concentrations were elevated, both non-significantly, whereas FSH levels
were not significantly changed by treatment.
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Overall, the results indicate that 2,4-TDA exerts a dose-related toxic effect on
spermatogenesis due to an adverse effect on Sertoli cells. First indications of damage to male
gonads of the rat were get from sperm evaluation. Even at the dose of 0.01% (approx. 5
mg/kg bw/d) 2,4-TDA diminished sperm reserves were noted (for further details cf. 4.1.2.9).
Thus a NOAEL for effects on the male reproductive system cannot be established (Thysen et
al. 1985b).

36-week study (rat)
Two groups, each of 12 male Wistar rats, were fed diets containing 600 or 1000 ppm (approx.
45 or 75 mg/kg bw/d) 2,4-TDA (purity commercial grade) for 30-36 weeks. A third group (6
male rats) was kept as control on the basis diet. Testing procedures and documented results
were comparable to testing efforts according to the current regulatory test protocols.
However, this study is reliable with restrictions.The study has been focused on selected
parameters and was not performed according to GLP,but was nevertheless well documented
and scientifically acceptable. For details see also Chapter 4.1.2.8.
In the 600 ppm (approx. 45 mg/kg bw/d) feeding group, 11 rats survived for 35 weeks, and in
the group fed 1000 ppm (approx. 75 mg/kg bw/d), 9 animals survived for 35 weeks. After 4-8
treatment weeks animals showed a decrease in body weight gain, followed by weight loss
(mean weight as % of control: 0.1%: 51%; 0.06%: 57%). The relative liver weight was 300%
or more of the controls. Liver carcinomas exhibited invasion and showed metastases in male
Wistar rats, given dose levels of 600 ppm (approx. 45 mg/kg bw/d) or more. In the tumorfree
portion of the liver, there was extensive proliferation of oval cells with differentiation to bile
duct epithelium. Numerous areas of nodular hyperplasia were observed in the liver. In
addition, areas of fatty degeneration, cholangiofibrosis and cirrhosis were present. An overall
NOAEL was not demonstrated (Ito 1969 et al.).

15-month study (rat)
This study was designed to evaluate the long-term toxicity of a chlorotoluene diamine
mixture, 2,4-TDA was used as a positive control. 36 male and 36 female ChP-CD rats were
fed a diet containing 1000 ppm (approx. 75 mg/kg bw) 2,4-TDA (purity commercial grade)
for two weeks, 500 ppm (approx. 38 mg/kg bw) for 5.5 months and 250 ppm (approx. 19
mg/kg bw) for 9 months. Calculated average daily intake was 367 ppm (approx. 28 mg/kg
bw). Control group consisted of 12 untreated male and 10 female rats.
In the 2,4-TDA treated groups, both sexes exhibited an increase in mortality rate, a marked
reduction in body weight gain (mean weight as % of control: 33%), slight anemia and
leucocytosis. Microscopically, hemosiderin was found in various tissues in amounts greater
than found in controls. An increase in serum ALP, GPT, and bilirubin levels were noted in
2,4-TDA treated animals compared with controls. These findings are consistent with those
found histopathologically in the liver: focal necrosis of hepatocytes, cystic bile ducts,
cholangitis, cholongiofibrosis, hematopoiesis and hemosiderin. Severe atrophy of the spleen
was seen in both sexes. Males developed proteinuria and glucosuria after 9 months on test. At
microscopic examination of kidneys, treated males showed inflammation of renal pelvis more
frequently than found in controls. Severe testicular atrophy with granulomata formation was a
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consistent finding in all 2,4-TDA-treated males. The addition of 2,4-TDA to the diet resulted
in a statistically significant increase in liver and mammary tumor development in both sexes,
together with a significant increase of lung tumors (mostly adenomas) in males. An overall
NOAEL was not demonstrated (Stula and Aftosmis 1976).

Long-term study (rat and mouse)
A bioassay of 2,4-TDA for possible carcinogenicity was conducted by administering the test
chemical in food to F344 rats and B6C3F1 mice.
Rat
Groups of F344 rats (50 animals/sex/dose) were administered 2,4-TDA (purity 99.9%) at one
of two doses, initially either 125 or 250 ppm (approx. 9 or 18 mg/kg bw/d) for 40 weeks.
Because of excessive depression of amount of mean body weight gained in both low- and
high-dose groups, doses were then reduced to 50 and 100 ppm (approx. 3.7 and 7.4 mg/kg
bw/d). Calculated average intake was 5.9 and 13 mg/kg bw/day. Matched controls consisted
of 20 untreated rats of each sex.
Survival was decreased in male and female rats. The number of rats which were still alive
after 78 treatment weeks were as follows:
Number of rats which were still alive at week 78 on study
Dose

Males

Females

Low dose

42/50 (84%)

46/50 (92%)

High dose

32/50 (64%)

46/50 (92%)

Control

18/20 (90%)

20/20 (100%)

Mortality was dose related in both the male and female rats. Survival was decreased. All
males given 250/100 ppm 2,4-TDA were dead by 79 weeks, and females given high doses
were dead or were terminated due to morbidity by 84 weeks. Mean body weights of dosed
male and female rats were lower than those of the corresponding controls and were dose
related (mean weight as % of control: males: 125/50 ppm: 79%, 250/100 ppm: 58%; females:
125/50 ppm: 93%, 250/100 ppm: 66%). Nonneoplastic findings of this carcinogenesis
bioassay in F344 rats revealed that 2,4-TDA was hepatotoxic. In the liver dosed animals
exhibited various treatment induced nonneoplastic morphologic alterations which ranged
from mild, scattered foci of lipidosis and focal necrosis of hepatocytes to severe, diffuse, toxic
degenerative lesions. The incidence of primary hepatic lesions in rats was as follows:
Number of rats with primary nonneoplastic lesions in the liver
Dose

Males

Females
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Low dose

25/49 (51%)

23/50 (46%)

High dose

36/50 (72%)

42/49 (86%)

2/20 (10%)

1/20 (5%)

Control

In addition kidney lesions were seen in both sexes (most marked in males). Microscopy of the
kidneys revealed nonneoplastic lesions of different severity scored in the 1-5 grading system
(Cardy 1979) (s. under the following table). The average numerical values are listed by dose
and sex in the following table:
Scoring of chronic renal disease in rats
Dose

Low dose

Males
Females
(mean average of severity grades/
number of animals tested)
3.7/49
2.0/50

High dose

3.9/50

2.8/49

Control

2.1/20

1.3/19

1-5 grading system mean: 1 = minimal changes detectable as slight basement membrane
thickening seen most in Bowman’s capsule. 2 = the stage of mild glomerular change and
scattered, atrophic, dilated tubules with intratubular proteinaceous casts. 3 and 4 = subjective
divisions of degree of the above changes along with glomerular atrophy and sclerosis,
lymphoid aggregates, and a variable degree of interstitial fibrosis and architectural
derangement. A score of 4 indicated severe involvement. 5 = reserved for end-stage kidneys.
Corresponding to the renal disease was a high incidence of associated secondary
hyperparathyroidism in low- and high-dose males. The affected parathyroid glands were
spherical and bulged from the surface of the cut thyroid gland. Associated lesions included
metastatic calcification in numerous locations and absorption in bone with proliferation of
osteoclasts and myelofibrosis. Further information on neoplastic effects to 2,4-TDA in rats is
described in section 4.1.2.8. In F344 rats a average dose of 5.9 mg/kg bw/day 2,4-TDA
showed hepatotoxic effects, induced the development of chronic renal disease in this strain,
and an increased incidence of tumors. An overall NOAEL for rats was not demonstrated (NCI
1979; Cardy 1979).
Mouse
Mice were fed 100 or 200 ppm (approx. 15 or 30 mg/kg bw/d) 2,4-TDA for 101 weeks.
Matched controls consisted of 20 untreated mice of each sex. Surviving mice were killed at
the end of administration of the test chemical.
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Mortality was not dose related in either the male and female B6C3F1 mice. Survival rates
were comparable in dose groups and control groups. The number of mice which were still
alive at termination of treatment after 101 weeks were as follows:

Number of mice which were still alive at termination of the study (week 101)
Dose

Males

Females

Low dose

45/50 (90%)

40/50 (80%)

High dose

43/50 (86%)

39/50 (78%)

Control

18/20 (90%)

15/20 (75%)

Mean body weights of dosed male and female mice were lower than those of the
corresponding controls and were dose related except for the low-dose male mice, for which
mean body weights were only slightly lower than those of controls. In female B6C3F1 mice,
there was a dose-related delay in body weight gain of 23-50%. Female mice fed 100 or 200
ppm (approx. 15 or 30 mg/kg bw/d) 2,4-TDA developed a significant number of carcinomas
of the liver. Treated mice also developed hyperplastic nodules in the liver. The incidence of
hepatic lesions was not increased in male mice given 2,4-TDA. Further information on
neoplastic effects to 2,4-TDA in mice is described in section 4.1.2.8. Histological
examination of the kidneys did not reveal any 2,4-TDA-related change. An overall NOAEL
was not demonstrated (NCI 1979; Reuber 1979).

•

Inhalation

No data available.
•

Dermal

No data available.
•

Subcutaneous application

2-year study (rat)
Six aromatic amines or derivates one of them was 2,4-TDA were tested for carcinogenicity in
a subcutaneous injection test with Sprague-Dawley rats. 30 rats per dose and sex were
administered by subcutaneous injections at doses of 0, 8.33, or 25 mg/kg bw 2,4-TDA (purity
commercial grade) once a week until appearance of the first test substance-related tumor, with
a maximum of a 2-year treatment. In addition to the control group receiving the vehicle
(peanut oil), there was another, similar, untreated group, and a positive control group
receiving benzidine. After cessation of the treatment rats were kept until their spontaneous
death, or until they were in a moribund state and were killed.
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The survival rates were comparable in dose groups and control groups excepted for the 25
mg/kg bw dose male rats, for which survival time was lower than those of controls. Mean
body weights of dosed male and female rats were lower than those of the corresponding
controls and were dose related. Microscopic examination of a number of organs and tissues
revealed no treatment related lesions with the exception of the liver. 16 rats (males and
females altogether) of the 25 mg/kg bw dose group and 7 rats of the 8.33 mg/kg bw dose
group showed: focal necrosis of hepatocytes and/or single cirrhosis in the liver.
Hepatocellular neoplasia was found in 1/120 rats. Furthermore, a dose-related statistically
significant increased incidence of localized malignant tumors at the injection site in males
was noted. An overall NOAEL was not demonstrated (Steinhoff and Dycka 1981).
Other information
The toxicity of 2,4-TDA was examined from the beginning of the last century. These early
studies with limited quality revealed liver damaging effects. In several experiments cited data
such as on the specification and purity of the test substance used, detailed records of the
investigation were incomplete. Most of them have been focused on selected parameters. Main
findings of these studies showed good consistency and therefore, they were also considered
for the effect assessment. In the following chapter, data from these early animal studies were
summarised.
Rats were given 2.5% 2,4-TDA (approx. 1 mg test substance/g rice) in olive oil incorporated
in their diet for up 80 days or longer. Increased mortality was described in rats after 5 days up
to 3 weeks of treatment. No data on controls, haematology and clinical chemistry parameters
were available. Liver histopathology was only reported. The continued feeding of 2,4-TDA to
rats over 60 days resulted in a cirrhosis of the liver named by the author „cirrhosis hepatis
cholangioloplastica annularis“. When rats were given 2,4-TDA in the feed for 60 days, and
thereafter untreated food, cirrhotic lesions quickly disappeared. Histomorphlogical findings in
the liver were interpreted by the author as cancer-like atypical growth on the interlobular bile
ducts (Nagata 1937, 1944).
Summary of animal toxicity data after repeated exposure to
2,4-TDA
From numerous animal studies, the main toxic effects of 2,4-TDA were summarised in the
Table 4.1.2.6A.
Table 4.1.2.6 A
Summary table: Animal toxicity data after repeated exposure to 2,4-TDA
Species/strain
(male/female)
Group size
Exposure
Route
Rat/SpragueDawley
(9m)
oral in feed

Dose
Exposure
duration

NOAEL
Adverse effects
for
↑ increase
nonneoplastic ↓ decrease
effects

0, 30 mg/kg bw/day1
week or
3 weeks

600 ppm (30 mg/kg bw/day)
after 1 week:
↓ body weight gain
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↓ epididymal weight
↓ epididymal sperm content
very small findings in Sertoli
cell ultrastructure (few small
cytoplasmic vacuoles)
after 3 weeks:
↑ testes weight (more than
doubled)

daily

↓ epididymal sperm count
small findings in Sertoli cell
ultrastructure
(5m)
oral in feed

300 ppm (15 mg/kg bw)
after 4, 6, or 8 weeks:
↑ of testes/body weight ratios
↑seminiferous tubule fluid
volume
after 6, 8 or 10 weeks:
↓ epididymal sperm content

0, 15 mg/kg
bw/day
4, 6, 8, or
10 weeks,
daily
(9m)
oral in feed

Rat/F344
(5m/5f)
oral in feed

0, 15 mg/kg
bw/day

10 weeks,
daily
0, 18, 36, 72, 250 ppm
144,
216 (18
mg/kg
mg/kg
bw/day)
bw/day
7
weeks,
daily,
one
week
recovery
period

300 ppm (15 mg/kg bw)
↑ rABP in testes and serum
↓ rABP in epididymidis
variable degenerative effects in
Sertoli cell ultrastructure
2000 ppm (ca. 144 mg/kg
bw/day)
mortality (5/5m, 4/5f, no data
on time point of death)
1000 ppm (ca. 72 mg/kg
bw/day)
↑ liver cell vacuolation (m/f),
bile duct hyperplasia (m)
> 500 ppm (ca. 36 mg/kg
bw/day)
↓ body weight gain (m/f)
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Table 4.1.2.6. A (contin.):
Summary table: Animal toxicity data after repeated exposure to 2,4-TDA
Species/strain
(male/female)
Group size
Exposure
Route
Rat/SpragueDawley
(8-10m)
oral in feed

Rat/SpragueDawley
(8-10m)
oral in feed

Dose
NOAEL
Adverse effects
Exposure for
↑ increase
duration nonneoplastic ↓ decrease
effects
0, 5, 15
mg/kg
bw/day
10 weeks
daily
followed
by
recovery
of 4
weeks
0, 5, 15
mg/kg
bw/day
10 weeks
daily
followed
by
recovery
of
11
weeks

Reference

100 ppm
(5
mg/kg
bw/day)
for
light
microscopic
findings

300 ppm (15 mg/kg bw/day)
Thysen 1985a
↓ body weight gain
↓ testes weights
↓ epididymal sperm count
↑ focal to diffuse hypospermia

-

After 10 weeks:
300 ppm (15 mg/kg bw/day)
↓ body weight gain
↓ seminal vesicles and
epididymal weights
↓ epididymal sperm count
↓ serum testosterone
↑ serum LH
100 ppm (5 mg/kg bw/day)
↓ epididymal sperm reserve
After 10 weeks + recovery:
300 ppm (15 mg/kg bw/day)
↓ sperm count
↓ testes and epididymal
weights
↓ serum testosterone
↑ serum LH
600 ppm (45 mg/kg bw/day)
↓ survival time
↓ body weight gain
↑ liver weight,
proliferation of oval cells, fatty
degeneration, cirrhosis,
cholangiofibrosis, nodular
hyperplasia, hepatocarcinoma
367 ppm (28 mg/kg bw/day)
↑ mortality rate (m/f),
↓ body weight gain (m/f),
slight anemia, leucocytosis
(m/f),

Rat/Wistar
(11m in low
dose, 9m in
high dose)
oral in feed

0, 45, 75 mg/kg
bw/day
36 weeks
daily

Rat/ChP-CD
(36m/36f per
test
group;
12m/12f
in
control group)

Calculate d average
over total
time: 28
mg/kg
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oral in feed

bw/day
75 mg/kg
bw/day
for
2
weeks, 38
mg/kg
bw/day
for
5,5
months,
19 mg/kg
bw/day
for
9
months
total
exposure
of
15
months
daily
Rat/F344
calculated (50m/50f per average:
test
group; 5.7,
13
20m/20f
in mg/kg
control group) bw/day:
oral in feed
0, 9, 18
mg/kg
bw/day
for
40
weeks,
then
reduction
to 3.7, 7.4
mg/kg
bw/day
due
to
depressed
body
weight
gain until
end
of
study, m:
79 weeks,
f:
84
weeks,
control
m/f: 103
weeks;
high dose
exposure
premature

↑ serum ALP, GPT, bilirubin
(m/f),
focal necrosis of hepatocytes
(m/f),
cystic bile ducts (m/f),
severe atrophy of the spleen
(m/f),
liver, and mammary tumors
(m/f)
severe testicular atrophy (m)
inflammation on renal pelvis
(m)
↑ lung tumors (m)

> 5.9 mg/kg bw/day
↓ survival rate (m/f),
↓ body weight gain (m/f)
liver cell degeneration,
lipidosis (m/f)
chronic renal disease (m/f)
↑ liver tumors (m/f)
↑ mammary gland tumors (f)
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ly
terminate
d because
of
morbidity
daily

Table 4.1.2.6 A (contin.):
Summary table: Animal toxicity data after repeated exposure to 2,4-TDA
Species/strain
Group
size
(male/female)
Exposure
route
Mouse/CD-1
(10f) oral by
gavage

Mouse/B6C3F
1
(f: no
number
per
group
available,
a
total of 864
females were
used)
oral by gavage

Dose
NOAEL
Adverse effects
Exposure for
↑ increase
duration nonneoplast ↓ decrease
ic effects

Reference

0,
150,
175, 200,
225, 250
mg/kg
bw/day
8 days, 8
days
recovery
period
daily
0, 25, 50,
100
mg/kg
bw/day
14 days
daily

150 mg/kg > 175 mg/kg bw/day
bw/day
mortality: from the fifth dosing day
to the fifth post-dosing day
↓ body weight gain (10%)
rough coat, and hunched posture
during recovery period

Smith 1983

25
mg/kg
bw/day for
liver effects

White et al.
1989
Burns et al.
1994

> 25 mg/kg bw/day
immune parameters:
↓: splenic macrophage phagocytosis
(45%), IgM (46%) and IgG (56%)
responses in sheep erythrocytes,
serum C3 production, host resistance
to bacteria, NK cell activity (39%)
↑: number of blood leucocytes,
proportion of lymphocytes in the
blood, proportion of T and B
lymphocytes in the spleen, delayed
hypersensitivity response (123%),
hepatic reticuloendothelial activity
> 50 mg/kg bw/day
↑ liver weights (42%)
mild to moderate centrolobular
necrosis
↓ spleen weights
serum chemistries:
↑ ALAT
↓ urea nitrogen
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Mouse/B6C3F 0, 15, 30,
1 (-5m/5f)
45,
75,
oral in feed
105, 150
mg/kg
bw/day
7 weeks,
one week
recovery daily
Mouse/B6C3F 0, 15, 30
1
(-50m/50f mg/kg
per test group; bw/day
20m/20f
101
control group) weeks
oral in feed
daily
Rat/Sprague0, 8.33,
Dawley
25 mg/kg
(30m/30f)
bw
subcutaneous 2
years
application
once
a
week

100 ppm
> 1000 ppm (150 mg/kg bw/day)
(15 mg/kg mortality (2/5m, 0/5f, no data on
bw/day)
time point of death)
200 ppm (30 mg/kg bw/day)
↓ body weight gain (f)

NCI 1979

-

> 100 ppm (>15 mg/kg bw/day)
↓ body weight gain (m/f)
↑ nodular hyperplasia in the liver (f)
↑ hepatocarcinoma, lymphomas (f)

NCI 1979
Reuber
1979
Sontag
1981

-

25 mg/kg bw
Steinhoff
and Dycka
↓ survival time (m)
1981
↓ body weight gain (m/f),
focal necrosis of hepatocytes (m/f),
single cirrhosis, liver tumor in 1/120
↑ incidence of malign tumors at the
injection site (m)

m: male; f: female
Isomeric mixture 2,4-/2,6-TDA (80/20)
Experimental studies have demonstrated that the toxicity of the mixture of the isomers
2,4/2,6-TDA (80/20) is caused by the major constituent 2,4-TDA.

•

Oral

No data available.

•

Inhalation

The studies on inhalation toxicity were only conducted on a preliminary basis. These subacute
inhalation studies were not performed in accordance to the test design of the current
guidelines, B.8, OECD TG 412. Most of them have been focused on selected parameters. The
data presented were only in summary form. No details were available for: lists of parameters
examined, methods, and measuring instruments. Therefore, results of these studies were
assessed as further information.

28-day study (rat)
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A 28-day inhalation study was done with the mixture of the isomers 2,4-/2,6-TDA (80/20)
vapourized at 100°C. The analytically measured concentrations were 9.5, and 83 mg/m3, so
that the values mainly were above the saturated vapor concentration of 10 mg/m3 at 20°C. 20
male Wistar rats were exposed to the mixture of isomers 2,4-/2,6-TDA (80/20) vapors 4 hours
daily, 5 times a week for 4 weeks (whole body exposure). At an average air concentration of
83 mg/m3 (approx. 9 mg/kg bw/d), exposed rats showed no effects compared to the controls
(no data of number and sex) in appearance and condition, but had reduced body weight gain,
and an increase of the relative weight of the liver, kidneys, and thyroid glands, and showed a
relative lymphopenia in blood tests. At necropsy, there were no exposure-related gross
lesions. At 9.5 mg/m3, approx. 1 mg/kg bw/day (calculated with respiratory volume of 6 l/h
and 100% absorption) during 4 weeks, animals showed similar results compared to controls
with respect to behavior and growth. At the end of the exposure, haematology, liver and
kidney function tests, and gross pathology showed no 2,4-TDA-related findings. No data of
histopathology were available. The overall NOAECsys was 9.5 mg/m3 (approx. 1 mg/kg
bw/day) (Kimmerle and Solmecke 1971).

21- and 28-day studies (cat)
2 male cats were exposed to 2,4-/2,6-TDA (80/20) vapors average 41.6 mg/m3 (approx. 4.5
mg/kg bw/d), 4 hours daily, 5 consecutive days/week for 3 weeks (whole body exposure)
followed by a 10 days recovery period. Cats showed increasing general deterioration and a
decrease in body weight. One cat died post exposure (no more data). At the end of exposure
severe methemoglobinemia (30%) were noted. No effects on blood parameters were recorded
10 days after the last exposure. At microscopic examination, there were lesions (not specified)
in the lung, liver, and kidneys (no more data).
In another study 3 male and 3 female cats were exposed to 9.5 mg/m3, 4 hours/day for 5
days/week for 4 weeks. There was no body weight gain during the exposure. Low levels of
methemoglobin formation (2.07%) were found after 2 weeks. The number of reticulocytes
and Heinz bodies of exposed cats was similar to those of controls (no more data).
In summary, at 9.5 mg/m3 2,4-/2,6-TDA (80/20), a low level of methemoglobin formation
(2.07%) were measured. At dose level of 41.6 mg/m3, cats showed severe
methemoglobinemia (30%), retarded body weight gain, and pathomorphological findings (not
specified) in the lungs, liver, and kidneys (no more data). An overall NOAEC was not
derivable (Kimmerle and Solmecke 1971).

Dermal
No data available.

•

Subcutaneous application

2-year study (rat)
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In a subcutaneous injection test, 30 Sprague-Dawley rats per dose and sex were administered
by subcutaneous injections at doses of 0, 8.33, or 25 mg/kg bw 2,4-/2,6-TDA (80/20) once a
week until appearance of the first test substance-related tumor, with a maximum of a 2-year
treatment. Further information is described in section 4.1.2.8.
The survival rates were comparable in the 8.33 mg/kg bw dose groups and control groups. At
25 mg/kg bw, male and female rats showed a decrease in survival time compared to controls.
Mean body weights of all dosed male and female rats were lower than those of the
corresponding controls and were dose related. Microscopic examination of a number of
organs and tissues revealed no treatment-related lesions with the exception of the liver. 11
rats (males and females altogether) of the 25 mg/kg bw dose group and 8 rats of the 8.33
mg/kg bw dose group showed: focal necrosis of hepatocytes and/or single cirrhosis in the
liver. An overall NOAEL was not demonstrated (Steinhoff and Dyca1981).

Other information
Some short-term studies were carried out on Wistar rats, NMRI mice, Syrian golden hamsters,
and rabbits, to give information to repeated dose toxicity of the mixture of isomers 2,4/2,6TDA (80/20) by inhalation. Data from these studies were evaluated as further information.

Groups of 10 male Wistar rats, 20 male NMRI mice, 5 male Syrian golden hamsters, and 2
cross-bred rabbits were exposed to 2,4/2,6-TDA (80/20) vapors 4 hours daily, for 5 days
(whole body exposure) to an average air concentration of 8.367 mg/l (rat, and mouse) or
7.557 mg/l (hamster, and rabbit) followed by a two weeks recovery.
Animals showed general deterioration and difficult breathing during the exposure. They
recovered and no mortality was recorded. No more data were available (Kimmerle and
Solmecke 1971).

Summary of animal toxicity data after repeated exposure to the
Isomeric mixture 2,4-/2,6-TDA (80/20)
From animal studies, the main toxic effects of the mixture of the isomers 2,4-/2,6-TDA
(80/20) were summarized in the Table 4.1.2.6. B.
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Table 4.1.2.6. B
Summary table: Animal toxicity data after repeated exposure to the mixture of the
isomers 2,4-/2,6-TDA (80/20)
Species/strain
group size
(male/female)
Exposure
Route
Rat/Wistar
(20m)
inhalation
(whole body)

Dose/Conce
ntration
Exposure
duration

Cat/no data
(2m)
Inhalation
(whole body)

0.0416 mg/l 3 weeks,
4 hours/day,
5 days/week

Cat/no data
(3m/3f)
inhalation
(whole body)

0.0095 mg/l 4 weeks,
4 hours/day,
5 days/week

Rat/SpragueDawley
(30m/30f)
subcutaneous
application

0, 8.33, 25
mg/kg bw
2 years
once a week

0, 0.0095,
0.083 mg/l
28 days,
4 hours/day
5 days/week

NOAEL /
NOAEC
for
nonneoplast
ic effects
9.5 mg/m3
(1 mg/kg
bw/day)

Adverse effects
↑ increase
↓ decrease

Reference

83 mg/m3
(9 mg/kg bw/day)
↓ body weight gain
↑ relative organ weight of liver,
kidney, and thyroid gland,
lymphopenia
41.6 mg/m3 (4.5 mg/kg bw/day)
general deterioration,
↓ body weight gain
↑methemoglobin formation
(30%)
pathomorphological findings
(not specified) in the lung, liver,
and kidneys
9.5 mg/m3
(1 mg/kg bw/day)
low level of methemoglobin
formation (2.07%) after 2
treatment weeks
> 8.33 mg/kg bw
focal necrosis of hepatocytes,
single cirrhosis
↑ incidence of malign tumors at
the injection site
25 mg/kg bw
↓survival time
↓ body weight gain

Kimmerle
Solmecke
1971

Kimmerle,
Solmecke
1971

Kimmerle
Solmecke
1971

Steinhoff
Dycken
1981

m: male; f: female
Human data:
No data available.
Summary of toxic effects after repeated exposure:
2,4-TDA
The repeated dose toxicity of 2,4-TDA by oral route of exposure has been well investigated in
rodents. The primary target organ after short- and long-term dietary exposure of 2,4-TDA is
the liver. 2,4-TDA damages the liver, and is able to accelerate the development of chronic
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renal disease and to damage the male reproductive system in rats. In short-term studies, the
toxic effects of 2,4-TDA are characterized by a decrease in body weight gain and an increase
in the liver: body weight ratio. There was a decrease in body weight gain with dosages of
approx. 15 mg/kg bw/d after 8-12 weeks of application in rats (Ito 1969, Stula 1976). Dietary
exposure of 2,4-TDA at 5.9 mg/kg bw/day (time-weighted average dose after reduced in food
from 125 to 50 ppm) for 2 years caused a clearly dose related delay of body weight gain and
dose related decreased survival rates. At ≥5.9 mg/kg bw/day, hepatotoxic effects, and the
development of chronic renal disease in the F344 strain were seen, an effect that contributed
to a marked decrease in survival of dosed animals. Hepatotoxic effects were shown as fatty
degeneration, cholangiofibrosis and liver cirrhosis (at ≥45 mg/kg bw/d, 36-week study; Ito
1969) as well as focal necrosis of hepatocytes to severe, diffuse, toxic degenerative lesions in
the liver (≥5.9 mg/kg bw/d, long-term study; Cardy 1979, NCI 1979). Kidney lesions were
observed in both sexes (most marked in males) at ≥5.9 mg/kg bw/d. Corresponding to the
renal disease was a high incidence of associated secondary hyperparathyroidism in dosed
males (long-term study; NCI 1979). In addition, hepatocellular carcinomas or neoplastic
nodules occurred at incidences that were dose related in both male and the female rats (Cardy
1979, NCI 1979).
Experimental data from rat studies demonstrated that 2,4-TDA induced serious health effects
consisting of testicular atrophy at 28 mg/kg bw/d for 15 months (Stula and Aftosmis 1976)
and inhibited spermatogenesis (66%) associated with a significant reduction in the weights of
seminal vesicles and epididymides, morphological damage of Sertoli cells as well as with a
diminished level of serum testosterone and an elevation of serum LH at doses of 15 mg/kg
bw/day (10-week oral study, Thysen et al. 1985a, 1985b, Varma et al. 1988). First adverse
effects on epididymal sperm reserves were shown at dietary doses of 5 mg/kg bw/d in a 10week oral study (Thysen et al. 1985b).
The mouse is less sensitive to 2,4-TDA than rats. Mice exposed to dietary levels of 100 ppm
(15 mg/kg bw/day) of 2,4-TDA for 101 weeks showed no significant differences in survival
compared to the control animals. There was, however, a delay of body weight gain of 2550%. This effect was dose related except for the low-dose male mice, for which mean body
weights were only slightly lower than those of controls. In treated B6C3F1 mice, the
incidence of hepatic lesions was not increased, and there were no treatment-related findings in
the kidneys. Female mice fed 100 or 200 ppm (approx. 15 or 30 mg/kg bw/d) 2,4-TDA for
101 weeks developed a significant number of carcinomas of the liver. Treated mice of both
sexes also developed hyperplastic nodules in the liver, but degenerative effects were not
observed in mice ingesting 2,4-TDA up to 101 weeks (NCI 1979, Reuber 1979).
There were no repeated dose toxicity studies on rodents investigating 2,4-TDA effects after
inhalation. No firm conclusions could be drawn from a mouse skin-painting test with respect
to the dermal route of exposure described in section 4.1.2.8.
2,4-TDA produced local sarcomas after repeated subcutaneous injection once a week for 2
years in rats. At 25 mg/kg bw/day, males and females showed a decrease in survival time. A
decrease in body weight gain, and in the liver focal necrosis of the hepatocytes and single
cirrhosis were observed at > 8.33 mg/kg bw/day.

Isomeric mixture 2,4/2,6-TDA (80/20)
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The studies on inhalation toxicity to the mixture of the isomers 2,4-/2,6-TDA (80/20),
conducted on preliminary basis only, gave 9.5 mg/m3 (approx. 1 mg/kg bw/day, subacute
study) as the NOAEC for systemic effects for the rat, whereas this dose already caused slight
methemoglobin formation (2.07%) in the cat, which is more sensitive for this effect (NOAEC
not derivable). The latter was confirmed in a further experiment. At dose level of 41.6 mg/m3
(approx. 4.5 mg/kg bw/d, subacute study), cats showed severe methemoglobinemia (30%),
retarded body weight gain, and pathomorphological findings (not specified) in the lungs,
liver, and kidneys (no more data). At a concentration of 83 mg/m3 (approx. 9 mg/kg bw/day,
subacute study), rats showed reduced body weight gain, an increase of the relative weight of
the liver, kidneys, and thyroid glands, and a relative lymphopenia in blood tests. Data for
methemoglobin formation in tests with rats were not available (Kimmerle and Solmecke
1971).
In rats the mixture of isomers 2,4-/2,6-TDA (80/20) produced local sarcomas after repeated
subcutaneous injection for 2 years. At 25 mg/kg bw/day, males and females showed a
decrease in survival time. A decrease in body weight gain, and in the liver focal necrosis of
the hepatocytes and single cirrhosis were observed at > 8.33 mg/kg bw/day.
There were no animal studies using the oral or dermal route of exposure to commercial
mixture of TDA 2,4-/2,6-TDA (80/20).

No/Lowest-observed-effect level/concentrations
2,4-TDA - Oral administration
A LOAEL of 5.9 mg/kg bw/day (time-weighted average dose) was derived from a 2-year rat
study (NCI 1979). A NOAEL was not estimated. Although this long-term feeding study was
not in full agreement with the requirements needed for the base set studies of existing
chemicals (only two doses tested, no data on haematology and clinical chemistry parameters),
it represents the lowest effect level at which relevant toxic effects were observed. At this
dosage there were a decreased survival rate, a clear delay in body weight gain, lesions of the
liver and kidneys as well as tumors in the liver in high incidences.
The treatment of male rats with approximately 15 mg/kg bw/d for 10 weeks resulted in
changes in Sertoli cell cytostructure, and after treatment for 4, 6, and 8 weeks in reduced body
weight gain and increases in testes weights (nearly doubled testes/body weight ratios). At
approximately 30 mg/kg bw/d 2,4-TDA for 3 weeks, male rats showed reduced epididymal
sperm reserves, and increased alterations in Sertoli cell ultrastructure. The sperm counts and
ultrastructural changes seen after three weeks of dietary TDA-treatment differed from those
seen at 10 weeks of 2,4-TDA feeding with 15 mg/kg bw/d only in their severity (Varma et al.
1988). Toxic effects on spermatogenesis were reported in male rats given approximately 15
mg/kg bw/d for 10 weeks. At light microscopy focal or diffuse hypospermatocytogenesis in
the seminiferous tubules and cauda epididymides were noted. No such findings were reported
at approximately 5 mg/kg bw/d (Thysen et al. 1985a). In a further experiment for 10 weeks
significant decrease in body weight gain, seminal vesicles and mean epididymal weights,
sperm count, and serum testosterone levels were determined in male rats receiving
approximately 15 mg/kg bw/d 2,4-TDA, but not at 5 mg/kg bw/d. However, diminished
sperm reserves were noted in male rats receiving approximately 5 mg/kg bw/d 2,4-TDA
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(Thysen et al. 1985b). Therefore, 5 mg/kg bw/d is considered to be as a marginal LOAEL for
effects on spermatogenesis.
Other repeated dose toxicity studies of 2,4-TDA using medium-term treatment periods were
able to identify a NOAEL. Some of them were not in (full) compliance with the current test
guidelines, and have been focused on selected parameters. After subchronic administration
the NOAEL in a limited study was 250 ppm (approx. 18 mg/kg bw/day) in rats and 100 ppm
(approx. 15 mg/kg bw/day) in mice (7-week study NCI 1979). However, theses values are not
recommended because they fell into the range of the LOAEL and/or the database was
considered less reliable than the 2-year study.

LOAEL 5.9 mg/kg bw/day

(103-week oral/F344 rat, NCI 1979)

Commercial mixture of the isomers 2,4/2,6-TDA (80/20) - Inhalation
There were no animal studies using the inhalation route of exposure to 2,4-TDA.

The existent studies with repeated inhalation exposures to the commercial mixture of the
isomers 2,4-/2,6-TDA (80/20) were not in accordance to the test design of the current
guidelines B.8; OECD TG 412. Therefore no valid data of effects via inhalation of
commercial mixture of the isomers 2,4-/2,6-TDA (80/20) are available. The studies on
inhalation toxicity, conducted on preliminary basis only, gave 9.5 mg/m3 (approx. 1 mg/kg
bw/day, subacute study) as the NOAEC for systemic effects for the rat, whereas this dose
already caused methemoglobinemia of 2.07% in cats. In cats as a very sensitive species for
methemoglobinemia a dose level of 41.6 mg/m3 (approx. 4.5 mg/kg bw/d, subacute study)
caused severe methemoglobinemia of 30%. So there was no NOAEC derivable because of
methemoglobin formation in the cat (Kimmerle and Solmecke 1971). None of the existent
studies investigated local effects on the respiratory tract.

NOAECsys 9.5 mg/m3 (approx. 1 mg/kg bw/day)

28-day inhalation/Wistar rat

Classification
There are several repeated dose toxicity studies with oral route of exposure and with different
duration for 2,4-TDA and only few non-guideline compliant studies with inhalative
administration of the isomeric 2,4-/2,6-TDA mixture. Due to the lack of data for the
inhalative route for 2,4-TDA and for the oral route for 2,4-/2,6-TDA it is proposed to apply an
identical classification proposal on chronic toxic effects of the pure substance and the
mixture.
Oral
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Human data on the repeated dose toxicity of 2,4-TDA or the 2,4-/2,6-TDA mixture are not
available.

The proposal for classification is based on data from a well conducted carcinogenicity study
in F344 rats (NCI, 1979, Cardy, 1979), and in addition from mid- and long-term diet studies
using Sprague-Dawley, ChP-CD and Wistar rats comparable to guideline studies with
acceptable restrictions (Ito et al. 1969, Stula and Aftosmis 1976).
The critical adverse effects in rats of both sexes after long-term administration of 2,4-TDA
were hepatotoxity and chronic renal failure that contributed to a marked decrease in survival
at doses of ≥5.9 mg/kg bw/day. Hepatotoxic effects were shown as fatty degeneration,
cholangiofibrosis and liver cirrhosis (at ≥45 mg/kg bw/day, 36-week study; Ito 1969) as well
as focal necrosis of hepatocytes to severe, diffuse, toxic degenerative lesions in the liver (≥5.9
mg/kg bw/day, long-term study; Cardy 1979, NCI 1979). Nephrotoxicity observed at ≥5.9
mg/kg bw/day was characterised as chronic renal glomerulonephrosis with glomerular
atrophy and sclerosis, interstitial inflammation and fibrosis fibrosis, and tubular degeneration
and atrophy. Associated to the chronic renal disease, signs of secondary hyperparathryroidism
such as bone resorption and hyperplasia of parathyroid glands were markedly expressed.
Additionally, experimental data from feeding studies with rats have demonstrated that 2,4TDA induced dose related toxic effects on the testes. Testicular atrophy was observed at 28
mg/kg bw/day (15 months study; Stula and Aftosmis 1976). Disturbed spermatogenesis and
Sertoli cell damage, atrophy of accessory sex glands, reduced serum level of testosterone and
reflective increase in LH levels were associated to testis toxicity occurred at doses of 15
mg/kg bw/day (10-week feeding study; Thysen et al. 1985a, 1985b, Varma et al. 1988). Even
at the dose of approximately 5 mg/kg bw/day 2,4-TDA diminished sperm reserves indicating
a depression of spermatogenesis were noted (10-week feeding study; Thysen et al. 1985b).
The observed toxic effects such as mortalities and degenerative/necrotic lesions in liver,
kidney and in male gonads are serious health damage according to the criteria for R48 (Annex
VI of 67/548/EEC). They occurred at dosages below the R 48 guidance values, which is 50
mg/kg bw/day (90-day oral toxicity study in rodents). These effects were observed in a doserelated pattern at ≥5.9 mg/kg bw/day (liver, kidney, mortality) and 5 mg/kg bw/day (male
reproductive system), respectively. Furthermore, there was clear dose-response relationship in
frequency, intensity and severity for the observed effects.
According to the criteria of the Directive 67/548/EEC, 2,4-TDA is proposed to be classified
and to be labelled as Xn, Harmful, R48/22 (Harmful: Danger of serious damage to health by
prolonged exposure if swallowed).
Inhalation
There is a concern that 2,4-TDA and its isomeric 2,4-/2,6-TDA mixture may cause adverse
systemic toxicity after prolonged inhalation exposure. On the present limited database,
however, no firm conclusion on the need of classification for the repeated dose effects after
prolonged inhalation can be drawn.
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Dermal
No data available for 2,4-TDA and its 2,4-/2,6-TDA mixture.

4.1.2.7

Mutagenicity

In vitro tests
Bacterial gene mutations
Bacterial genotoxicity tests were clearly positive with S-9 mix in several tests.
2,4-Toluenediamine (2,4-TDA) was positive with S-9 mix in Salmonella typhimurium strains
TA 98, TA 100, TA 1537 and TA 1538 with respect to induction of bacterial gene mutations
for doses from 20 µg/plate upward (JETOC, 1996; George and Westmoreland, 1991; Shahin
et al., 1985; Haworth et al., 1983; Shahin et al., 1980; Green et al, 1979). All investigations
showed strong and dose-dependent effects; no toxic effects were observed. These Salmonella
typhimurium strains were negative without S-9 mix up to a dose of 10000 µg/plate. 2,4-TDA
was also positive in TA98 with S-9 mix in a microsuspension bioassay (George et al., 2001).
Cunningham and Matthews (1990) described the role of bacterial acetyltransferase on
mutagenic effect of 2,4-TDA in bacterial mutation test with metabolic activation as shown by
experiments with strain Salmonella typhimurium strain TA98/1,8-DNP6 (deficient in
acetyltransferase), TA 98 (normal acetyltransferase) and the overproducer of acetyltransferase
TA 98(pYG219). Compared with TA 98 the effect of strain TA98/1,8-DNP6 resulted in
approximately 90% decrease in the mutagenic potency whereas the strain TA 98(pYG219)
greatly enhanced the mutagenic effect. The authors concluded that after N-hydroxylation of
2,4-TDA by S-9 mix cytochrome P450 the resulting hydroxylamino intermediate is further
activated by bacterial acetyltransferase to form the ultimate reactive intermediate, which is
postulated to be 4-acetoxyamino-2-aminotoluene.
Negative results with and without S-9 mix were obtained in Salmonella typhimurium strain
TA 1535 up to 10000 µg/plate (JETOC, 1996; Haworth et al., 1983) and in E. coli WP2uvrA
up to 5000 µg/plate (JETOC, 1996).
Table 1. In vitro tests: bacterial genotoxicity
Test system

Concentration range Result
with S-9
mix

without
S-9 mix

Gene mutation,
0.07 63Salm. typh. TA 98, 5000
TA 100, TA 1535,
µg/plate
TA 1537, E.coli

0.07 635000

Toxicity Remarks

Reference

positive no toxic positive only
effects with S-9 mix

JETOC, 1996

µg/plate
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WP2uvrA
Gene mutation,
Salm. typh. TA 98

100 3333
µg/plate

not done

positive no toxic
effects

George and
Westmoreland,
1991

Gene mutation,
50 - 500
Salm. typh. TA 97, µg/plate
TA 1537, TA 1538

not done

positive no toxic
effects

Shahin et al., 1985

Gene mutation,
10 Salm. typh. TA 98, 10'000
TA 100, TA 1535, µg/plate
TA 1537

10 10'000
µg/plate

positive no toxic positive only
effects with S-9 mix

Haworth et al., 1983

Gene mutation,
5.0 -1000 5.0 - 1000 positive no toxic positive only
Salm. typh. TA 98, µg/plate µg/plate
effects with S-9 mix
TA 100, TA 1538

Shahin et al., 1980

Gene mutations
500 Salm. typh. TA 98; 5000
TA 100, TA 1535, µg/plate
TA 1537, TA 1538

500 5000
µg/plate

positive no toxic positive only
effects with S-9 mix

Green et al., 1979

Gene mutation,
Salm. typh. TA 98

100 1666
µg/plate

not done

positive no data

Cunningham and
Matthews, 1990

Gene mutation,
10-500
Salm. typh. TA 98, µg/plate
TA 100
(microsuspension
bioassay)

10-500
µg/plate

positive no data

positive only
with S-9 mix

George et al., 2001

In vitro tests
Mammalian cell systems
Gene mutation tests
In general, 2,4-TDA was negative in mammalian cell mutation tests at the tk or hprt locus. A
weak positive effect was obtained at the tk locus in L5178Y mouse lymphoma cells in the
absence of S-9 mix; however, this effect was paralleled by strong cytotoxicity (Coppinger et
al. 1984). In this study, 2,4-TDA was tested for a mutagenic potential at both the tk locus and
the hprt locus in L5178Y mouse lymphoma cells and CHO-AT3-3 cells (Coppinger et al.,
1984). Increases of the mutation frequency were found for positive controls in both test
systems. At the tk locus of L5178Y cells a marginal positive response was observed without
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S-9 mix. The effect was dose-dependent in the dose-range 87.8 - 1000 µg/ml: increase in the
mutant frequencies from 1.3-fold at 87.8 µg/ml up to 4.1-fold at 1000 µg/ml. The genotoxic
effect was paralleled by strong cytotoxicity: relative total growth (as compared to the solvent
control) was 47% at 87.8 µg/ml and decreased down to 9% at 1000 µg/ml. With S-9 mix
doses from 58.5 up to 1000 µg/ml were negative.
At the tk locus of CHO-AT3-2 cells 2,4-TDA was negative with and without S-9 mix for
doses up to 6000 µg/ml. At the hprt locus 2,4-TDA was negative with and without S-9 mix
both in L5178Y cells (up to 1000 µg/ml) and in CHO-AT3-2 cells (up to 10000 µg/ml).
A negative result at the hprt locus in V79 cells with and without S-9 mix was described by
Fassina (1990) for a dose-range of 0.3 - 3.0 mmol/l (36.6 - 366.5 µg/ml). Increases in
mutation frequency were found for positive controls.

Table 2. In vitro tests: mammalian cell gene mutations
Test system

Concentration range Result
with S-9
mix

tk locus,

Toxicity

Remarks

without
S-9 mix

58.5 1000
L5178Y cells µg/ml
(mouse
lymphoma
assay)

58.5 1000
µg/ml

positive with and without S-9
4-h treatment;
mix strong effects from
positive only
87.8 µg/ml upward
without S-9
mix: marginal
response

tk locus,

2000 6000
µg/ml

negative with and without S-9
mix at high
concentrations

4-h treatment

250 1000
µg/ml

negative no toxic effects

4-h treatment

CHO-AT3-2
cells

2000 6000
µg/ml

hprt locus,
250 L5178Y cells 1000

Reference

Coppinger et
al., 1984

µg/ml
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hprt locus,
CHO-AT3-2
cells

1000 10'000
µg/ml

1000 10'000
µg/ml

negative with and without S-9
mix at high
concentrations

4-h treatment

hprt locus,
V79 cells

0.3 - 3.0
mmol/l

0.3 - 3.0
mmol/l

negative without S-9 mix at
doses of 1.0 mmol/l
and higher

1-h treatment

(36.6 366.5
µg/ml)

(36.6 366.5
µg/ml)

Fassina,
1990

Chromosomal aberration tests
Chromosomal aberration tests were positive with and without S-9 mix in mammalian cells.
Loveday et al. (1990) described that 2,4-TDA induced chromosomal aberrations in CHO cells
with and without S-9 mix; unfortunately, no toxicity data were given and no differentiation
was made of chromosomal aberrations with and without gaps. In the only one experiment
with S-9 mix, after 2-h exposure increased aberration frequencies of 7% and 12% were found
for doses of 1370 and 4550 µg/ml (12 h sampling; negative control, 1.0 % aberration
frequency). Without S-9, in 3 experiments the results were positive after treatments for 2 h
(sampling time, 20.5 h) and 8 h (sampling time, 10 h) for doses from 98.5 µg/ml upwards; the
maximum aberration frequency was 41.7% (negative control, 4.0%).
A positive effect of 2,4-TDA on chromosome aberrations in CHO cells was described by
Armstrong et al. (1992); the test was only done without S-9 mix. Doses from 245.4 µg/ml
upwards induced chromosomal aberrations after a treatment of 3 h (sampling times, 10 h and
24 h) with a maximum chromosomal aberration frequency of ca. 15% (negative controls, 2.0 3.0 %). Toxic effects were observed at doses of 490.8 µg/ml and higher.
Bean et al. (1992) investigated the effect of sampling time on 2,4-TDA induced aberration
frequencies in CHO cells without S-9 mix. The tested doses of 2.0 mmol/l and 6.0 mmol/l
(244.3 µg/ml and 733.0 µg/ml) induced increases of chromosomal aberrations. After 3-h
exposure maximum aberration frequencies were observed at 17 h sampling time (70%
aberrant cells with 6.0 mmol/l, 12% aberrant cells with 2.0 mmol/l; mean frequency of
aberrant cells in the negative controls was 3.4%).
In a study of JETOC (1996) chromosomal aberrations were analyzed in CHL cells only
without S-9 mix for a dose-range of 0.78 - 50 µg/ml. At the highest tested doses of 13 and 50
µg/ml strong positive effects with dose-dependency were induced after exposure for 24 h and
48 h. The maximum aberration frequency was 65% (negative control, 0.5%); data on toxic
effects were not given.
Table 3. In vitro tests: chromosomal aberrations
Test system

Concentration range

Result
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with S-9
mix
Chromosomal
aberration,
CHO cells

without
S-9 mix

455 - 4550 13.7 µg/ml
4920

positive

no data

positive with Loveday et
and without S- al., 1990
9 mix

positive

at doses of
4 mmol/l
and higher

Armstrong
et al., 1992

positive

no data

Bean et al.,
1992

positive

no data

JETOC,
1996

µg/ml
Chromosomal
aberration,
CHO cells

not done

1.0 - 10
mmol/l
(123 1227
µg/ml)

Chromosomal
aberration,
CHO cells

not done

2.0 - 6.0
mmol/l
(244 733.0
µg/ml)

Chromosomal
aberration,
CHL cells

not done

0.78 - 50
µg/ml

Sister chromatid exchange tests (SCE)
2,4-TDA was positive for induction of SCE with and without S-9 mix in mammalian cells.
Loveday et al. (1990) reported on induction of SCE in CHO cells with and without S-9 mix.
With S-9 mix at all tested doses ranging from 468 up to 4680 µg/ml a weak positive effect
was observed after a treatment for 2 h (sampling time, 26 h); the maximum SCE frequency
was 1.6-fold that of the negative control. Without S-9 mix the SCE frequency increased dosedependently in the dose-range 14.1 up to 130 µg/ml after continuous treatment for 26 h. The
maximum SCE frequency determined at the highest tested dose of 130 µg/ml was 2.7-fold
that of the negative control. No data about toxic effects were given.
Table 4. In vitro tests: tests for induction of sister chromatid exchanges (SCE)
Test system

CHO cells

Concentration range Result

Toxicity

with S-9
mix

without
S-9 mix

468 4680
µg/ml

4.68 - 130 positive no data
µg/ml
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without S-9
al., 1990
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Tests on unscheduled DNA synthesis (UDS tests)
2,4-TDA was positive for induction of UDS in primary hepatocyte cultures.
Selden et al. (1994) tested 2,4-TDA for induction of UDS in rat hepatocytes in a dose- range
of 0.0005 - 10 mmol/l (0.06 - 1222 µg/ml) with help of the autoradiography procedure. No
detailed data on the result were given; it was said that 0.01 mmol/l (1.2 µg/ml) was the lowest
dose with observed positive effect; 22.1 net nuclear grains were found at this dose. Data about
toxic effects were not given.
A 18-h treatment of primary rat hepatocytes with 2,4-TDA at doses from 0.01 up to 1.0
mmol/l (1.22 - 122.2 µg/ml) resulted in a positive UDS-response at 0.01 and 0.1 mmol/l
(Bermudez et al.; 1979). Significant increased average net nuclear grains of 8.1 (0.01 mmol/l)
and 7.6. (0.1 mmol/l) were determined by autoradiography procedure; the highest tested dose
of 1.0 mmol/l induced a negative result (average net nuclear grains of 0.7). The average net
nuclear grain of the solvent control was minus 3.2. Dimethylnitrosamine and 2acetylaminofluorene were used as positive controls. Dimethylnitrosamine induced a
significant increase in net grains to 6.7, and 2-acetylaminofluorene at a dose of 1µM induced
a response to great to be quantified by the automatic counting system. There are no data on
toxicity.
A positive response was also obtained by using human hepatocytes prepared from discarded
surgical material (Butterworth et al., 1989). UDS was detected in hepatocytes from two
donors at 0.1 and 1.0 mmol/l (12.2 and 122.2 µg/ml) after treatment of 18 h by
autoradiography procedure. A maximum number of net grains per nucleus of 11.3 was
determined in comparison to -4.7 in the solvent control. Data on toxicity were not given.
The measurement of UDS in a suspension of freshly isolated post-S-phase rat spermatides and
primary spermatocytes exposed to 0.01 - 1.0 mmol/l (1.22 - 122 µg/ml) 2,4-TDA for 18 h
gave negative results for both spermatogenic cell stages (Working and Butterworth, 1984).
The tests with 2,4-TDA were only done without S-9 mix. The authors state that in this test
system spermatocytes and spermatids underwent UDS only when exposed to direct-acting
alkylating agents. No compound which required metabolic activation to be genotoxic caused
UDS in either spermatogonic celltype. However, in the presence of a S9 activation system,
UDS was induced. I.e. Aflatoxin B1 and 2-aminofluorene were negative without S9-mix but
gave a positive result in the presence of S9-mix.
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Table 5. In vitro tests: tests for induction of unscheduled DNA synthesis (UDS)
Test System

Concentration range
with S-9
mix

Primary rat
hepatocytes

Result

Toxicity

Remarks

Reference

positive

no data

autoradiograhy
procedure

Selden et al.,
1994

positive

no data

autoradiography
procedure

Bermudez et
al., 1979

positive

no data

autoradiography
procedure

Butterworth
et al., 1989

negative

strong
toxic
effect at
1.0
mmol/l

autoradiography
procedure

Working and
Butterworth,
1984

without S-9
mix

not
0.0005 - 10
applicable mmol/l
(0.06 - 1222
µg/ml)

Primary rat
hepatocytes

not
0.01 - 1.0
applicable mmol/l
(1.22 - 122.2
µg/ml)

Human
hepatocytes

not
0.01 - 1.0
applicable mmol/l
(1.22 - 122.2
µg/ml)

Rat
spermatides
& primary
spermatocytes

not done

0.01 - 1.0
mmol/l
(1.22 - 122.2
µg/ml)

DNA strand breaks
2,4-TDA was positive for induction of DNA strand breaks in mammalian cells with and
without S-9 mix.
Nordenskjöld et al. (1984) showed that 2,4-TDA induced DNA strand breaks in human skin
fibroblasts using the alkaline elution technique. The fibroblasts were exposed to 100 µmol/l
(12.2 µg/ml) 2,4-TDA for 30 minutes in the absence of S-9 mix and in the presence of
different activation systems (liver microsomes from either phenobarbital- or from 3methylcholanthrene-induced rats; microsomes from ram seminal vesicles complemented with
arachidonic acid). The strongest effect was obtained with microsomes from ram seminal
vesicles, ad indicated by a 21-fold increase of DNA strand breaks as compared to the negative
control. A weak effect (3.7-fold increase of DNA strand breaks) was obtained in the presence
of phenobarbital-induced rat liver microsomes while in the presence of 3-methylcholanthreneinduced rat liver microsomes a negative response was obtained. Without S-9 mix a weak
effect of 2.3-fold increase of DNA strand breaks was induced. There are no data on toxicity.
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Induction of DNA strand breaks in V79 cells with S-9 mix was analyzed by Swenberg (1981)
with the help of alkaline elution technique. No detailed data were given; a positive response
was obtained with rat liver S-9 mix in the tested dose range of 0.3 - 3.0 mmol/l (36.6 - 366.5
µg/ml) after treatment times of 2 h and 4 h. Data about toxic effects were not given.
Using also the alkaline elution technique, Sina et al. (1983) described that 2,4-TDA did not
induce an increase of DNA strand breaks in primary rat hepatocytes in a dose range of 0.03 3.0 mmol/l (3.7 - 367 µg/ml) after a 3-h treatment. No toxic effects were observed.
Table 6.

In vitro tests: DNA strand breaks in mammalian cells

Test system

Concentration range

Toxicity Remarks

Reference

Alkaline elution 100 µmol/l 100 µmol/l positive
technique; human
(12.3
(12.3
skin fibroblasts
µg/ml)
µg/ml)

no data

Nordenskjöld
et al., 1984

Alkaline elution
technique; V79
cells

with S-9
mix

0.3 - 3.0

Result

without S-9
mix
positive with and
without S-9 mix

not done

positive

no data

Swenberg,
1981

0.03 - 3.0
mmol/l

negative

no data

Sina et al.,
1983

mmol/l
(36.6 - 367
µg/ml)

Alkaline elution
technique;
primary rat
hepatocytes

not
applicable

(3.7 - 367
µg/ml)

DNA adducts
2,4-TDA was able to form adducts with mammalian cell DNA in the absence and presence of
S-9 mix.
Primary rat hepatocytes were used to assess the binding of 14C 2,4-TDA to DNA in a dose
range of 30 up to 300 µmol/l (3.6 - 36.6 µg/ml) with help of the liquid scintillation technique
(Furlong et al., 1987). The DNA adduct formation was time-dependent and increased linearly
for treatment times up to 24 h. Up to100 µmol/l binding of 2,4-TDA to hepatic DNA
correlated with the substrate concentration, then the effect plateaued.
The incubation of purified single-stranded calf thymus DNA with 2,4-TDA resulted in
formation of DNA adducts as shown by chromatography (Citro et al., 1993); this
investigation was done with S-9 mix only. Different concentrations of 2,4-TDA (12 - 200 g)

113

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
and different exposure times (12 h - 60 h) were used to find out that the maximum effect was
obtained with 150 g 2,4-TDA at 20 h exposure time.
Table 7. In vitro tests: DNA adducts formation
Test system

Primary rat
hepatocytes

Concentration range
with S-9
mix

without S-9
mix

not
applicable

30 - 300
µmol/l

Remarks Reference

Result

Toxicity

positive

no data

Furlong et al.,
1987

positive

no data

Citro et al.,
1993

(3.6 - 36.6
µg/ml)
Single stranded
12 - 200 µg not done
calf thymus DNA
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Table 8. Overview on in vitro findings
Negative effects

Inconclusive effects

Positive effects

Mutation tests in vitro
Bacterial gene mutations with
S-9 mix
Mammalian cell mutagenicity
(hprt locus) with and without
S-9 mix
Mammalian cell mutagenicity Mammalian cell mutagenicity
(tk locus) with S-9 mix
(tk locus) without S-9
chromosomal aberrations with
and without S-9 mix
Indicator tests in vitro
SCE in mammalian cells with
and without S-9 mix
UDS with primary
hepatocytes
DNA strand breaks in
mammalian cells with and
without S-9 mix
DNA adducts in mammalian
cells with and without S-9
mix

In vivo tests
Micronucleus assay
In general, results were negative in micronucleus assays. A weak positive effect in PVG rats
was limited to a dose with high acute toxicity.
In a micronucleus assay on polychromatic erythrocytes in peripheral blood of male mice
(strain: BDF1) 2,4-TDA led to a negative result after single intraperitoneal injection of doses
ranging from 30 to 240 mg/kg bw (Morita et al., 1997). Sampling times were 24 h, 48 h and
72 h after treatment. The highest tested dose corresponded to 80% of the LD50. Informations
on local cytotoxicity or toxic signs were not given.
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George and Westmoreland (1991) reported on negative findings in an in vivo micronucleus
test in bone marrow cells of male and female rats (strain: Fischer-344) after single oral
administration of doses ranging from 50 up to 150 mg/kg bw. Sampling was 24 h and 48 h
after treatment. The highest tested dose of 150 mg/kg bw induced an effect on local
cytotoxicity (PCE/NCE) and in a pre-test this dose was lethal for one out of four animals.
Adequate increases in micronucleus frequencies were reported for 5 and 10 mg/kg bw
cyclophosphamide used as positive control.
For another in vivo micronucleus test on male rats (strain: PVG; inbred Piebald Virol Glaxo
pigmented strain) George and Westmoreland (1991) reported on a small significant increase
in the micronucleus frequency of bone marrow cells. A doubling of micronucleus frequency
was observed at the highest tested dose of 300 mg/kg bw after a 24-h treatment: 0.34%
micronucleated polychromatic erythrocytes as compared to 0.17% in the control. Doses of
150 and 225 mg/kg bw were negative. No cytotoxic effects were observed at either dose. A
second sampling time, 48 h, was negative for all doses. No detailed data on general toxicity
were given; it was noted, however, that treatment with 300 mg/kg bw killed half of the
animals treated for the 48 h sampling time. Therefore, the weak micronucleus induction effect
at 300 mg/kg bw is of low toxicological significance. Adequate increases in micronucleus
frequencies were reported for 10 mg/kg bw cyclophosphamide used as positive control.
Table 9. In vivo tests: Micronucleus (MN) test
Test
system

Doses

Expos. Sampl. Result
regimen
times

BDF 1
30 - 240 1 x i.p.
mice, peri- mg/kg
pheral
bw
blood
erythrocyt
es

24 h,
48 h,
72 h

Fischer
50 - 150 1 x p.o.
344 rats;
mg/kg
bone
bw
marrow
erythrocyt
es

24 h,
48 h

PVG rats;
bone
marrow
erythrocyt
es

24 h,
48 h

150 300
mg/kg
bw

1 x p.o.

Local
General
cytotox. toxicity

negative no data

Remarks

240 mg/kg
= 80% of

Reference

Morita et
al., 1997

LD50

negative at 150
mg/kg

pilot study:

George
and
Westmore
land,
1991

1/4 animals
dosed with
150 mg/kg
died
positive no
effects

300 mg/kg
= LD50

doubling of
the MN
frequency at
300 mg/kg bw
only after 24h treatment

George
and
Westmore
land,
1991

Sister-chromatid exchanges (SCE)
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2,4-TDA was weakly positive for induction of SCE in mouse bone marrow cells.
2,4-TDA induced SCE in bone marrow cells of male Swiss mice after single intraperitoneal
injection of the tested doses of 9.0 and 18 mg/kg bw (Parodi et al., 1983). The effects were
weak: increases of SCE frequencies were 1.5-fold at 9.0 mg/kg bw and 1.3-fold at 18 mg/kg
bw. The sampling time was 24 h. Data on toxicity were not given.
Table 10. In vivo tests: Tests for induction of sister chromatid exchanges (SCE) in mice
Test
system

Doses

Expos. Sampl. Result
regimen
times

Swiss
9.0 - 18
1 x i.p.
mice, bone mg/kg bw
marrow
cells

24 h

Local
General Remarks
cytotox. toxicity

positive strong
toxicity
at doses
> 18
mg/kg

weak effect

Reference

Parodi et al.,
1983

Induction of unscheduled DNA synthesis (UDS)
2,4-TDA was positive for induction of UDS in rat liver.
Mirsalis et al. (1982) reported on a strong positive result in hepatocytes of male rats (strain:
Fischer-344) at the single tested dose of 150 mg/kg bw after single oral administration: 15.9
net grains/nucleus after a 2-h treatment and 11.0 net grains/nucleus after 12-h exposure
(negative controls, -5.1 and -4.4 net grains/nucleus). No data on toxicity were given.
George and Westmoreland (1991) investigated the effects of single oral administrations of
150 mg/kg bw (2-h and 16-h treatment) and 300 mg/kg bw (16-h treatment) on hepatocytes of
male rats (Fischer-344). A weak positive result was obtained at 16-h sampling with 150
mg/kg bw, no effect was found with 300 mg/kg bw (for 150 mg/kg the mean net grain value
was 1.86 as compared to -3.19 in the negative control). Dosing of 150 mg/kg bw was negative
at 2-h sampling time. No data about toxicity were given.
Table 11. In vivo tests: Tests for induction of unscheduled DNA synthesis (UDS) in rats
Test
system

Doses

Fischer 150 mg/kg
-344 rat bw
liver

Expos. Sampl. Result
regimen
times
1 x p.o.

2 h,

Local
General
cytotox. toxicity

positive no data

no data

Remarks

Reference

autoradio- Mirsalis et
graphy
al., 1982

12 h
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Fischer 150 - 300
-344 rat mg/kg bw
liver

1 x p.o.

2 h,

positive no data

16 h

pilot study: autoradio- George
1/4 animals graphy
and
dosed with
Westmore150 mg/kg
land, 1991
died

Rodent germ cell tests
2,4-TDA was negative in dominant lethal and sperm abnormality tests with mice.
According to Soares and Lock (1980) 2,4-TDA was negative in dominant lethal tests with
male mice (strain: DBA/2J) both after oral or intraperitoneal administration of 40 mg/kg bw
on two consecutive days. At 48 h after treatment, each treated male was paired with three CD1 female mice. After seven days the females were replaced by new females. This mating
scheme was repeated for a total of seven weeks post-treatment. There was no induction of
abnormalities in sperm morphology after both types of administration. Sperms were
investigated eight weeks post-treatment.
The i.p. application of 2,4-TDA doses from 111 mg/kg to 375 mg/kg bw to C57Bl/6xC3H
mice (10 animals per dose group) resulted in a dose-dependent reduction of murine testicular
DNA synthesis (Greene et al. 1981). The test substance was applied 3h prior to i.p. injection
of 10 µCi [125]iododeoxyuridine and 3.5 h prior to removal of testes; physiological saline was
used as negative control and an oral dose of 100 mg/kg bw dimethylnitrosamine served as
positive control. There are no data on toxicity in the main experiment. In a parallel
experiment 2,4-TDA induced a dose-dependent reduction of body temperature. The authors
conclude that the inhibition of murine testicular DNA synthesis induced by 2,4-TDA could
not be entirely explained by drop in body temperature (which in itself may lead to reduced
testicular DNA synthesis).
This study is regarded as additional information as inhibition of DNA synthesis is not a
genotoxicity endpoint but a relatively unspecific parameter of cytotoxicity.
Table12. In vivo tests: Rodent germ cell tests with mice
Test system Doses

Exposure

Result

General
toxicity

Reference

regimen
Testicular
DNA
synthesis

111, 167, 1 x i.p.
250, 375
mg/kg bw

positive

hypothermia

Greene et al., 1981

Dominant
lethal test,
DBA/2J
mice

40 mg/kg 2 x p.o., treated on two negative
bw
consecutive days

no data

Soares and Lock,
1980

2 x i.p., treated on two
consecutive days

no data
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Sperm
40 mg/kg
morphology bw
test,
DBA/2J
mice

2 x p.o., treated on two negative
consecutive days

no data

2 x i.p., treated on two
consecutive days

no data

negative

Soares and Lock,
1980

Drosophila melanogaster
2,4-TDA induced positive effects in sex-linked recessive lethal tests with Drosophila (SLRLtest).
In sex-linked recessive lethal tests with Drosophila (strain: Berlin K) positive results were
reported after feeding of males with doses of 5.9 mmol/l (721 µg/ml) 2,4-TDA and 15.2
mmol/l (1857 µg/ml) 2,4-TDA for 3 days (Blijleven, 1977).
Fahmy and Fahmy (1977) described that 2,4-TDA was positive in a test for sex linked
recessive lethals in Drosophila (strain: Oregon-K) after single microinjection of doses ranging
from 5.0 to 20 mmol/l (611 - 2443 µg/ml) into the haemocoel of males.
Table 13. In vivo tests: tests with Drosophila melanogaster
Test system Doses

Exposure

Result

General
toxicity

Reference

positive

no data

Blijleven, 1977

positive

no data

Fahmy and
Fahmy, 1977

regimen
Sex-linked
recessive
lethal test

5.9 - 15.2
mmol/l
(721 -

3 days;
feeding of
males

1857 µg/ml)
Sex-linked
recessive
lethal test

5.0 - 20
mmol/l;
(611 - 2443
µg/ml)

1 x injection
into the
haemocoel of
males

DNA strand breaks
2,4-TDA was positive for induction of DNA strand breaks in several rodent tissues.
Induction of DNA strand breaks in cells of different mouse organs was analyzed by Sasaki et
al. (1999; 1997) using the alkaline single-cell gel electrophoresis assay (Comet-assay).
Male mice (strain: ddY) were treated with the maximum tolerated doses of 60 mg/kg bw.
After single oral administration a statistically significant increase in DNA damage was
reported for cells of stomach, liver and kidney. The strongest effect was shown in liver.
Negative results were observed in cells of colon, bladder, lung, brain and bone marrow. The
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sampling times were 3 h, 8 h and 24 h; data on toxic effects were not given (Sasaki et al.,
1999).
After single intraperitoneal administration of 240 mg/kg bw to male mice (strain CD-1) and
exposure times of 3 h and 24 h positive effects were found in cells of liver, kidney and lung.
In liver cells the strongest positive response was determined. No effects were observed in
cells of spleen and bone marrow. No data on toxic effects were given (Sasaki et al., 1997).
Multiple organs of male Wistar rats were analysed for DNA strand breaks in the comet assay
(Sekihashi et al., 2002). After a single oral gavage of 130 mg/kg bodyweight a statistically
significant increase in migration of nuclear DNA was reported for stomach, colon, kidney and
brain. The strongest effect was shown in stomach. No effects were observed in liver, bladder,
lung and bone marrow. The dose was reported to be equivalent to the 0.5 x LD50 value.
Induction of DNA strand breaks in male rat liver (strain: Sprague-Dawley) was analyzed by
Brambilla et al. (1985) using the viscometric technique, a measure of viscosity profiles of
DNA. Animals were treated with single intraperitoneal injection of 37 and 147 mg/kg bw,
sampling was after 2 h, 4 h, 12 h and 24 h. Both doses induced a positive effect; the highest
tested dose was equivalent to the LD-50 value. There were no data on toxicity.
Table 14. In vivo tests: DNA strand breaks
Test system Doses

Expos. Sampl. Result
regimen
times

Cometassay on
ddY mice

1 x p.o.

60
mg/kg
bw

3 h,

General Positive Negative
toxicity organs organs

positive no data

liver

lung

8 h,

kidney

bone marrow

24 h

stomach colon

Reference

Sasaki et al.,
1999

bladder
brain
Cometassay on
CD-1 mice

240
mg/kg
bw

1 x i.p.

3 h,

positive no data

24 h

liver

bone marrow Sasaki et al.,
spleen
1997

kidney
lung

Comet
assay on
Wistar rats

130
mg/kg
bw

1 x p.o.

3h,

positive 0.5 x
LD50

8 h,
24 h

Viscometric 37 - 147 1 x i.p.
technique, mg/kg
Spraguebw
Dawley rats

2 h,
4 h,

stomach
, colon,
kidney,
brain

positive 147
hepatomg/kg = cytes
LD50

120

liver,
bladder,
lung, bone
marrow

Sekihashi et
al., 2002

Brambilla et
al., 1985
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12 h,
24 h

DNA adducts
2,4-TDA formed adducts with DNA of various organs of rats.
32

P-post-labeling technique (with nuclease P1 enrichment):

Delclos et al. (1996) observed a time- and dose-dependent formation of adducts in DNA from
livers and mammary glands of female rats (strain: Fischer-344) fed 10 up to 180 ppm (1.2 22.1 mg/kg bw) 2,4-TDA. Sampling times were 0.5, 1, 3 and 6 weeks after beginning of the
test. The maximum yield of DNA adducts, about 200x107 relative adduct level (RAL), was
found at the highest tested dose after exposure for 6 weeks. A single major DNA adduct and
two minor adducts were identified. No data on toxicity were given.
Wilson et al. (1996) reported on DNA-binding in hepatic cells of male rats (strain: Fischer344) after single intraperitoneal injection of doses ranging from 0.5 up to 250 mg/kg bw;
sampling time was 24 h. The effect was dose-dependent: the highest concentration of adducts
(about 120 nmol/g DNA) was determined at the highest tested dose of 250 mg/kg bw. After a
single intraperitoneal injection of 150 mg/kg bw a time course was investigated: adduct
concentration was measured at different time points (0.5 - 30 days); maximum adduct level
(about 60 nmol/g DNA) occurred 24 h post-exposure. No toxicity data were given.
Taningher et al. (1995) investigated 2,4-TDA for the ability to induce DNA-adducts in liver
cells of male rats (strain: Fischer-344). After single intraperitoneal injection of 125 and 250
mg/kg bw a dose-dependent positive effect was observed after an exposure for 18 h. The
quantitative evaluation of autoradiograms displayed one major and two faint spots. Data on
toxicity were not given.
La and Froines (1994) examined DNA adduct formation in male and female rats (strain:
Fischer-344) and compared the adduct formation between target organs for carcinogenicity
(liver and mammary gland) and non-target organs (kidney and lung). The results
demonstrated organ-specific and dose-dependent effects; there were no differences in adduct
persistence. Relative adduct levels were given as ratios of adducted nucleotids to total
nucleotids. With single intraperitoneal doses of 5.0 and 50 mg/kg bw the authors could show
that the quantitative formation of the DNA adducts in rat liver cells is dose-dependent;
maximum yields were obtained after 18 - 24 h at both doses and lasted over a 2-week period.
Animals treated with a single intraperitoneal injection of 50 mg/kg bw showed a formation of
three distinct DNA adducts in the liver and mammary gland at 18-h sampling; in kidney and
lung only one adduct was observed. Among the organs examined, DNA binding was highest
in liver (adduct 1: 17.5x107 RAL; adduct 2: 2.12x107 RAL; adduct 3: 1.05 x107 RAL)
followed by mammary gland (adduct 1: 1.8x107 RAL; adduct 2: 0,3x107 RAL; adduct3:
0.15x107 RAL) and the two non-target organs lung (adduct 1: 0.57 x107 RAL) and kidney
(adduct 1: 0.37x107 RAL). Data on toxicity were not given.
Also in an earlier publication La and Froins (1992) described DNA adduct formation by 2,4TDA in liver, lung and kidney of male rats and in mammary gland of female rats (strain:
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Fische-344) after single intraperitoneal injection; sampling time was 18 h. DNA binding in
liver cells was detected in a dose-range beginning at the lowest tested dose of 4.1 up to 2046
umol/kg bw (0.5 - 250 mg/kg bw); the effect was dose-dependent. At a dose of 2046 umol/kg
bw (250 mg/kg) DNA binding of was described in all four organs, with each producing one
major and two minor adduct spots. The adducts induced were qualitatively identical among
the organs, but quantitative differences were observed. The liver (RAL, 29.2x107) and
mammary gland (RAL, 4.2x107) showed major adduct yields, which were up to 30 times
higher than those for kidney (RAL, 1.1x107) and lung (RAL, 1.4x107). The yields of the
minor adducts were approximately 1/10 that for the major adduct.
No adducts were detected by Delclos et al. (1996) in DNA of T-lymphocytes isolated from
spleen of male rats (strain: Fischer-344) fed 40 or 180 ppm (4.9 or 22.1 mg/kg bw) 2,4-TDA
daily for 32 weeks.
Detection for tritiated DNA-adducts
A single intraperitoneal injection of 100 mg/kg bw of tritated 2,4-TDA (2,4-(3H)-TDA) to
male rats (strain: Wistar) did not lead to interaction with DNA of liver cells but to binding to
liver protein and ribosomal RNA in liver cells (Aune et al.; 1979). The detection limit for
tritated DNA-adducts is far less than that of the postlabelling method.
Hemoglobin adducts
Using the gas chromatography/mass spectrometry Wilson et al. (1996) showed a 2,4-TDA
induced hemoglobin adduct formation in male rats (strain: Fischer-344) after single
intraperitoneal injection. The hemoglobin adduct formation increased with dose and time:
After administration of 150 mg/kg bw a maximum adduct level was detected after exposure of
24 h (ca. 0.32 nmol/g hemoglobin). To examine a relationship between administered doses
and hemoglobin adduct levels, animals were exposed to doses in a range from 0.5 up to 250
mg/kg bw for 24 h. The maximum adduct concentration of about 0.36 nmol/g hemoglobin
was determined at the highest tested dose of 250 mg/kg bw. Data on toxicity were not given.
Table 15. In vivo tests: DNA adducts in rats
Test
system

Doses

Expos. Sampl.
regimen
times

Result

Positive tested
organs

General Reference
toxicity

32

P-postlabeling,
Fischer344 rats

10 - 180
ppm (1.2
- 22.1
mg/kg
day)

feeding week:
daily for
6 weeks 0.5, 1, 3, 6

positive

liver

no data

Delclos et
al., 1996

32

0.5 - 250 1 x i.p.
mg/kg bw

no data

Wilson et
al., 1996

P-postlabeling,
Fischer344 rats

mammary gland

0.5 - 30 days positive
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32

P-postlabeling,
Fischer344 rats

125 - 250 1 x i.p.
mg/kg bw

18 h

positive

liver

no data

Taningher et
al., 1995

32

5.0 - 50

0.5 - 14 days positive

liver

no data

La and

P-postlabeling,
Fischer344 rats

1 x i.p.

mg/kg bw

Froines,
1994

50 mg/kg 1 x i.p.
bw

18 h

positive

no data

liver
mammary gland
kidney
lung

32

P-postlabeling,
Fischer344 rats

4.1 - 2046 1 x i.p.
µmol/kg
bw (0.5 250
mg/kg)

18 h

positive

liver

no data

La and
Froines,
1992

no data

Delclos et
al., 1996

no data

Aune et al.,
1979

no data

Wilson et
al., 1996

mammary gland
kidney
lung

32

P-postlabeling,
Fischer344 rats

40 - 180
ppm (4.9
- 22.1
mg/kg/
day)

feeding week: 1, 4,
daily for 8, 20, 32
32
weeks

negative
(spleen T
lymph.)

Tritiated
100
1 x i.p.
DNAmg/kg bw
adducts;
Wistar rats

4h

Hb
adducts,
Fischer344 rats

0.5 - 30 days positive

0.5 - 250 1 x i.p.
mg/kg bw

negative

liver

Transgenic mouse
2,4-TDA was positive in transgenic mouse assays.
Suter et al. (1996) described a weak genotoxic potential of 2,4-TDA on liver DNA of
transgenic C57BL/6 Big Blue™ mice. Male and female mice were used to examine the
induction of mutations in the lacI gene in liver. In consequence of determination of the
maximal tolerated dose in non-transgenic C57BL/6 mice the test animals were given ten daily
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oral doses of 80 mg/kg bw per day with a treatment free interval of 2 days between treatment
five and six. Sampling times were 10 and 28 days after the last treatment. After an expression
time of 28 days, 2,4-TDA treatments induced doublings of spontaneous mutation frequencies
in both sexes (males, 8.46x10-5 as compared to 4.32x10-5 in the negative control; females,
9.67x10-5 as compared to 4.32x10-5). After 10 days expression a marginal response was
obtained in females only (7.48x10-5; negative control, 5.15x10-5). Ten days after treatment
hepatic cell proliferation was induced.
In a study with Big Blue® transgenic B6C3F1 mice Hayward et al. (1995) reported on an
increase of mutant frequency at lacI gene in liver. Male mice were exposed to 2,4-TDA at
1000 ppm (123 mg/kg bw) in the diet for 30 and 90 days. No effect was observed after a
feeding of 30 days, while after 90 days the mutant frequency was higher (mean mutant
frequency, 12.1x10-5 as compared to 5.7x10-5 in the control group). The tested dose
corresponded to the highest non-toxic dose in a 90-day subchronic study.
Table 16. In vivo tests: Transgenic mouse
Test
system

Doses

Expos.
regimen

Sampl.

Result

times
10 and 28
days after
the last
treatment

Tested

General

organ

toxicity

Big Blue™ 80 mg/kg
bw/d
mouse

oral
gavage
(ten daily
doses)

positive liver

Big Blue® 1000 ppm
(123
mouse
mg/kg/d)

feeding
on the day
positive liver
for 30 and after feeding
90 days
period

80 mg/kg =
MTD

Reference

Suter et al.,
1996

1000 ppm =
Hayward et
highest nonal., 1995
toxic dose in a
90 day study

Table 17. OVERVIEW ON IN VIVO FINDINGS
Negative effects

Questionable effects

Positive effects

Mutation tests in vivo
Micronuclei
in mice and rats
(bone marrow; peripheral
blood)

Micronuclei in rats
at a highly toxic dose
(bone marrow)

Dominant lethals

Gene mutations
in transgenic mice (liver)

Drosophila
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in mice

(SLRL test)
Indicator tests in vivo

Sperm morphology
in mice

SCE in mice
(bone marrow)
UDS in rats
(liver)
DNA strand-breaks
in mice and rats
(liver, kidney, lung, stomach)
DNA adducts in rats
(liver, mammary gland,
kidney, lung)
Reduction of testicular DNAsynthesis in mice

Conclusion
2,4-Toluenediamine induces genotoxic effects in bacteria (gene mutations) and cultivated
mammalian cells (chromosomal aberrations, SCE, UDS, DNA strand breaks, DNA adducts).
In general, rodent in vivo micronucleus tests were negative in bone marrow or peripheral
blood; a weak positive effect in a rat strain was limited to a dose with high acute toxicity. In
other tissues generally weak genotoxic effects were obtained, e.g. SCE in bone marrow cells,
gene mutations in transgenic mice livers, UDS in rat liver, DNA strand breaks in liver,
stomach, colon, lung, brain and kidney and DNA adducts in liver, mammary gland, kidney
and lung were observed in rodent livers.
From a non-standard assay measuring a reduction of murine testicular DNA synthesis after
2,4-TDA application there is some indication for effects on the testes (Greene et al. 1981).
Since hypothermia was found in a parallel experiment, reduced DNA synthesis is not a
specific effect of DNA reactivity and the positive result was not supported by other in vivo
tests on mutagenicity in germ cells (dominant lethal and sperm morphology tests) we do not
regard these data as sufficient to classify 2,4-TDA as a category-2 mutagen. However, due to
low sensitivity of dominant lethal and sperm morphology tests these test systems are not
adequate for exclusion of germ cell mutagenesis. According to the revised TGD further germ
cell mutagenicity testing is not required (conclusion i (on hold)).On the basis of the positive
findings on somatic cells in vitro and in vivo we propose to classify the substance as a
category 3 mutagen, R 68 (Possible risk of irreversible effects).
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4.1.2.8

Carcinogenicity

2,4-TDA
Animal data:
The carcinogenic properties of 2,4-TDA have been investigated in a number of long-term
animal studies using the oral route, and involving a variety strains of rats and mice. These
studies provide clearly evidence that 2,4-TDA is carcinogenic in rats and mice. However, the
majority of the long-term studies were not in (full) accordance to the test design of the current
guidelines (B.30, 32, 33, OECD TG 451, 452, 453 testing carcinogenic or chronic toxic
effects). Most of the studies have been focused on selected parameters, and no clinical
chemistry and haematological parameters were measured. Largely testing procedures and
documented results were comparable to testing efforts according to the current regulatory test
protocols.
The carcinogenicity of 2,4-TDA following dermal application has been investigated in one
study using Swiss-Webster mice. No firm conclusion could be drawn from this mouse skinpainting test due to limitations in study design including the small group size and use of a
single dose level.
The carcinogenicity of 2,4-TDA by the inhalation route has not been studied in animals.

•

Oral

Gavage study
Stop-test/30-day treatment (rat)
22 female Sprague-Dawley rats, 45 days of age, were given 10 intragastric doses of 100
mg/kg bw 2,4-TDA (purity commercial grade) over a 30-day treatment period. The test was
terminated after an additional 9-month observation period. No data on haematology and
clinical chemistry parameters were available. Only mammary tissue was examined
histologically.
At histological examination of the mammary gland, fibroadenoma, or fibrosarcoma were
seen. None of 20 control rats dosed with acetone/corn oil developed mammary tumors,
whereas 23% of the treated females had mammary tumors (Stula Aftosmis 1976).

•

Diet studies

36-week study (rat)
In order to study development of carcinoma in the liver of rats treated with 2,4-TDA, two
groups, each of 12 male Wistar rats, were fed diets containing 600 or 1000 ppm (approx. 45
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or 75 mg/kg bw/day) of 2,4-TDA (purity commercial grade) for 30-36 weeks. A third group
(6 male rats) was kept as control on the basis diet. This long-term feeding study was not in
full accordance to the test design of the current guidelines testing carcinogenic or chronic
toxic effects (e.g. dose regime, number of animals/dose). This study is reliable with
restrictions. The study has been focused on selected parameters. As a carcinogenicity study,
no clinical chemistry and haematological parameters were measured. However, testing
procedures and documented results were comparable to testing efforts according to the
current regulatory test protocols. Main findings of the study showed good consistency on data
reported from a well conducted carcinogenicity study in F344 rats (NCI, 1979, Cardy, 1979).
Further information on nonneoplastic effects to 2,4-TDA is described in section 4.1.2.6.
Oral treatment with 2,4-TDA over a period of 36 weeks was associated with tumor
development in the liver in male Wistar rats. Liver carcinomas exhibited invasion and showed
metastases in male Wistar rats, given dose levels of 600 ppm (approx. 45 mg/kg bw/d) or
more, but not in control rats. Hepatocellular carcinomas varied from well-differentiated to
poorly differentiated to undifferentiated carcinomas. Microscopic examination of the liver
revealed further at both doses oval cell infiltration in the periportal areas, fatty changes of the
liver parenchymal cells, bile duct proliferation, cirrhosis, nodular hyperplasia, and
cholangiofibrosis. At 1000 ppm (approx. 75 mg/kg bw/d), carcinomas with numerous areas of
nodular hyperplasia and cirrhosis of the liver were present in 100% (9/9) of rats, and with
multiple metastases in 67% (6/9) to the lymph nodes, omentum, lungs, and epididymidis. In
rats given 600 ppm (approx. 45 mg/kg bw/d), carcinomas of the liver, with metastases to the
lymph nodes and omentum in 64% (7/11) of rats were seen. Metastatic areas in lymph nodes,
omentum, epididymidis, and lung showed the same histological pattern of hepatocellular
carcinoma with large irregular nuclei and many mitotic figures. The incidence of cancer in rat
liver was higher on treatment with 1000 ppm (approx. 75 mg/kg bw/d) than on treatment with
600 ppm (approx. 45 mg/bw/d). The number of areas on nodular hyperplasia were also more
with 1000 ppm than 600 ppm 2,4-TDA. Animals treated with 2,4-TDA had no primary
neoplasms in organs other than the liver.
In summary, 2,4-TDA produced hepatocellular carcinomas in male Wistar rats at dose levels
of 600 ppm approx. 45 mg/kg bw/d) or more (Ito et al.1969).

15-month study (rat)
In a study to evaluate the long-term toxicity of a chlorotoluene diamine mixture, 2,4-TDA
was used as a positive control. 36 male and 36 female ChP-CD rats were fed a diet containing
1000 ppm (approx. 75 mg/kg bw) 2,4-TDA (purity commercial grade) for two weeks, 500
ppm (approx. 38 mg/kg bw) for 5.5 months, followed by 250 ppm (approx. 19 mg/kg bw) for
a period of 9 months. Calculated average daily intake was 367 ppm (approx. 28 mg/kg bw).
Control group consisted of 12 untreated male and 10 female rats. This long-term oral toxicity
study was not in accordance to the test design of the current guidelines (e.g. dose regime,
number of animals/dose; only selected parameter). Testing procedures and documented
results were comparable to testing efforts according to the current regulatory test protocols.
The addition of 1000→500→250 ppm 2,4-TDA to the diet of rats for up to 15 months
resulted in a statistically significant increase in liver and mammary tumor development in
both sexes, together with a significant increase of lung tumors (mostly adenomas) in males. In
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females, the liver tumors were mostly neoplastic nodules whereas in males, there were
moderately to well differentiated hepatocellular carcinomas. The mammary tumors were
fibroadenomas. Chronic oral administration of 2,4-TDA to rats revealed in both sexes an
increase in mortality rate, a marked reduction in body weight gain, slight anemia and
leucocytosis, an increase in serum of ALP, GPT, and bilirubin. These findings are consistent
with those found histopathologically in the liver: focal necrosis of hepatocytes, cystic bile
ducts, cholangitis, cholongiofibrosis, hematopoiesis and hemosiderin. Severe atrophy of the
spleen was seen in both sexes. Further information on nonneoplastic effects to 2,4-TDA is
described in section 4.1.2.6 (Stula and Aftosmis 1976).

Long-term study (rat and mouse)
A bioassay for 2,4-TDA for possible carcinogenicity was conducted by administering the test
substance in feed to F344 rats and B6C3F1 mice. Groups of 50 F344 rats of each sex were
administered 2,4-TDA (purity 99.9%) initially either 125 or 250 ppm (approx. 9 or 18 mg/kg
bw/day) for 40 weeks. Because of excessive depression of amount of mean body weight gain,
thereafter doses were reduced to 50 and 100 ppm (approx. 3.7 and 7.4 mg/kg bw/day).
Calculated average intake was 5.9 and 13 mg/kg bw/day. Administration of 50 ppm was
continued for 63 weeks and surviving animals were killed. Surviving rats in the 100 ppm
group were killed at the end of 39 (male) and 44 (female) weeks, due to morbidity. Matched
controls consisted of 20 untreated rats of each sex. This combined chronic
toxicity/carcinogenicity feeding study was not in (full) accordance to the test design of the
current guidelines B.33, OECD TG 453 (only two dose levels were used; no haematological
examination: especially no differential blood count was performed on the affected animals
although observations suggest a deterioration in health of the treated animals during the study,
no urinalysis, and no clinical biochemistry). Overall, testing procedures and documented
results were comparable to testing efforts according to the current regulatory test protocols.
Rat
Mortality was dose related in the male and female rats. At both dose levels, male and female
rats showed a decrease in survival time compared to controls. Mean body weights of dosed
male and female rats were lower than those of the corresponding controls and were dose
related. Nonneoplastic findings of this carcinogenesis bioassay in F344 rats revealed that 2,4TDA was hepatotoxic and accelerated the development of chronic renal disease, an effect that
contributed to a marked decrease in the survival of dosed animals. Corresponding to the renal
disease was a high incidence of associated secondary hyperparathyroidism in low- and highdose males. Further information on nonneoplastic effects of 2,4-TDA is described in section
4.1.2.6.
Dietary intake of 2,4-TDA for 79 weeks to F344 rats induced benign and malign hepatic
neoplasms and high incidence of liver lesions in both sexes. These lesions consisted mainly of
foci and larger areas of cellular alteration. In many of these lesions there was nuclear atypia,
and in some there were areas that resembled transition from cellular alteration to neoplasia. In
nearly all instances in which hepatic neoplasia was encountered, there were also foci of
cellular alteration. The severity of these lesions and degree of cellular and nuclear atypia were
greatest in females (42/49, 86%) given the high doses. Hepatocellular carcinomas or
neoplastic nodules occurred at incidences that were dose related in both the males (P=0.014)
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and the females (P=0.008). In direct comparisons of incidences of the tumors in control and
dosed groups, the incidence in the high-dose male group had a P value of 0.026, males:
controls 0/20 (0%), low-dose 5/49 (10%), high-dose 10/50 (20%); females: controls 0/20
(0%), low-dose 0/50 (0%), high-dose 6/49 (12%). The incidence of liver neoplasia (benign
plus malign) was significantly increased in male dose groups. In females, only the test for
trend indicated significance. There was an increased incidence of proliferative lesions
generally believed to be associated with the hepatocarcinogenesis that occurred to the test
substance. The significant enhanced incidence of hepatocellular neoplasms in both sexes was
supported by the high incidences of associated nonneoplastic lesions of the liver in the dosed
groups.
In addition, 2,4-TDA caused statistically significant increase in the incidence of mammary
tumors in females. In the female rats, carcinomas or fibroadenomas of the mammary gland
occurred at incidences that were dose related (P=0.002) and in direct comparisons were
higher in the dosed groups (P=0.001) than in the control group: controls 1/20 (5%), low-dose
38/50 (75%), high-dose 42/50 (84%). None of the mammary tumors metastasized. In the male
rats, fibromas of the subcutaneous tissue occurred at incidences that were dose related
(P=0.004)and in indirect comparisons were higher in the dosed groups (P< 0.020) than in the
control group: controls 0/20 (0%), low-dose 15/30, high-dose 19/50. An increased incidence
of lung tumors, carcinomas and adenomas (although statistically not significant) were seen in
both sexes at the same time. The incidences of total lung tumors shown in treated animals
were much higher than those seen in untreated controls (males: controls 0/20, low dose 5/50,
high dose 5/50; females: controls 1/20, low dose 4/50, high dose 3/50).
Overall, 2,4-TDA was clearly carcinogenic for F344 rats, inducing proliferative hepatic
findings and hepatocellular carcinomas in both sexes. It induced a high incidence of benign
and malignant tumors of the mammary gland in females. In summary of the statistical
findings, the incidences of fibromas of the subcutaneous tissue in male rats are associated
with 2,4-TDA administration (NCI 1979; Cardy 1979).
Mouse
Groups of 50 male and 50 female B6C3F1 mice were fed 100 or 200 ppm (approx. 15 or 30
mg/kg bw/day) 2,4-TDA (purity 99.9%) for 101 weeks. Matched controls consisted of 20
untreated mice of each sex. Mean body weights of dosed male and female mice were lower
than those of the corresponding controls and were dose related except for the low-dose male
mice, for which mean body weights were only slightly lower than those of controls. In female
B6C3F1 mice, there was a dose-related delay in body weight gain of 23-50%. Mortality was
not dose related in either the male and female mice. Survival rates were comparable in dose
groups and control groups. Further information on nonneoplastic effects of 2,4-TDA is
described in section 4.1.2.6.
Hepatocellular carcinomas occurred in the female B6C3F1 mouse at incidences that were
dose related (P=0.002) and in direct comparisons were higher in the dosed groups (P<0.007)
than in the control group: controls 0/19 (0%); low-dose 13/47 (28%), high-dose 18/46 (39%).
In males, hepatocellular carcinomas were found in the controls 5/20 (25%), low-dose 17/50
(34%), and high-dose group 13/49 (27%). Carcinomas varied from well-differentiated to
poorly differentiated. Hyperplasia and nodular hyperplasia occurred in dosed males and
females but not in corresponding controls. The number of mice with neoplasms of the liver
are given in the table 4.1.2.8 A.
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Table 4.1.2.8 A: Number of mice with neoplastic lesions of the liver
Sex

Dose

Hyperplasia

Hyperplastic
nodules

Carcinomas

Hepatic
neoplasms

Males

0

0/20

0/20

5/20

5/20

low dose

4/50

5/50

17/50

22/50 (42%)

high dose

26/48

3/48

14/48

17/48 (33%)

0

0/19

0/19

0/19

0/19

low dose

18/46

8/46

13/46

21/46 (48%)

high dose

5/44

14/44

18/44

32/44 (64%)

Females

(25%)

(0%)

Lymphomas occurred at a significant incidence (P<0.001) in the low-dose female mice,
controls 2/19 (10%), low-dose 29/47 (62%), high-dose 11/46 (24%). No significant
incidences occurred in male mice. Neoplasms of the hematopoietic system in the mice (not
including hemangiomas and hemangiosarcomas of the lymph node) were found in the males:
controls 2/20 (4%), low-dose 15/50 (30%), high-dose 8/49 (16%), and females: controls 2/19
(10%), low-dose 29/47 (62%), high-dose 11/46 (24%). Neoplasms of the lung and vascular
system were slightly increased in dosed male mice. Carcinomas of the lung were welldifferentiated papillary adenocarcinomas or poorly differentiated carcinomas. In the male
mice, 0/20 (0%) controls, 9/50 (18%) low-dose, 6/49 (12%) high-dose animals had
carcinomas of the lung.
Overall, 2,4-TDA was clearly carcinogenic for female mice, inducing in the liver hyperplasia,
hyperplastic nodules, and hepatocellular carcinomas. Neoplasms of the lung and the vascular
system were slightly increased in male mice and neoplasms of the hematopoietic system were
slightly increased in male and female mice (NCI 1979; Reuber 1979).
Sontag (1981) summarized the results of thirteen substitued-benzenediamines (SBD)
carcinogenicity studies, one of them was performed with 2,4-TDA. Results of the NCI studies
(NCI 1979) were used in a comparison with the results of various assays for mutagenicity,
chromosome damage and of cell transformation. All the SBD studied for genotoxic effects
were positive in at least one assay system. For 2,4-TDA positive results of gene mutation tests
(bacterial genotoxicity tests), sex-linked recessive lethal tests with Drosophila (SLRL-test)
and in transformation of hamster embryo cells were presented. In addition for comparison
tumor incidence data on SBD tested for carcinogenicy in rats and mice and control incidence
data for the F344 rat and B6C3F1 mouse were described. The control data were accumulated
from results of NCI bioassay studies conducted over several years. The rat data are based on
1795 males and 1754 females and the mouse data on 2543 males and 2522 females. 2,4-TDA
induced statistically significant incidences of tumors in both rats and mice. An overview on
detailed tumor incidence data for 2,4-TDA (NCI study) and historical control incidence data
in rats and mice is given in the following tables 4.1.2.8 B and 4.1.2.8 C:
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Table 4.1.2.8 B: Number of rats with neoplasms
Sex

Control

High

Low

Historical
control

Urinary bladder
Male

-

-

-

2 (0.1%)

Female

0/20 (0.0%)

1/43 (2.3%)

0/43 (0.0%)

4 (0.2%)

Kidney
Male

0/20 (0.0%)

0/50 (0.0%)

1/50 (2.0%)

4 (0.2%)

Female

-

-

-

3 (0.2%)

Liver
Male

0/20 (0.0%)

10/50 (20%)

5/49 (10.2%)

31 (1.7%)

Female

0/20 (0.0%)

6/49 (12.2%)

0/50 (0.0%)

55 (3.1%)

Mammary gland
Male

-

-

-

24 (1.3%)

Female

1/20 (5.0%)

42/50 (84.0%)

38/50 (76.0%)

300 (17.1%)

Thyroid gland
Male

1/20 (5.0%)

1/47 (2.1%)

8/44 (2.1%)

129 (7.2%)

Female

0/20 (0.0%)

1/48 (2.1%)

2/49 (4.1%)

117 (6.7%)

Skin and associated glands
Male

0/20 (0.0%)

0/50 (0.0%)

2/50 (4.0%)

29 (1.6 %)

Female

-

-

-

16 (0.9%)
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Table 4.1.2.8 C: Number of mice with neoplasms
Sex

Control

High

Low

Historical control

Liver
Male

5/20 (25.0%)

13/49 (26.5%)

17/50 (34.0%)

55 (21.7%)

Female

0/19 (0.0%)

18/46 (39.1%)

13/47 (27.7%)

98 (3.9%)

Thyroid gland
Male

-

-

-

23 (0.9%)

Female

0/17 (0.0%)

0/44 (0.0%)

3/44 (6.8%)

36 (1.4%)

For 2,4-TDA there was a significant incidence of liver tumors in both dose groups for male
rats (22% and 10.2% compared to 1.7% in historical controls) and only in the highest dose
group for female rats (12.2% compared to 3.1% in controls). Mammary tumors were found in
more than 80% of the female rats, compared to 17.1% in historical controls. A significant
increased incidence of liver tumors was diagnosed in female mice as well (39.1% and 27.7%
compared to 3.9% in historical controls).

•

Inhalation

No data available.

•

Dermal

2-year study (mouse)
To determine the toxicity and induction of epithelial tumors after repeated topical application
of 2,4-TDA, a 2-year mouse-skin-painting study was conducted. 28 Swiss-Webster mice of
both sexes were given once a week 0.05 ml of a 6% solution of 2,4-TDA (purity commercial
grade, 3 mg/animal/week, approx. 75 mg/kg bw/week) or mixed with hair dye formulations
containing the test substance in various concentrations in various groups to shaved back skin
of the intrascapular region over 2 years. The treatment was discontinued after various times,
depending on toxicity. In addition, there were an untreated control group and a positive
control group receiving 9,10-dimethylbenzanthracene in acetone. No data on hematology and
clinical chemistry parameters were available. Histopathology of selected organs and tissues
was performed. This skin-painting model was not in accordance to the test design of the
current guidelines with respect to the small group sizes and use of a single dose level.
The predominant neoplasms seen in 2,4-TDA treated mice were primary pulmonary
adenomas and adenocarcinomas (males 17/21, control 6/21; females 6/9, control 3/9). Skin
neoplasms were seen in most groups of mice, including untreated control mice at comparable
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incidence rates. Dermal application of 2,4-TDA was nontoxic and noncarcinogenic to the skin
of mice but was associated to higher tumor rates in the lungs (Giles and Chung 1976).

•

Subcutaneous application

2-year study (rat)
In a subcutaneous injection test, 30 Sprague-Dawley rats per dose and sex were administered
by subcutaneous injections at doses of 0, 8.33, or 25 mg/kg bw 2,4-TDA (purity commercial
grade) once a week until appearance of the first test substance-related tumor, with a maximum
of a 2-year treatment. In addition to the control group receiving the vehicle (peanut oil), there
was another, similar, untreated group, and a positive control group receiving benzidine. After
cessation of the treatment rats were kept until their spontaneous death, or until they were in a
moribund state and were killed. Further information on nonneoplastic effects to 2,4-TDA is
described in section 4.1.2.6.
The survival rates were comparable in dose groups and control groups excepted for the 25
mg/kg bw dose male rats, for which survival time was lower than those of controls. Mean
body weights of dosed male and female rats were lower than those of the corresponding
controls and were dose related. Microscopic examination of a number of organs and tissues
revealed no treatment-related lesions with the exception of the liver. In the liver of all treated
rats, focal necrosis of hepatocytes and in some animals cirrhosis were found. Hepatocellular
neoplasia was found in 1/120 rats. Malignant tumors at the injection site were found in 16%
of all treated rats. The test for trend indicated significance in males only (Steinhoff and
Dycka1981).
Other studies on carcinogenic effects in experimental animals
Further studies were performed in two transgenic model namely the hemizygous Tg:AC mice
and the p53def mice. In the first study 2,4-TDA (300 mg/kg bw) was applied for 24 weeks
(vehicle ethanol/water 1:1) on shawed skin to hemizygous Tg:AC mice. In the second part of
the study, 2,4-TDA was administered within feed at a concentration of 200 ppm to the p53def
mice (Eastin et al, 1998). Fifteen animals/sex were treated 5x/week and another group of 15
animals/sex served as controls. The animals were observed twice daily, and body weights
were recorded at weekly intervals. A complete necropsy was performed on all treated and
control animals, but no organ weights were taken. Tissues from about 15 organ sites were
examined by light-microscopy.
Survival was not different in 2,4-TDA and control groups of both studies. Terminal body
weight was not different in animals receiving 2,4-TDA to the control Tg.AC mice. In p53def
mice the body weigths were lower (-25% males, - 12% females) as compared to controls.
There were no statistically significant increases in the number of tumors in the Tg.AC or p53def
mice. While no skin tumor was observed in controls of the Tg.AC mouse study, there were
squamous cell papillomas in one male and in two female mice, and squamous cell carcinomas
were found in two males of the 2,4-TDA group of Tg.AC mice. One male and two females of
p53def mice receiving feed containing 2,4-TDA had malignant lymphomas, no tumor response
was seen in the control p53def mice.
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In both studies, the tumor response was lower as compared to the positive control substance
TPA (12-O-tetradecanoylphorbol-13-acetate) in the same vehicle which in the NIEHS
validation study induced 100% incidence of skin papillomas by the end of week 26 of
treatment (Tennant et al., 2001). The slightly increased incidence of skin tumors in 2,4-TDA
treated Tg.AC mice did not reach significance. The tumor response in the p53def mice could
not be demonstrated in this study.
In conclusion, the study does not contribute to better understanding of the mechanism of
action of 2,4-TDA. It is not clear whether the study itself was a so-called negative study
because no internal validation by concurrent positive control has been performed or whether
the models are not suited to demonstrate the known carcinogenic potential of 2,4-TDA.
2,4-TDA was examined in a study on the utility of a short term carcinogenesis test system in
the Eker rat containing an insertion mutation in one allele of the tuberous sclerosis-2 (Tsc-2)
tumor suppresser gene, which predisposes to the development of spontaneous renal cell
carcinoma (Morton et al., 2002). The expected rate of spontaneous renal tumors is 100 % in
Eker rats at one year of age. This animal model has some phenotypic characteristics of the
human tuberosis sclerosis where mutations on the TSC2 or TSC1 gene on chromosomes 16
and 9, respectively, are related to neurological disorders and various proliferative lesions in
several organs (brain, heart, skin and kidneys) (review: Lendvay and Marshall, 2003). A
group of 15 male Eker rats received orally 6.5 mg/kg bw/d 2,4-TDA on 7 days/week by
gavage for a treatment period of 4 months beginning at an age of 10 weeks. In a control group
10 male Eker rats received the vehicle (0.01 M HCL) only. Complete necropsies were
performed on all animals and a full set of tissues was collected and examined by lightmicroscopy. No signs of nephrotoxic effects were seen in 2,4-TDA treated rats, the mean
number of renal hyperplastic tubules was 1.5 times higher in rats receiving 2,4-TDA. The
mean numbers of renal adenomas were slightly higher in 2,4-TDA treated rats, two animals
beard 3 renal cell carcinomas whereas no carcinoma was found in the control Eker rats at this
time point. No other (nonrenal) tumors were observed. No effect was seen in the liver, a target
organ of 2,4-TDA carcinogenic action, in this model.
Chemical-induced mutations in both alleles of the TSC2 genes were found in some renal cell
carcinomas of Eker rats after nitrosamine treatment (Satake et al., 1999) that may give an
explanation for increases in tumor rates and shortening of the latency period. Since no data on
the mode of 2,4-TDA induced acceleration of tumor response were available, the
interpretation of the study of Morton and co-workers remains uncertain. The kidney was not
identified as a target for 2,4-TDA carcinogenicity in rat strains without predisposing gene
abnormalities. However, it can not be excluded that humans with loss of function of the TSC
tumor suppresser gene might have an increased susceptibility to develop renal carcinomas
when exposed to 2,4-TDA.
To elucidate the source of the discordant results of 2,4-TDA and 2,6-TDA in the NTP
bioassays studies were designed to determine the effects of these two chemicals on the cell
proliferation in the liver (Cunningham et al., 1990, 1991). Male F344 rats received 9 daily
gavage exposures of 12.5 or 25 mg/kg bw/d 2,4-TDA (purity >99%) and 25 or 50 mg/kg bw/d
2,6-TDA (purity >99%) in 0.01M HCl. Doses are equivalent to the starting bioassay doses of
125 and 250 ppm (2,4-TDA) or 250 and 500 ppm (2,6-TDA). Control groups received either
0.01M HCl as vehicle control or 0.4 ml carbon tetrachloride (CCl4) in corn oil (ip) as positive
control. Osmotic minipumps containing BrdU (30 mg/ml) were implanted subcutaneously
into the backs of all rats on the day following initiation of dosing. After 9 days rats were
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killed and midlobe radial sections of the right anterior lobe of the liver were fixed, embedded
in paraffin, and immunostained for BrdU incorporation into newly replicated cells. Random
areas of the slides were chosen for counting labeled and unlabeled hepatocyte nuclei (>1000
hepatocytes/slide total), and the labelling index (LI) was calculated as the number of labelled
hepatocytes/total number of hepatocytes (labelled plus unlabelled). Following 9 consecutive
days of dosing liver weight/body weight ratio was increased at 25 mg/kg bw/d 2,4-TDA. Rats
treated with 50 mg/kg bw/d 2,6-TDA showed a slight but significant decrease in the liver
weight/body weight ratio. Vehicle and CCl4 treated animals had average Labelling index in
the liver of 1.1% and 50%, respectively. 2,4-TDA treatment induced a dose-dependent
increase in cell proliferation in the liver. Animals receiving 2,4-TDA had an average LI of
12.5% at 12.5 mg/kg bw/d, and 20.4% at 25 mg/kg bw/d, whereas 2,6-TDA treatment induced
no increase in cell turnover compared to vehicle control. Animals receiving 2,6-TDA had an
average LI of 0.7% at both doses. These results indicate a positive correlation between
increased cell proliferation and hepatocarcinogenesis induced by 2,4-TDA .
In further studies with Big Blue® transgenic B6C3F1 mice an increase of mutant frequency at
lacI gene in the liver was reported after exposing to 2,4-TDA in feed for a period of 90 days,
whereas the administration of 2,6-TDA did not increase the mutant frequency (Cunningham
and Matthews 1995).

Taningher et al. (1995) investigated 2,4- and 2,6-TDA for the ability to induce preneoplastic
foci in male F344 rat livers detected by GGT-staining in diethylnitrosamine (DENA)-initiated
hepatocytes. For the preneoplastic foci test, groups of six rats were initiated at the same time
by i.p. injection of 200 mg/kg bw DENA. After two weeks on basal diet, treated groups were
given oral doses by gavage, 5 days/week of 25 mg/kg bw 2,4-TDA (purity 98%) or 50 mg/kg
bw 2,6-TDA (purity 97%) in 0.01M HCl for a period of 6 weeks. Rats treated as positive
controls were exposed to 500 ppm Phenobarbital sodium salt (PB) in their drinking water.
Partial hepatectomy (PH) was performed at week 3 in rats of all groups, and the experiments
were terminated at week 8. Liver sections obtained after sacrifice were fixed in 2-methyl
butane which was cooled in liquid nitrogen and stored at –80 oC. In liver slices, foci positive
for γ-glutamytranspeptidase (GGT) of ≥0.2 mm mean diameter were scored, after staining.
Four sections, one each from the right posterior and caudate lobes and two from the right
anterior lobe, were used for scoring. Only 2,4-TDA was able to significantly enhance the
growth of DENA-initiated hepatocytes, and induced significant increases in preneoplastic
foci.

The potential of diaminotoluenes to induce the enzymes, primarily cytochrome P450 proteins,
that catalyze their activation, and their ability to bind to the cytosolic aromatic hydrocarbon
(Ah) receptor were reported by Cheung et al. (1996). The results indicate, that 2,4-TDA is a
relatively weak inducer of CYP1A, displaces [3H] TCDD from the hepatic cytosolic Ah
receptor, and could autoinduce its activation. In this study male Wistar rats were given a
single intraperitoneal injection of different diaminotoluenes at dose levels of 10, 20, or 40
mg/kg bw, whereas controls received the corresponding volume of corn oil, the vehicle. All
animals were killed 24 hr after administration. For the selective induction of distinct
cytochrome P450 proteins, the animals received single daily intraperitoneal injections of
benzo[a]pyrene (25 mg/kg bw), phenobarbitone (80 mg/kg bw), or clofibrate (80 mg/kg bw)
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or by gavage isoniazid (100 mg/kg bw) or dexamethasone (100 mg/kg bw). Treatment was
carried out for three days, all animals were killed 24 hr after the last administration.

There were further studies of limited validity on the carcinogenic effects of 2,4-TDA. In the
following some early reports on experiments by various application routs in rodents to 2,4TDA are summarized which were at least partly consistent to the results of other cancer
studies. The occurrence of liver tumors in dosed male or female rats or female mice and of
subcutaneous fibromas in dosed male rats, and further of carcinomas or adenomas of the
mammary gland in the female rat of the carcinogenicity tests presented above is in agreement
with the results of the following earlier studies. To complete the database these studies were
reported here:
In order to estimate effects of repeated oral administration or subcutaneous injection of 2,4TDA, long-term studies in rats and mice were performed by Pylev at al. (1979). No data on
hematology and clinical chemistry parameters were available. Histopathology from 13 tissues
and organs including mammary gland, adrenal gland, pituitary gland, intestine, bladder and
the lung was reported. 35 male and 35 female albino interbred rats were administered orally
by gavage with a starting level of 4 mg 2,4-TDA in 0.5 ml physiological saline per animal for
5 days/week which was gradually reduced to doses of 2.1, and 0.5 mg per rat for 3 days per
week for up to 16 month. There were 39 male and 30 female control rats. Leukemia occurred
in 5.5% of the animals and mammary tumors in 29.4% of the females.
58 female CC57 mice were gavaged with 2 mg 2,4-TDA in 0.2 ml physiological saline per
animal for 5 days/week, and thereafter with 1 mg for 3 days/week for up to 16 month. There
were 104 control mice (no data of sex). Treated mice showed fewer neoplasms than the
untreated controls. It was assumed that early deaths of the treated animals may have reduced
incidences of tumor development.
25 male and 25 female albino interbred rats were injected subcutaneously with 8 mg 2,4-TDA
in 0.5 ml physiological saline/rat once a week for 16 months. During the experiment dose
level was reduced. Rats received doses of 4, and thereafter 1 mg per rat. There were 39 male
and 30 female untreated control rats. Subcutaneous injection of 2,4-TDA at dose regime
below for 16 months produced leukemia in 12% of the treated animals, and mammary tumors
were seen in 45.5% of the female rats.
26 female CC57 mice were injected subcutaneously with 2 mg 2,4-TDA in 0.2 ml
physiological saline per mouse once a week for 16 months. There were 104 untreated control
mice (no data of sex). The subcutaneous injection in mice for 16 months induced tumor
formation at the injection site in 56% of the animals and slightly increased occurrence of
leukemia.
Sarcoma was produced at the application site by subcutaneous injection of a 0.4% solution of
2,4-TDA in 1,2-propylene glycol (CAS No. 57-55-6) as vehicle into mixed strain of Saitama
rats (20 rats/sex). The injections were made in doses of 0.5 ml once a week for 246 days on
the back of rats. No contemporary controls were used. 11 rats died within 8 months, showing
no specific treatment-related effects. 9 rats survived the treatment period of 246 days,
receiving 28 injections during the study. No data on hematology and clinical chemistry
parameters were available. Histopathology of selected organs and tissues was performed. At
the injection site, developing sarcomas were detected in all survived rats. Subcutaneous
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connective tissue became thickened and small hard consolidations of various size, and
became palpable during the 8th to 12th months. These consolidations gradually turned into
irregular nodules, which rapidly grew into fatal large tumors thereafter. Some of these tumors
were rhabdomysarcomas at least in part. In single tumors, additional fibrosarcomatous areas
were seen. At necropsy, no metastasis was found, and no significant lesions were noted in
internal organs. Histological examination of the liver showed hyperemia, and an increase of
Kupffer cells, and in the later stages, hepatocellular vacuolation. However, hepatocellular
neoplasia was not described in this study (Umeda 1955).
Limited information to liver toxicity following 2,4-TDA treatment was received from an early
invalid study in rats (no data of number, sex and strain, no data of controls, and furthermore,
no data on hematology and clinical chemistry parameters). Histopathology only from the liver
was reported. Rats given 2.5% 2,4-TDA in olive oil incorporated in their diet for up 80 days
or longer did not induce carcinoma or nodular hyperplasia of the liver, but they showed
diffuse biliary cirrhosis of the liver. These histomorphlogical finding in the liver following
daily oral intake of 2.5% 2,4-TDA with the food for more than 80 days was interpreted by the
author as cancer-like atypical growth on the interlobular bile ducts (Nagata 1937, 1944).
Yoshida et al. (1941) inserted 2,4-TDA in collodium sack into the urinary bladder of rats with
the intention to induce bladder tumors in parallel with the development of liver cancer. The
substance was wrapped as crystals with collodium, and inserted into the bladder by operation,
and then the bladder was closed. No cancer-like development was encountered after at least
125 days.
Little information was obtained from a study in original language Italian (Russo et al. 1981).
Three aromatic amines, one of them was 2,4-TDA, were examined for their capacity of
damaging rat liver DNA. Compounds were tested by the „in vivo“/DNA alcaline elution
assay. 11 male Wistar rats were fed a diet containing 0, or 3.54 mg/kg bw 2,4-TDA for 9
months. It was reported that 2,4-TDA was „very positive“. Furthermore, it was directed to
toxic dose level in the study.

Isomeric mixture 2,4/2,6-TDA (80/20)

Oral
No data available.

Inhalation
No data available.

Dermal
No data available.
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Subcutaneous application
2-year study (rat)
In a subcutaneous injection test, doses of 0, 8.33, or 25 mg/kg bw of the mixture of the
isomers 2,4/2,6-TDA (80/20) (purity commercial grade) were injected subcutaneously to 30
Sprague-Dawley rats per dose and sex once a week until appearance of the first test
substance-related tumor, with a maximum of a 2-year treatment. In addition to the control
group receiving peanut oil as vehicle, there was another, similar, untreated group, and a
positive control group receiving benzidine. After cessation of the treatment the rats were kept
until their spontaneous death, or until they were in a moribund state and were killed. No data
on hematology and clinical chemistry parameters were available.
The survival rates of the 8.33 mg/kg bw dose groups were comparable to the control groups.
At 25 mg/kg bw, male and female rats showed a decrease in survival time compared to
controls. Mean body weights of all dosed male and female rats were lower than those of the
corresponding controls and were dose related. Further information on nonneoplastic effects to
the mixture of the isomers 2,4-TDA/2,6-TDA (80/20) is described in section 4.1.2.6.
Malignant tumors (not specified) were seen predominantly at the injection site in 53% of all
treated rats, being statistically significant in males only (Steinhoff and Dycka 1981).

Summary of animal toxicity data after long-term, long-life exposure to 2,4-TDA or to the
commercial mixture of TDA, 2,4-/2,6-TDA (80/20)/considerations on the mode of action
There is sufficient evidence for the carcinogenicity of 2,4-TDA in experimental animals.
Oral intake to rats at doses of 5.9 mg/kg bw/day 2,4-TDA and more lead to a dose dependent
increase of hepatocellular carcinomas or neoplastic nodules in both sexes. In addition, 2,4TDA induced adenomas and carcinomas of the mammary gland, in females, further, fibromas
of the subcutaneous tissue and an increased incidence of lung tumors (although statistically
not significant) in males (Cardy 1979, NCI 1979, Sontag 1981, Ito et al. 1969, Stula and
Aftosmis 1976, Pylev et al. 1979). In the mice hepatocellular carcinomas occurred significant
in females after oral application of doses of 15 and 30 mg/kg bw/day for 101 weeks. In
addition, oral long-life administration of 2,4-TDA may have increased the incidence of
lymphomas in female mice. Neoplasms of the lung seen as adenomas and/or
adenocarcinomas, and of the hematopoietic system were slightly increased in male mice. But
no tumors occurred at significantly increased incidences in male mice (NCI 1979, Reuber
1979).
The carcinogenicity of 2,4-TDA by the inhalation route has not been studied in experimental
animals.
The carcinogenicity of 2,4-TDA following dermal application has been investigated in one
study using Swiss-Webster mice. Skin neoplasms were seen in most groups of mice,
including untreated control mice. 2,4-TDA did not produce any abnormal proliferation or
changes of the maturation of the squamous epithelium of the skin, but limitations in study
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design do not allow firm conclusions to be drawn. Limitations of this study include the small
group size and use of a single dose level.
No carcinogenicity studies to commercial mixture of TDA, 2,4-/2,6-TDA (80/20) were
available using the inhalation, dermal, or oral route of exposure.
Repeated subcutaneous injection in rats with 2,4-TDA or the mixture of the isomers 2,4/2,6TDA (80/20) for up to 2 years induced sarcomas at the application site in both males and
females. In contrast to the oral dose studies there was no increased tumor incidence in the
liver and mammary gland (Steinhoff and Dycka 1981).

Liver tumors
2,4-TDA is a liver toxin and was carcinogenic for F344 rats in a 2-year NCI rodent
carcinogenicity study by using the oral route of exposure. It induced benign and malignant
hepatic neoplasms and also high incidence of liver lesions associated with hepatic neoplasia
in both sexes. In the rat, hepatocellular carcinomas or neoplastic nodules occurred at
incidences that were dose related in both the males and the females. The significant enhanced
incidence of hepatocellular neoplasms in both sexes is proving the carcinogenic potential of
2,4-TDA because only a low liver tumor rate was supported in historical-control animals of
the same strain. There was an increased incidence of proliferative lesions generally believed
to be associated with the hepatocarcinogenesis. These lesions consisted mainly of foci of
cellular alteration. In many of these lesions there was nuclear atypia, and in some there were
areas that resembled transition from cellular alteration to neoplasia. Studies on hepatocellular
proliferation showed that oral administration of 2,4-TDA in doses comparable to the bioassay
starting doses for 9 days results in labelling indices up to >20% in the liver of F344 rats
(Cunningham et al., 1990, 1991), and in studies with Big Blue® transgenic B6C3F1 mice an
increase of mutant frequency at lacI gene in the livers was reported after exposing to 2,4TDA in feed for a period of 90 days (Cunningham and Matthews 1995). The appearance of
significant increases of altered foci in the livers of male F344 rats was observed after
treatment with oral doses of 25 mg/kg bw 2,4-TDA, 5 days/week, for a period of 6 weeks
(Taningher et al. 1995). In B6C3F1 mice, hepatocellular carcinoma occurred in the females at
incidences that were dose related and their frequency was higher in dosed groups than
compared to the control group. Mice with carcinomas often developed simultaneously diffuse
hyperplasia in the liver, and hyperplastic nodules (NCI 1979). In mid-term toxicity studies,
liver carcinomas exhibited invasion and showed metastases in male Wistar rats, given dose
levels of 600 ppm (approx. 45 mg/kg bw/d) or more. No primary neoplasms were observed in
organs other than the liver in the treated animals, and the livers of the controls were essential
normal (Ito 1969). The higher incidences and earlier onset of tumor formation are signs of the
carcinogenic potential due to the doses employed. The addition of 1000→500→250 ppm
(approx. 28 mg/bw/d) 2,4-TDA to the diet of rats for up to 15 months resulted in a statistically
significant increase in liver tumors in both sexes. In females, the liver tumors were mostly
neoplastic nodules whereas in males, there were moderately to well differentiated
hepatocellular carcinomas (Stula and Aftosmis 1976). There are numerous early
carcinogenicity studies on 2,4-TDA using the oral route which showed that 2,4-TDA
produces liver cirrhosis and sometimes liver adenomas in rats and mice, but indisputable
malignant tumors were not encountered.
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Mammary tumors
2,4-TDA induced a high, statistically significant incidence of benign and malignant mammary
gland tumors in females F344 rats. None of the mammary tumors metastasized (NCI 1979).
23% of the treated female Sprague-Dawley rats (10 intragastric doses of 100 mg/kg bw 2,4TDA over a 30-day treatment period, followed by an additional 9-month observation period)
developed fibroadenoma, or fibrosarcoma of the mammary gland. In a further study the
addition of 1000→500→250 ppm (approx. 28 mg/kg bw/d) 2,4-TDA to the diet of rats for up
to 15 months resulted in a statistically significant increase in mammary tumor development in
both sexes. Histologically the tumors were also fibroadenomas (Stula and Aftosmis 1976). A
study of limited validity reports an incidence of 29.4% mammary gland tumor rate in female
rats (strain not specified) (Pylev et al. 1979).

Lung tumors
A statistically not significant incidence of lung tumors was seen in F344 rats (both sexes)
administered approximately ±5.9 mg/kg bw/d for 103 weeks by oral route. Neoplasms of the
lung were also slightly increased in male B6C3F1 mice. Carcinomas of the lung were welldifferentiated papillary adenocarcinomas or poorly differentiated carcinomas (NCI 1979). The
addition of 1000→500→250 ppm (approx. 28 mg/kg bw/d) 2,4-TDA to the diet of rats for up
to 15 months resulted in a significant increase of lung tumors (mostly adenomas) in males.
These findings are in accordance with the results of a previous mouse study. In this 2-year
mouse-skin-painting study, primary pulmonary adenomas and adenocarcinomas were found
in treated Swiss-Webster mice (Giles and Chung 1976).
Mechanism of tumor development
The mechanism of liver tumor development remains unclear. The available genotoxicity data
give a substantial concern that 2,4-TDA is a genotoxic carcinogen. On the other hand, the
experiments on 2,4-TDA suggest a link between hepatocellular necrosis and the development
of hepatocellular tumors, especially in male rats. In the cancer study in rats (NCI 1979, Cardy
1979) at the lowest dose of 5.9 mg/kg bw/d (time-weighted average dose after reduced in food
from 125 to 50 ppm) with both sexes there were decreased survival rates and a clearly delay
of body weight gain (approx. 25%). At the same dose necrosis and neoplasia in the liver in
both sexes were observed. Hepatotoxic effects were shown as fatty degeneration,
cholangiofibrosis, and liver cirrhosis (mid-term study, Ito 1969) as well as degeneration of the
liver (long-term study, NCI 1979, Cardy 1979). In this study nearly all instances in which
hepatic neoplasia was encountered, there were also foci of cellular alteration. The severity of
these lesions and degree of cellular and nuclear atypia were greatest in females (42/49, 86%)
given the high dose (13 mg/kg bw/d). In mice, treated animals also developed hyperplastic
hepatic nodules, but precursor hepatic lesions were not observed. In conclusion, tumor
induction after cell injury in the liver may be interpreted as indication of a nongenotoxic
mechanism of action. On the other hand there are positive genotoxic data in vitro and in vivo.
Therefore, it is unlikely to assume that there is a link between hepatocellular necrosis and the
development of hepatocellular tumors for 2,4-TDA because a correlation of toxicity and
development of tumors in the liver was seen in rats only for males but not in mice of both
sexes.
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Besides, 2,4-TDA induced the development of tumors in other organs independent of
cytotoxicity. There were a high, statistically significant incidence of benign and malignant
mammary gland tumors in female rats, and a frequently appearance of lung tumors
(statistically not significant) in rats and mice .
In summary, based on the results of experimental studies in rats and mice and the results of
genotoxicity studies to 2,4-TDA it is assumed that a genotoxic mechanism is involved for the
tumor development of each target organ. The experiments on 2,4-TDA give also suggestion to
other possible mechanisms than genotoxicity. The effect of cytotoxicity and the development
of tumors does not appear to have been investigated in depth. At present there are no data
which give reasons to assume that these mechanisms are species-specific so that they may
also apply for humans.

Human data:
data not available
Cell transformation test
Results for cell transformations tests only done without S-9 mix are contradictory.
Le Boeuf et al. (1996) observed an increase in the transformation frequency using Syrian
hamster embryo cells (SHE cells) by culturing at pH 6.7 (instead pH 7.1 to 7.3 which is
conventionally used). With a 7-day exposure, 2,4-TDA was tested at doses ranging from 0.5
up to 65 µg/ml. All concentrations from 20 µg/ml upward caused a statistically significantly
increase in morphological transformation frequency (MTF): highest MTF 3.21% as compared
to 0.39% in the negative control. Toxic effects were observed at the highest tested
concentrations.
In conventionally conducted SHE cell transformation tests (pH value 7.1 - 7.3), negative
results were shown by Holen et al. (1990) in the dose range 5.0 - 30 µg/ml; doses higher than
10 µg/ml induced toxic effects) and by Green and Friedman (1979) at doses ranging from
62.5 up to 1000 µg/ml; no data on toxic effects were given.
2,4-TDA was positive in a cell transformation test with a non-standard stable tranfected
mouse embryo fibroblast cell line (Kowalski et al., 2000). 2,4-TDA was tested in the dose
range 0.1 – 100 µg/ml. According to the authors a statistically significant number of foci was
induced from 10 µg/ml upwards. A dose of 100 µg/ml was indicated as toxic dose.
Table 4.1.2.8 D: In vitro tests: cell transformation
Test system

Concentration range

Result

Toxicity

Remarks

Reference

with S-9
mix

without S-9
mix

SHE cells

not done

0.5 - 65
µg/ml

positive at the highest
concentrations

pH 6.7

Le Boeuf et
al., 1996

SHE cells

not done

5.0 - 30
µg/ml

negative > 10 µg/ml

pH 7.1-7.3

Holen at al.,
1990

SHE cells

not done

62.5 - 1000 negative no data

pH 7.1-7.3

Green and
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µg/ml
Stable
transfected
mouse
embryo
fibroblast
cell line

not done

0.1-100
µg/ml

Friedman,
1979
positive at 100 µg/ml
(decrease in
number of foci)

Kowalski et
al., 2000

Conclusion:
Classification:
2,4-TDA is already classified and labelled as: Carcinogen Category 2, T, Toxic, R 45, May
cause cancer. This classification will be confirmed by:
•

2,4-TDA is carcinogenic in rats and mice of both sexes.

•

Carcinogenic potential of 2,4-TDA was demonstrated for administration by oral route.
There are no data available for inhalation and no relevant information for dermal route of
exposure.

•

Valid data from guideline-compliant life-time studies (NCI, 1979) and supportive data
from other long-term studies (Ito et al. 1969, Stula and Aftosmis 1976) indicated that oral
treatment with 2,4-TDA was associated with tumor development in the liver and lung (in
rat and mouse), and in the mammary gland (rat), the subcutis (rat), hematopoietic and
vascular system (mouse). 2,4-TDA induced hepatocellular carcinomas or neoplastic
nodules (synonym to hepatomas) in rats of both sexes and in female mice. In addition,
three rat studies in different strains revealed increases in tumor incidences in the
mammary gland. Dose-dependent increases in subcutaneous fibromas were seen in male
rats. Also, lung tumor incidences of carcinomas and adenomas were higher in treated male
and female rats and in male mice compared to the control values. Increases in lung tumor
rates were also observed in non-conventional studies in male ChP-CD rats (Stula and
Aftosmis, 1976). In mice, higher incidences of hemangiomas and haemangiosarcomas (in
males only) and lymphomas (in females only) than the control incidences were seen in
both treatment dose groups. Except for the murine liver tumors, other tumor rates in the
mouse did not increase dose-dependently.

•

2,4-TDA has been shown to be mutagenic in tests with bacteria (gene mutations) and
cultivated mammalian cells (chromosomal aberrations, SCE, UDS, DNA strand breaks,
DNA adducts). So, 2,4-TDA is considered as a genotoxic carcinogen.

•

Furthermore, other mechanisms of tumor induction may be involved. Increased cell
proliferation following liver cell necrosis might also be active in hepatocarcinogenesis by
2,4-TDA. However, the lack of toxic precursor lesions in mice livers questioned the
significance of cytotoxicity induced mitogenic effects. No indications on other possible
modes of action than genotoxicity were identified for the tumors at other tumor target
sites than the liver.
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•

There are no human data on the carcinogenic effects of 2,4-TDA. No mechanistic
arguments are known to indicate that these findings would be restricted to animals.

According to the EC criteria of Directive 93/21/EEC for classification and labelling guide
2,4-TDA is classified as a carcinogen, category 2 and labelled as T, Toxic, R 45 (May cause
cancer).

Isomeric mixture 2,4-/2,6-TDA (80/20)
No carcinogenicity studies on the commercial mixture of TDA, 2,4-/2,6-TDA, was available
using the inhalation, dermal, or oral route of exposure.
The commercial grade TDA, which was an isomeric mixture of the 2,4- and 2,6-TDA, is
suspected to have carcinogenic properties due to the main compound 2,4-TDA. Therefore, the
current classification of 2,4-TDA is also proposed to the commercial mixture 2,4-/2,6-TDA .

4.1.2.9

Toxicity for reproduction

2,4-TDA
Animal data:
Fertility impairment
Guideline-according generation studies are presently not available. However, 2,4-toluene
diamine had been investigated for effects on male fertility in a series of several feeding
studies in Sprague- Dawley rats (Thysen et al. 1984; Thysen 1985 a, b; Varma et al. 1988).
Further details on these studies are provided in chapter 4.1.2.6.
In a first preliminary study, an unspecified number of animals were fed a laboratory chow
containing 0.1% 2,4-TDA for nine weeks, equivalent to a daily intake of approximately 50
mg/kg bw (Thysen et al. 1984, only abstract available). Several mating trials followed and
resulted in reproductive failure. All of the treated males revealed to be sterile since the
vaginal smears of all females were devoid of sperm and no pregnancies resulted. It was
reported that at this level 2,4-TDA caused body and testicular weight loss. Pathologic studies
in the treated males showed arrested spermatogenesis, the seminal vesicles contained little
fluid, the ventral prostate was filled with a rubbery coagulum, and the epididymal fat pad
showed extensive regression. Increased plasma LH levels were noted while plasma
testosterone levels were normal.
In a second experiment diets admixed with 0, 0.03 and 0.01% 2,4-TDA (98% purity) were fed
ad libitum over a period of 10 weeks to groups of 8 to 10 males according to a daily intake of
approximately 15 and 5 mg 2,4-TDA/kg bw (Thysen et al. 1985a). After 10 weeks of
treatment mating trials followed over a period of 2 weeks with a total of 4 untreated virgin
females mated with each male. Body weights were measured weekly. The females were killed
2 weeks after confirmed insemination and examined for the presence and number of
implantation sites, viable implants and resorptions. The males were sacrificed 2 weeks after
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mating, i.e., 4 weeks after return to regular feed. The testes and epididymides were taken for
histopathological investigation. The rats that were fed 0.03% 2,4-TDA showed a retardation
in weight gain during weeks 4 -10 probably due to some reduced food consumption. Five out
of the ten males treated with 0.03% 2,4-TDA were infertile (evidence of implantaions on day
14 after mating / number of sperm positive females for males considered as infertile was 0/2,
0/4, 0/3, 0/3 and 0/4), while the remaining animals in this group exhibited generally
unimpaired fertility. All animals in the control and low dose groups were fertile. The mating
index (provided as ratio of sperm-positive females/mated females) was statistically
significantly (p<0.01) reduced to 0.73 in the group fed 0.03% 2,4-TDA in comparison to 0.95
and 1.00 in the 0.01% dose group and in the controls. The fertility index (provided as ratio of
pregnant females/sperm-positive females) was statistically significantly (p< 0.05) reduced to
0.41 in the group fed 0.03% 2,4-TDA in comparison to 0.74 and 0.72 in the 0.01% dose group
and in the controls. The pregnancies derived from treated males were not significantly
different from those produced from control males in terms of viable implants. Also the mean
number of resorptions were similar in all of the groups. Light-microscopic examinations of
the testes of rats treated with 0.03% 2,4-TDA revealed focal or diffuse
hypospermatocytogenesis in the seminiferous tubules and in cauda epididymides.
These latter results were further supported by an additional quantitative study in which the
effects of dietary exposure to 0, 0.01 and 0.03% 2,4-TDA on epididymal sperm counts,
reproductive organ weights, and on circulating levels of gonatropins and of testosterone were
evaluated after a period of 10 weeks of exposure as well as after an additional period of 11
weeks on normal chow (Thysen et al. 1985b). Also in this trial after 10 weeks of exposure the
rats that received 0.03% 2,4-TDA had reduced weight gain (36% less than the controls)
presumably due to some reduced food consumption. Since food deprivation in male rats for
longer periods has not been found to affect spermatogenesis it is rather unlikely that 2,4-TDA
treatment associated sperm count reductions can be explained as an effect secondary to
reduced increase in body weight gain. For the 0.03% 2,4-TDA treatment group mean organ
weights were statistically significantly (p<0.05) lower for epididymidis (525 + 129 mg versus
650 + 57 mg in controls) and seminal vesicles (197 + 19 mg versus 238 + 22 mg in controls)
whereas testes and prostate weights of the treated animals were similar to those of controls.
Diminished epididymal sperm reserves (total sperm count/cauda epididymidis) were found in
animals even at the 0.01% 2,4-TDA dose level (267+70x106 versus 323+52x106 in controls),
and there was a substantial and statistically significant (p<0.05) decrease in sperm count to
110+87x106 total sperm/cauda epididymidis in the high dose group with oligospermia as the
major effect during the treatment period. After the recovery period of 11 weeks the sperm
count in the 0.03% 2,4-TDA treatment group remained statistically significantly (p<0.001)
depressed (139+144x106/cauda epididymidis versus 342+58x106/cauda epididymidis in the
controls). The sperm concentrations correlated well with testis and epididymidis weights,
which were both significantly reduced. No significant changes were found for mean seminal
vesicle and ventral prostate weights. There was a statistically significant (p<0.05) decrease in
serum testosterone (2.24+1.56 ng/L versus 4.48+0.95 ng/L in the controls) in the 0.03% 2,4TDA treatment group after 10 weeks on diet and it remained statistically non-significantly
low (1.66+0.51 ng/L versus 2.33+0.81 ng/L in the controls) even after a recovery period of 11
weeks. The reduced androgen levels were in accord with statistically non-significantly
elevated LH concentrations. There was no significant treatment related effect on FSH levels.
The studies of Thysen et al. were further extended to the determination of effects of 2,4-TDA
on androgen-binding protein (rABP) production, on ultrastructural changes in seminiferous
tubules, and on early changes in testicular morphology and spermatogenesis in a series of
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additional studies (Varma et al. 1988). In the first experiment groups of 9 rats were given 0 or
0.03% 2,4-TDA via diet for a period of 10 weeks and serum, medium of seminiferous tubule
cultures, and testicular and epididymal cytosol were analyzed for rABP. Serum rABP and
testicular cytosol concentrations from treated rats were 3.8- respectively 8.9-fold higher than
from control rats. Media from cultures of TDA-exposed seminiferous tubules contained 7
times as much rABP as those of control tubules. Epididymal cytosol from treated animals
however showed a 67% decrease in rABP content. Testes examination by transmission
electron microscopy revealed variable degenerative changes in Sertoli cells as compared with
controls. Germ cells, where present, demonstrated normal maturational changes. In the second
experiment groups of 5 rats were given 0 or 0.03% 2,4-TDA via diet and sacrificed at 2 week
intervals up to 10 weeks on diet. After 4, 6 or 8 weeks there was a doubling of testes/body
weight ratios. The testes weight gain correlated closely with the highly significant 2- to 3-fold
increase in seminiferous tubule fluid volume. After 10 weeks of exposure testicular weight
was reduced to that of controls, but seminiferous tubule fluid volume was still elevated. An
approximately 50% decrease in epididymal sperm reserves was found when TDA feeding was
extended to 6, 8, or 10 weeks. The observed changes in testicular characteristics were
interpreted as an indication for 2,4-TDA effects on Sertoli cell function, on rABP release
from the testes and epididymides, and possibly on tubular fluid transport. In the third
experiment groups of 9 rats were given 0 or 0.06% 2,4-TDA via diet for 1 or 3 weeks. After 1
week in the treated animals there was a 25% decrease in body growth and epididymal sperm
content, reduced epididymal weight, and minor structural changes in Sertoli cells. After 3
weeks of exposure the sperm counts were further reduced, and were accompanied by a
doubling of testes weight, and ultrastructural changes in Sertoli cells. There were no
significant changes in serum testosterone levels. The results of this study demonstrated 2,4TDA toxicity on testicular spermatogenesis to occur within 3 weeks of treatment suggesting
that the early inhibition of spermatogenesis by 2,4-TDA is mediated through Sertoli cell
damage.
Additional information can be taken from short-term investigations with an in vivo model
proposed as a “rapid -test“ to identify carcinogenic activity (Topham 1980), where 2,4-TDA
failed to induce sperm-head abnormalities in a special inbred strain of mice.
Furthermore in a dominant lethal test with male DBA/2J mice treated orally or with i.p.
injections with doses of 2 x 40 mg 2,4-TDA/kg bw on two consecutive days there was no
change in percent of fertile matings, the number of implantations or mean percentage of
postimplantation death up to 7 weeks post treatment. Also there was no indication of an
increase in morphologically abnormal sperm at 8 weeks after treatment (Soares and Lock
1980). After single i.p. injections of high doses of 111 to 375 mg 2,4-TDA to C57Bl/6xC3H
mice an inhibition of testicular DNA synthesis of 53 to 86% was observed within a period of
6.5 hr after administration (Greene et al. 1981). However, because of the acute exposure to
high doses and the different parameters which were investigated a comparison with the data
generated in rats is not possible.

Developmental toxicity:
Guideline-according developmental toxicity studies are presently not available. However, 2,4toluene diamine had been investigated in a screening assay covering a total of 60 chemicals at
one dose level only, where a group of 50 CD-1 albino mice was treated orally by gavage with
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150 mg 2,4-TDA/kg bw/d in corn oil in a volume of 10 ml/kg bw on gestational days 6 to 13
(Hardin et al. 1987 a, b). This dose was equivalent to the LD10 predicted from a preceding
dose-finding study in non-pregnant animals and revealed signs of clear-cut maternal toxicity
as 17 out of the 50 dams died and a significantly reduced mean body weight change was
noted. In the surviving dams treatment with 2,4-TDA significantly reduced the number of live
litters (5 out of 20) as well as the number of live born per litter. In the remaining offspring
birth weight, weight gain, and viability through the first three postpartum days were not
significantly different from that of the control group.
Other information for completeness of the database:
In a compilation of 517 chemicals, that had been screened for estrogenic activity in vitro
using a yeast two-hybrid assay, also 2,4-TDA is listed (Nishihara et al., 2000). Whereas 64
out of the 517 tested compounds were evaluated as positive, for 2,4-TDA no estrogenic
activity was revealed.

Human data:
There are several studies available from the United States upon male employees from several
plants manufacturing diaminotoluenes concerning the rates of spontaneous abortion,
stillbirths, and congenital malformations in their offspring and including the investigation of
semen specimens (Ahrenholz 1980; Anonymous 1980; Ahrenholz and Meyer 1982; Hamill et
al. 1982; Levine et al. 1985, reviewed by WHO 1987). Occupational exposure in these studies
usually involved exposure to both diaminotoluenes (without indication of the isomers) and
dinitrotoluene without discrimination. During the course of these studies spermatocytedamage effects for the exposed groups and an increased rate of spontaneous abortions among
the wives of exposed workers were indicated in some of the studies, while from other studies
no significant differences in semen analysis and in miscarriage rates were reported. The
overall evaluation of these occupational exposure studies is not possible because of the mixed
exposure and the fact that testes damaging effects are also being discussed for dinitrotoluene.
Furthermore, the results of those studies indicating any reproductive impairment are of
limited value for several reasons, e.g., the cohorts were of limited size only and there were
some risks of selection bias, because the populations were restricted to those who
volunteered. Therefore, the presently available human data are not assessed to be suitable for
reproductive hazard identification of 2,4-TDA. Any human data on females are not available.

Conclusion:
Animal studies revealed that the repeated oral intake of 2,4-TDA affects male fertility and
spermatogenesis in rats dose-dependently. Dietary dose-levels of approximately 15 mg/kg
bw/d over a 10 week period significantly reduced mating and fertility indices and produced
obvious toxic effects on spermatogenesis (66% reduction) associated with a significant
reduction in the weights of seminal vesicles and epididymides, morphological damage of
Sertoli cells as well as with a diminished level of serum testosterone and an elevation of
serum LH. Sperm count and testosterone levels remained low even after a recovery period of
11 weeks. Since first effects on epididymal sperm reserves were shown at a dietary level of
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approximately 5 mg/kg bw/d this dose is assumed to represent the marginal LOAEL. A
NOAEL for the effects on sperm parameters could not be shown.
Based on the evaluation of the available animal data 2,4-TDA should be classified as
Reprotox. Cat. 3, R 62 (Possible risk of impaired fertility).
Experimental data related to female fertility are not available.
Hazard identification with respect to reproduction cannot be completed at present because the
available data from a single screening investigation in mice are not valid for the assessment of
any developmental impairment. Since the presently available results from epidemiological
studies are inconclusive and some of the studies were of restricted validity, hazard
identification with respect to reproduction is primarily based on the experience from animal
studies.

Isomeric mixture 2,4/2,6-TDA (80/20)
Animal data
Fertility impairment:
There are no data available.

Developmental toxicity:
There are no data available.

Other information for completeness of the database:
Investigations on 2,6-TDA revealed that in the testes of mice there was a 40 to 56% inhibition
of DNA synthesis after a single i.p. injection of 30 to 100 mg 2,6-TDA/kg bw (Greene et al.
1981). Examination of the body temperature of the animals led to the hypothesis that this
inhibition might have been caused by chemically induced body temperature decrease. There
were no further data on toxicity on testes reported.
Conclusion:
Hazard identification with respect to toxicity for reproduction can not be performed since
there are no investigations available with 2,4-/2,6-TDA (80/20). Also the presently available
results from epidemiological studies are inconclusive and some of the studies were of
restricted validity.
Animal studies with rats on the predominant isomer however revealed that the repeated oral
intake of 2,4-TDA affects male fertility and affects spermatogenesis already at a dose level of
approximately 5 mg/kg bw/d. Since 2,4-TDA is the major constituent of 2,4-/2,6-TDA
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(80/20), also this mixture of isomers should be classified as Reprotox. Cat. 3, R 62 (Possible
risk of impaired fertility).
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4.1.3

Risk characterisation

4.1.3.1

General aspects

Toluene-2,4-diamine (2,4-TDA) is almost completely absorbed via the gastrointestinal tract in
animals and well absorbed via the skin (in man 24% over an exposure time of 24 h). No data
are available on inhalation. In rats the highest tissue concentrations were measured in liver
and kidney after oral or i.p. administration. Concentrations in heart, lungs, spleen, and testes
were significantly lower. The maximum concentration in blood was determined in rats after 1
to 8 h following i.p. injection. There are no species-related differences in tissue distribution
between mice and rats.
In rats, rabbits, and guinea pigs unchanged 2,4-TDA was excreted via urine in concentrations
from 0.1 to 3%. 2,4-TDA is mainly hydroxylated at the ring under formation of aminophenols
(major pathway) and additionally N-acetylation occurs. Mono- as well diacetyl derivates were
observed in different quantities in the urine of rats, mice, rabbits, and guinea pigs. In dogs,
however, only very small amounts of the monoacetyl derivative were detected. Elimination of
sulfate conjugates was shown in the 24-hour urine in rats and mice, whereas glucuronic acid
conjugates occurred at a higher level in mice than in rats. The excretion of the 2,4-TDA
metabolites predominantly occurs via urine in rats and mice. A study in rats with oral
administration or i.v. injection of 3 mg/kg bw resulted in an urinary elimination half-life of
4.6 h. An oral dose of 60 mg/kg bw showed an elimination half-life of 8 hours.
In animal tests, 2,4-TDA has proven to be toxic (tests with rats and mice), resulting in oral
LD50 values between 73 and 350 mg/kg bw. In a study with dermal application, a dermal
LD50 value of 1200 mg/kg bw was detected. No human nor animal data are available on
acute inhalation toxicity of pure 2,4-TDA. However, taking into account the fact that a
mixture of 80% 2,4-TDA and 20% 2,6-TDA has a similar acute toxicity profile as pure 2,4TDA, results of tests with that 80/20 mixture are considered sufficient to assess the acute
inhalation toxicity of the pure 2,4-TDA: The inhalation toxicity of that mixture is considered
to be of no concern as judged on the basis of tests with rats, mice and rabbits. The 80/20
mixture of 2,4-/2,6-TDA was toxic to harmful in tests with rats, mice, rabbits and cats, based
on oral LD50 values between 50 and 500 mg/kg bw. With dermal application a LD50 value of
463 mg/kg bw was determined for rats. No mortality occurred after a 4 hour inhalation to
concentrations of appr. 5.57 mg/l, but all animals appeared in a bad health state. Thus, a
concentration of 1.8 mg/l will be used for risk characterisation.
Enhanced methaemoglobin formation was detected after a single oral dose application of the
80/20 mixture of 2,4-/2,6-TDA to cats ranging from 70% increase after a 50 mg dose and a
5.4% increase after a 0.5 mg dose.
In Draize tests with rabbits, 2,4-TDA did not cause skin irritation and demonstrated only
slight conjunctival redness after instillation to the eye. However, the 80/20 mixture of 2,4/2,6-TDA has demonstrated severe corrosive properties when instilled into the eyes of rabbits.
In a Magnusson Kligman test with 2,4-TDA up to 100% of the guinea pigs demonstrated a
positive reaction. Human data demonstrate a possible cross sensitivity to p-phenylenediamine.
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Studies in experimental animals have shown that main toxic effect associated with dietary
exposure of 2,4-TDA is hepatotoxicity. In short-term studies effects were characterized by a
decrease in body weight and an increase in the liver: body weight ratios. In long-term studies
toxic effects on the liver accelerated the development of chronic renal disease in rats, an
effect that contributed to a marked decrease in survival. In a 2-year feeding study in rats, the
lowest dose of 5.9 mg/kg bw/day showed toxic effects in the liver and kidneys and increased
tumor incidences in the liver (male rats, female rats, female mice), and in the mammary gland
(female rats) (LOAEL). Severe testicular atrophy was a finding at 28 mg/kg bw/day in rats in
a 15 months study. Inhibited spermatogenesis (66%) associated with a significant reduction in
the weights of seminal vesicles and epididymides, morphological damage of Sertoli cells as
well as with a diminished level of serum testosterone and an elevation of serum LH was
observed at dose level of 15 mg/kg bw/day in rats in a 10-week study. The dose of 5 mg/kg
bw/day is considered as marginal LOAEL for effects on reproductive organs as it causes a
decrease in epididymal sperm reserves.
In subacute studies of limited test design with inhalation exposure to the isomeric mixture
2,4-/2,6-TDA (80/20) gave 0.0095 mg/l (approx. 1 mg/kg bw/day) as a NOAEL for systemic
effects in the rat. Whereas, in cats as a very sensitive species for methemoglobinemia this
dose already caused a slight methemoglobin formation of 2.07%.
In vitro 2,4-TDA induces genotoxic effects in bacteria (gene mutations) and cultivated
mammalian cells (chromosomal aberrations, SCE, UDS, DNA strand breaks, DNA adducts).
In general, rodent in vivo micronucleus tests were negative in bone marrow or peripheral
blood; a weak positive effect in one rat strain was limited to a dose with high acute toxicity.
In other tissues generally weak genotoxic effects were obtained, e.g. SCE in bone marrow
cells, gene mutations in transgenic mice livers, UDS in rat liver, DNA strand breaks in liver,
stomach, colon, lung, brain and kidney and DNA adducts in liver, mammary gland, kidney
and lung were observed in rodent livers.
From a non-standard assay measuring a reduction of murine testicular DNA synthesis after
2,4-TDA application there is some indication for effects on the testes (Greene et al. 1981).
Since hypothermia was found in a parallel experiment, reduced DNA synthesis is not a
specific effect of DNA reactivity and the positive result was not supported by other in vivo
tests on mutagenicity in germ cells (dominant lethal and sperm morphology tests) we do not
regard these data as sufficient to classify 2,4-TDA as a category-2 mutagen. However, due to
low sensitivity of dominant lethal and sperm morphology tests these test systems are not
adequate for exclusion of germ cell mutagenesis. On the basis of the positive findings on
somatic cells in vitro and in vivo we rather propose to classify the substance as a category-3
mutagen, R 68 (Possible risk of irreversible effects).

2,4-TDA is carcinogenic in standard animal studies. In rats, 2,4-TDA produced liver tumors
in both genders and mammary tumors in females after oral administration, and local sarcomas
after subcutaneous injection. 2,4-TDA was also carcinogenic for female mice, inducing
hepatocellular carcinomas. The incidence of lymphomas in the female mice suggested that
these tumors also may have been related to administration of 2,4-TDA.
It was concluded that the mixture of the isomers 2,4-/2,6-TDA (80/20) has to be considered as
potential carcinogen due to content of the constituent 2,4-TDA (80%).
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Results from human epidemiological studies concerning reproductive health are inconclusive
and some of the studies are of restricted validity only. With respect to fertility impairment the
available data from studies in male rats revealed 2,4-TDA to affect male fertility (in terms of
reduced fertility and impaired spermatogenesis) in a dose related manner (LOAEL for effects
on spermatogenesis of 5 mg/kg bw/d). Hazard characterisation for reproductive toxicity
cannot be completed due to the lack of valid data for the assessment of the endpoint
developmental toxicity.
According to the hazard characterisation of 2,4-TDA it was concluded that also the mixture of
isomers 2,4-/2,6-TDA (80/20) has to be considered to be a reproductive toxicant.

151

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
4.1.3.2

Workers

4.1.3.2.1

Introductory remarks

2,4-TDA is a colourless solid with a vapour pressure of 0.017 Pa at room temperature, which
is soluble in water and organic solvents. The substance is predominantly used as an
intermediate in the chemical industry. The major part (98–99%) is processed as a 2,4/2,6TDA (80/20) mixture to toluylene diisocyanate (TDI). A minor amount is used as a starting
product for the production of acridine, sulfur and azo dyes.
The occupational exposure scenarios have been described and discussed in detail in section
4.1.1.2. Exposure to 2,4-TDA may occur during production and further processing of 2,4TDA as a chemical intermediate and in the production and use of 2,4-TDA pastilles. The
exposure routes to be considered in connection with the workplace are inhalation and dermal
contact especially during cleaning, repair and decoupling of transfer lines or handling of the
TDA pastilles. For workers the inhalation exposure levels reported in table 4.1.1.2.2.A are
taken forward to risk characterisation. Dermal exposure is assessed with the EASE model.
The used values for the dermal risk assessment represent the worst case situation (see table
4.1.1.2.2.B).
The toxicological data on 2,4-TDA are described and discussed in section 4.1.2. If studies are
performed with the 2,4/2,6-TDA (80/20) mixture, the toxicological effects are generally
ascribed to the component 2,4-TDA, otherwise it is mentioned separately. Quantitative human
toxicity data are not available. Risk estimations are therefore based on animal data. The
experimental threshold levels identified in the hazard assessment part of the report are taken
forward to occupational risk assessment. Carcinogenicity is addressed as the most significant
effect in the toxicological profile of 2,4-TDA.
Systemic availability for different routes of exposure
For the majority of toxicological endpoints 2,4-TDA data originate from oral studies. Since
workers are exposed either by inhalation or by skin contact, route to route transformation is
essential for worker risk assessment.
According to elimination studies in rats 2,4-TDA is assumed to be readily absorbed via the
gastrointestinal tract. 60−65% of an orally administered dose is excreted within 48 hours via
the urine. The excretion of the activity in the feces of rats after i.v. or i.p. injection was 20 –
30% after 2 to 5 days, thus supporting that the absorption of 2,4-TDA in rats after oral dosing
is almost complete.. For skin penetration a value of 24% is reported from male human
volunteers (see chap. 4.1.2.1) without further information. From comparison of oral and
dermal LD50 values (a comparison that is only valid for a high dose range) dermal dosing
seems to be clearly less effective than oral application, however the difference does not reach
one order of magnitude (see chap. 4.1.2.2). No data are reported for absorption by inhalation.
For risk assessment purposes the following assumptions of systemic availability are taken
forward for the calculation of MOS.
Systemic availability after oral intake:
ca. 100% (experimental data)
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Systemic availability after dermal contact:
Systemic availability after inhalation:

ca. 25 % (experimental data)
ca. 100 % (default assumption)

Occupational exposure and internal body burden
In table 4.1.3.2.A. the exposure levels of table 4.1.1.2.2 are summarised and the route specific
and total internal body burden is identified.

Table 4.1.3.2.A: 2,4-TDA exposure levels which are relevant for occupational risk
assessment and internal body burden
Inhalation
Dermal contact
shift average shift average
(mg/m3)
(mg/p/d) (2,3)

Internal body burden of workers after repeated
exposure (mg/p/d)
Inhalation(1)

Dermal(2,3)

Combined

1) Production and
further processing
as a chemical
intermediate

0.00075

0.15

0.0075

0.0375

0.045

2) Production 2,4TDA pastilles (4
weeks/year)

0.025

0.42

0.25

0.105

0.355

3) Use of 2,4-TDA
pastilles for the
production of dyes
(not daily)

0.025

0.42

0.25

0.105

0.355

(1)

based on the assumption of 100% inhalative absorption; breathing volume of 10 m3 per shift
EASE use of suitable gloves
(3)
25% dermal absorption
(2)

Because of the assumption, that the systemic availability of 2,4-TDA after inhalation is 100%,
the inhalative exposure and internal body burden by inhalation are equal. In the case of
dermal risk assessment the systemic availability for dermal exposure is assumed to lie in the
range of 25%. The internal body burden is therefore lower than exposure at the workplace by
the factor 4.
Default values for physiological parameters
Body weight, rat
Body weight worker
Respiratory rate, rat at rest
Respiratory rate, worker at rest
Respiratory volume of worker during 8 hours at rest
Respiratory volume of worker during 8 hours of light activity
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250 g
70 kg
0.8 l/min/kg
0.2 l/min/kg
6.7 m3
10 m3
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Calculation of MOS values
MOS values are calculated as quotient of experimental NOAEL (or LOAEL) from animal or
human studies and workplace exposure levels. If the route of application in animal or human
studies is different from the actual occupational exposure, the dose units of the experimental
and exposure data have to be adapted previously to MOS calculation. As result of this
adaptation a “starting point” for the MOS calculation is identified.
The exposure routes considered in occupational risk assessment are inhalation and dermal
contact. The MOS values for exposure by each route are considered separately. The combined
MOS-value is calculated as quotient of the internal NAEL (i.e. the external NOAEL
multiplied with the percentage of absorption) and the total internal body burden.
With respect to the possible outcome of an assessment for combined risks, interest focuses on
scenarios with conclusion ii at both exposure routes. Based on theoretical considerations,
combined exposure will not increase the most critical route-specific risk component more
than twice. Against this background it is recognized that combined risks only rarely determine
concern. However, for the sake of completeness, all combined MOS values are given in this
report on 2,4-TDA.
Evaluation of MOS values
Risk assessment based on MOS values implies the identification of a minimal MOS as
decision mark between conclusion ii and iii. In order to get consistent conclusions for
different chemicals, substance-specific adjustment factors, which may vary depending on data
availability and the specific toxicological endpoint to be evaluated, are identified.
Scientifically based adjustment factors are used for the extrapolation of animal data to the
worker population (e.g. adaptation of scenarios, route-to-route extrapolation, interspecies
extrapolation and duration adjustment). The uncertainties in the specific calculations are
weighed by expert judgement and expressed as an additional “uncertainty factor”. The
multiplicative combination of these different factors and the uncertainty factor yield the
minimal MOS value.
If the MOS value for a certain exposure scenario is below the minimal MOS, the
corresponding risk situation is considered to be of concern. A MOS value higher than the
minimal MOS indicates no concern.
In a parallel procedure, which gives identical but more direct results, the toxicological starting
point carried forward to risk characterisation may be divided by the endpoint-specific
assessment factors. As a result, an exposure level is identified, which may serve as trigger for
decisions when compared directly with the occupational exposure levels. In the context of this
risk assessment report it will be called “critical exposure level”. Concern will be expressed
for scenarios above this trigger value.
Interspecies differences
Species differences might exist concerning the susceptibility for 2,4-TDA toxicity. However
no information on the relative sensitivity of humans is available. There is no mechanistic
argument to suggest that findings are restricted to animals and should not be transferred to
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humans. For the purpose of occupational risk assessment, scaling on the basis of metabolic
rate is used as a default assumption for interspecies extrapolation.
For interspecies extrapolation of oral or dermal data metabolic rate scaling results in lower
effective dose levels in mg per kg bodyweight for humans compared to experimental animals.
The scaling factor depends on [bodyweight human/bodyweightanimal]0.25, e.g. for rats a factor of 4
will be used (for details of calculation see NO_NL, 1999).
For inhalation the principle of metabolic rate scaling implies that a specific inhalation
exposure level (in mg/m3) is toxicologically equivalent in experimental animals and humans.
However, care has to be taken to rely the extrapolation between species on directly
comparable conditions: under study conditions rats are thought to be at a state of reduced
activity; the corresponding human breathing volume in 8 hours is 6.7 m3 (0.2 l/min/kg x 60
min/h x 70 kg). Workers are assumed to breathe 10 m3 during a normal working day under
conditions of light to moderate activity. Thus for workers the amount of substance inhaled
must be spread over a 1.5 times higher breathing volume. Maintaining toxicological
equivalence means that, compared to the experimental levels, the corresponding occupational
air concentrations will be 1.5 times lower.
Duration adjustment
Since studies with suitable experimental design are available for 2,4-TDA there is no need for
a specific duration adjustment step in extrapolation. Where adaptation of daily or weekly
doses is necessary, e.g. in the calculation of totally administered amounts of 2,4-TDA, a linear
adjustment is used.
Uncertainty considerations
The default adjustment factors outlined above are based upon evaluation of literature data for
different chemicals. From a statistical point of view the individual parameters have to be
understood as point estimates belonging to probability density functions. Each factor is taken
as geometric mean (point near maximum) from its density function. The multiplicative
combination of all factors is therefore supposed to result in a central tendency point estimate,
addressing a situation which is likely to occur. However, the actual risks may either be less or
more pronounced than estimated.
To complete the assessment, the uncertainty included in the procedure outlined above should
be addressed and, if necessary, be used to modify the minimal MOS in terms of precaution.
On that purpose several aspects should be taken into account, which by their nature are not
easy to quantify. Examples are the reliability of the data base, the variability in assessment
factors, the different steps necessary to bridge data gaps, the biological relevance of the
observed effects.
Intraspecies variability
There are no substance-specific data which might permit quantification of possible
differences in sensitivity among workers. For the evaluation of MOS values a specific
intraspecies extrapolation factor is not used. To a certain extent, the aspect of human
variability will be covered by uncertainty considerations introduced to the risk evaluation.
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MOE approach:
The formal structure of the MOE approach (Margin Of Exposure) for non-threshold
carcinogens is comparable to the MOS approach for threshold effects. In both risk assessment
approaches MOS or MOE values are compared with minimal MOS or MOE values.
Calculation of the MOE values starts with the dose descriptor chosen (T25, BMDO5). The
dose descriptor is divided by the exposure levels resulting in scenario-specific MOE values.
These values have to be compared with a standard, which is called the minimal MOE. This
minimal MOE contains the overall information that bridges the gap between the (animal) dose
descriptor chosen and the „very low concern“ situation of specified exposure groups.
The higher the MOE in comparison to the minimal MOE, the lower (is) the anticipated
carcinogenic risk. The minimal MOE is a decision criterion that aims at a risk level already
considered to be of very low concern. If the actual scenario-specific MOE is significantly
greater than the minimal MOE, it might be indicated to the risk managers that current risk
reduction measures are already very effective and presumably have already resulted in very
low risks.
On its own, the scenario-specific MOE value does not allow for reaching conclusions on
concern. For that purpose the scenario-specific MOE values are compared with a standard
called minimal MOE which reflects those health-related aspects which are expressed in
quantitative terms (e.g. interspecies extrapolation, adjustment for exposure schedules and
low-risk extrapolation). Formally, the minimal MOE is the product of the selected adjustment
factors.
The adjustment factor for low risk extrapolation is specific for risk assessment of nonthreshold carcinogens. Contrary to the risk assessment for threshold effects, for the nonthreshold effects a dose without effect cannot be derived. Against that background, the low
risk extrapolation factor and, consequently, the minimal MOE aims at a risk level considered
„already to be of very low concern“. This factor expresses the target margin between the high
risk related to the dose descriptor and a very low risk for the population exposed.
Of crucial importance is the decision on the magnitude of this low risk extrapolation factor.
This factor additionally covers elements of risk evaluation, which clearly is of societal
concern. Thus, for this low risk extrapolation factor, policy guidance is needed. There might
be a common understanding that a reference risk for the low dose region might be in the
pragmatic range of a cancer lifetime risk of 10-4 down to 10-6. Different levels may be
suggested as reference risk for different subpopulations. The following conversion of a risk
level to the corresponding factor is given for illustrative purposes: Starting with the dose
descriptor T25 (lifetime cancer risk of 25:100) and assuming a linear dose response down to a
reference risk level of e.g. 10-5 (1:100,000) results in a low risk extrapolation factor of 25,000.
The low risk extrapolation factor, being a function of the policy-driven reference risk level, is
anticipated to have the greatest impact on the minimal MOE.
The concept of the minimal MOE principally is open to modifications of the assumption of a
linear dose-response relationship. If there is scientific evidence indicating deviations from
linearity, e.g. supporting a sublinear dose response at low doses, then this information may be
accounted for by correspondingly decreasing the low-risk extrapolation factor. In
consequence, the minimal MOE will be decreased to the same extent. If a non-linear dose
response is assumed, but available data are not adequate to quantitatively modify the low-risk
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extrapolation factor, then the available information should be qualitatively accounted for
following the comparison of MOEs and the minimal MOE.
Reaching conclusions on the degree of concern for non-threshold carcinogens is supported by
comparison of MOEs with the minimal MOE. The higher the MOE and the lower the minimal
MOE, the lower is the scenario-specific concern for cancer risk.
It is acknowledged that readers of the risk assessment reports have to get accustomed to the
MOE terminology. Comparing the scenario-specific MOEs with the minimalMOE only
indirectly points at a „critical“ exposure level. You easily get the latter health-based yardstick
by rearrangement of the MOE terms: the critical exposure level is calculated by dividing the
selected dose descriptor by the minimal MOE. A scenario-specific exposure level lower than
the critical exposure level results in very low concern; while a scenario-specific exposure
level greater than the critical exposure level is of substantial concern. It is acknowledged that
there is no clear-cut line of decision between „substantial concern“ and „very low concern“.
This background of uncertainty may argue for the MOE terminology. However, for specific
risk communication purposes it might be advantageous to additionally use the terminology of
the critical exposure level.
4.1.3.2.2

Occupational risk assessment

Acute toxicity
Systemic effects (inhalation)
No human data are available concerning the acute inhalation toxicity of 2,4-TDA. Animal
data are rare, too. One of two rabbits died after exposure to a concentration of approximately
17.2 mg/l/4h of a vapour-dust-mixture of 2,4/2,6-isomers (80/20). For mice and rats a LC50
of > 5.57 mg/l/4h was calculated. No animals died at this concentration, but all appeared in a
poor state of general health and exhibited laboured respiration. At a concentration of
approximately 1.8 mg/l/4h no clinical signs were detected (see chap. 4.1.2.2). This
experimental value is selected as NOAEC for the risk assessment of acute inhalation toxicity.
The air concentration of 1,800 mg/m3 is taken as starting point for MOS calculation. The
following assessment factors are applied for the identification of the minimal MOS:
-

the study duration was 4 hours compared to occupational exposure of 8 hours, resulting in
an adaptation factor of 2

-

physiological differences between humans at rest and workers account for a factor of 1.5

-

following a precautionary approach, an uncertainty factor of 10 is proposed, because in
acute studies compared to repeated dose studies less detailed information is obtained
concerning the no effect level.

Altogether the minimal MOS results in 30 (2 x 1.5 x 10). The corresponding critical exposure
level is 60 mg/m3 (1,800 mg/m3 / 30).
The highest inhalation shift average values result from scenario 2 and 3 with 0.025 mg/m3.
The corresponding MOS value lies in the range of 72,000 (see table 4.1.3.2.B). Compared to
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the minimal MOS this value indicates that risks due to acute inhalation toxicity are not
expected under normal workplace conditions.
Conclusion: ii

Systemic effects (dermal)
No human data are available concerning the acute dermal toxicity of 2,4-TDA. In a rat study
with dermal application, a dermal LD50 value of 1,200 mg/kg bw is reported. No further
information is available. From another study with a mixture of 2,4/2,6-isomers (80/20) a
dermal LD50 of 463 mg/kg is reported for female rats, 50 mg/kg are tolerated without
macroscopically visible organ changes. This value is used for dermal risk assessment, taking
the fact into account that a mixture of 80% 2,4-TDA and 20% 2,6-TDA has a similar acute
toxicity profile as pure 2,4-TDA. As starting point for MOS calculation the human dose
corresponding to this dermal NOAEL is identified as 3,500 mg/person (50 mg/kg x 70 kg).
The following assessment factors are applied for the identification of the minimal MOS:
-

metabolic rate scaling from rats to humans reveals a factor of 4

-

according to a precautionary approach an uncertainty factor of 10 is proposed because
acute studies provide less detailed information about the no effect level than repeated dose
studies.

By multiplication of these factors the minimal MOS results in 40 (4 x 10). The corresponding
critical exposure level is calculated at 88 mg/person (3,500 mg/person / 40).
Compared to the minimal MOS the MOS values (see table 4.1.3.2.B) do not indicate any
concern for dermal exposure with respect to acute toxicity of 2,4-TDA.
Conclusion ii

Combined exposure
The above described dermal acute study with the mixture of 2,4/2,6-TDA-isomers (80/20) is
chosen in order to determine the critical exposure level for combined exposure (inhalation and
dermal contact of 2,4-TDA). The reported NOAEL of 50 mg/person corresponds to a human
dose of 3500 mg/person (50 mg/kg x 70 kg). This value resembles the external dose. The
corresponding internal dose corrresponds to 875 mg/person, including the aspect of 25%
dermal absorption. The following assessment factors are applied for the identification of the
minimal MOS:
-

metabolic rate scaling from rats to humans reveals a factor of 4

-

according to a precautionary approach, an uncertainty factor of 10 is proposed because
acute studies provide less detailed information about the no effect level than repeated dose
studies.
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By multiplication of these factors the minimal MOS results in 40 (4 x 10). The corresponding
critical exposure level is 22 mg/person (875 mg/person / 40).
The highest combined internal body burden results from scenario 2 (production of 2,4-TDA
pastilles) with a value of 0.355 mg/person (see table 4.1.3.2.A). The corresponding MOS
value is calculated as 2,500 (see table 4.1.3.2.B). These values indicate no a reason for
concern.
Conclusion ii

Table 4.1.3.2. B:

MOS values for acute toxicity of TDA, systemic effects
Inhalation
3

Dermal

Combined

Starting point for MOS
calculation

1800 mg/m

3500 mg/p/d (external
dose)

875 mg/p/d (internal dose)

Minimal MOS

30

40

40

88 mg/p/d (external dose)

22 mg/p/d (internal dose)

ii

0.045

19,500

ii

2) Production 2,4-TDA
pastilles

0.025

ii

0.42(1)

8,300

ii

0.355

2,500

ii

(1)

72,000

Conclusion

MOS

23,300

Conclusion

0.15(1)

MOS

ii

Exposure (mg/p)

0.0007 2,400,0
5
00

Conclusion

1) Production and
further processing as a
chemical intermediate

MOS

60 mg/m

Exposure (mg/m3)

Critical exposure level

Internal body burden
(mg/p)

3

EASE, use of suitable gloves

Irritation/Corrosivity
Dermal, eye, and inhalative irritation of pure toluene-2,4-diamine
Human data are not available. In Draize tests with rabbits the pure 2,4-TDA did not cause
skin irritation and demonstrated only slight conjunctival redness after instillation to the eye.
The duration (and observation) period for the slight conjunctival irritation caused by 2,4-TDA
was 72 hours. No data are available concerning the inhalation of pure 2,4-TDA. However,
skin and eye irritation studies have been performed. The results show that there is no reason
to expect severe local effects by this application route. In summary it is concluded that the
irritant properties of pure 2,4-TDA are of no concern for the workplace. There is no need for
classification. The current classification as irritant to the eyes (R 36) is not confirmed.
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Conclusion: ii

Dermal and eye irritation of the mixture of 2,4/2,6-isomers (80/20)
In a Draize eye test with 6 rabbits the substance demonstrated severe corrosive properties
when instilled to the eye. However, this study was regarded to be invalid (see chapter
4.1.3.2). Taking into account the result of a former study with rabbits, which noted
pronounced erythema and chemosis after application of 50 mg 2,4-/2,6-TDA (80/20),
reversible within 4 days (Kimmerle and Sonneke, 1971), lead to the conclusion that the
existing classification with R36 should be warranted. Eye contact critically depends on proper
handling of the fluid and the proper use of safety goggles. Even though suitable personal
protective equipment (PPE) should usually be available in the relevant workplaces,
unintended contact by non-proper use may occur. Therefore a risk from eye irritation has to
be considered for the 2,4/2,6-TDA mixture. Based on the labelling with R36, control
measures exist for the 2,4/2,6-TDA mixture. These should be able to minimize the exposure
of the eyes and therefore reduce concern. Therefore conclusion ii is proposed. However, these
control measures must be implemented and complied with. For skin sensitisation no
classification is needed.
Conclusion: ii

Inhalation of the mixture of 2,4/2,6-isomers (80/20)
In rat inhalation studies clinical symptoms indicating obvious severe local damage were not
observed up to a concentration of 83 mg/m3 of the 2,4/2,6-TDA mixture (80/20). However in
cats there were microscopic visible lesions in the lung after exposure to 41.6 mg/m3 for 4
hours daily, 5 days a week for 3 weeks. Such lung effects were not reported at 9.5 mg/m3.
This air concentration is used for preliminary risk assessment and calculation of the MOS
value.
A factor of 10 might be applied in the assessment to account for uncertainties.The minimal
MOS would thus result as 10, the corresponding critical air concentration would lie in the
range of 1 mg/m3 (9.5 mg/m3 / 10).
The highest inhalation exposure values result from scenario 2 and 3 with 0,025 mg/m3, the
MOS is calculated as 360 (9.5 / 0,025). This value does not provide reasons for concern with
respect of irritating properties acting on the airways in the case of exposure to a mixture of
2,4/2,6-isomers (80/20) under normal workplace conditions.
Conclusion: ii
Sensitisation
Dermal
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Animal skin tests reveal sensitising properties for 2,4-TDA. In addition, a high rate (67.5%)
of cross sensitisation to 2,4-TDA was reported from patch tests, performed on patients who
were hypersensitive to p-phenylenediamine.
Considerations about skin sensitisation are connected with the assumption that a possible
threshold lies at low, but unknown doses. Because of extensive technical and organisational
risk reduction measures dermal exposure, and thus the risk of skin sensitisation, is considered
to be small. However, because the corresponding risk cannot be quantified or excluded, there
is a general concern for skin sensitisation.
Conclusion: iii
Inhalation
No information on respiratory sensitisation is available. Although 2,4-TDA has demonstrated
a sensitising potential in skin tests it is not suspected of being a potent respiratory sensitiser in
humans. In view of the fact that, during all the years of use, no knowledge of specific case
reports have been reported, respiratory sensitisation after the inhalative exposure of workers
to 2,4-TDA is not expected.
Conclusion: ii
Repeated dose toxicity
Local effects (inhalation, dermal):
A 6% solution of 2,4-TDA, with doses of approximately 75 mg/kg/week, was nontoxic to the
skin of mice in a 2-year mouse-skin-painting study (see chap. 4.1.2.8). For additional
information, see chapter Irritation. The current classification as irritant, R 36 is not confirmed.
In summary: under normal workplace conditions, the available data do not indicate a special
risk for local effects triggered by long-term exposure.
Conclusion: ii

Systemic effects by inhalation
Several studies with repeated application, mainly by the oral route, have been performed in
mice and rats. The primary target organ after short- and long-term dietary exposure of 2,4TDA is the liver: 2,4-TDA damages hepatocytes, leading to cellular necrosis and cirrhosis. In
addition, 2,4-TDA is able to accelerate the development of chronic renal disease and to
damage the male reproductive system.
No valid inhalation data are available for the assessment of the repeated inhalative toxicity of
2,4-TDA. Preliminary information on inhalation toxicity of the 2,4/2,6-TDA mixture (80/20)
comes from a 28-day inhalation study, conducted by Kimmerle and Solmecke (1971). The
data presented are in summary form. No details are available for lists of examined parameters,
histopathologic examinations, and measuring instruments. Therefore, results of these studies
are used as preliminary information. 20 male Wistar rats were exposed to the mixture of the
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isomers 2,4/2,6-TDA (80/20) that was vaporized at 100°C, 4 hours a day, 5 times a week, for
4 weeks (whole body exposure). At an average air concentration of 83 mg/m3 (approx.
9 mg/kg/day see chapter 4.1.2.6), exposed rats showed reduced body weight gain, and an
increase in the relative weight of the liver, kidneys, and thyroid glands. At 9.5 mg/m3 (approx.
1 mg/kg/day see chapter 4.1.2.6) no signs of changes compared to the controls were observed.
The study which is judged to serve as the key study for risk assessment concerning inhalative
repeated dose toxicity is a 2-year oral gavage carcinogenicity study in rats and mice (NCI,
1979). In this oral study, F344 rats and B6C3F1 mice (50 animals/sex/dose) were
administered average doses of 0, 5.9 and 13 mg/kg/day 2,4-TDA (rats) and 0, 15 and
30 mg/kg/day) 2,4-TDA (mice). The dose of 5.9 mg/kg/day, identified as the LOAEL,
revealed hepato- and nephrotoxic effects (nonneoplastic morphologic alterations of different
severity) and a number of different tumours (liver, mammary gland, hematopoietic system,
lung and subcutis) in rats. A NOAEL was not determined. The observed tumours were not
taken into account in the assessment of repeated dose toxicity (this point is discussed in detail
in the carcinogenicity chapter). The LOAEL of 5.9 mg/kg/day will be used, to assess the
inhalative risks of repeated exposure of 2,4-TDA.
As starting point for MOS calculation the corresponding internal human dose is identified as
413 mg/person/day (5.9 mg/kg/day x 70 kg). Expressed as airborne concentration, the starting
point is 41 mg/m3 (413 mg/person/day / 10 m3/day). The following assessment factors are
applied for the identification of the minimal MOS:
-

adaptation of scenarios (experimental 7 days/week to 5 days/week for workers) reveals a
factor of 5/7

-

to extrapolate from the LOAEL to the NAEL a standard assessment factor of 3 (ECETOC,
1995) seems to be fairly small with respect to the high incidences and severe nature of
effects at the dose level of 5.9 mg/kg/day (see chapter 4.1.2.6). Therefore an extrapolation
factor of 6 is used in the risk assessment.

-

metabolic rate scaling from rat to human uses a factor of 4

-

main short-comings result from the fact that the most relevant studies used the oral
application route and a NOAEL was not detected in the experiment. An uncertainty factor
of 5 seems adequate to account for these aspects.

The multiplication of these factors produces a minimal MOS of 86 (5/7 x 6 x 4 x 5). The
corresponding critical exposure level calculates to 0.5 mg/m3 for inhalation (41 mg/m3 / 86).
The MOS values (see table 4.1.3.2.C) do not indicate any concern for inhalation with respect
to repeated dose toxicity of 2,4-TDA.
Conclusion ii
Systemic effects by dermal contact, combined exposure
Preliminary information on dermal effects results from a 2-year subcutanous injection test on
Sprague-Dawley rats with the isomer mixture 2,4-/2,6-TDA (80/20) which will be used for
plausibility considerations. It has to be kept in mind that the study overcomes dermal
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absorption by subcutaneous application. At 8.33 mg/kg/week, 8/30 animals showed focal
necrosis of hepatocytes and/or single cirrhosis in the liver.
Likewise for repeated inhalation, the toxicity of 2,4-TDA after repeated dermal and combined
exposure will be assessed by taking the 2-year oral gavage study from NCI (see above). The
LOAEL of 5.9 mg/kg, revealing hepato- and nephrotoxic effects in rats, will be used to assess
dermal and combined risks after repeated exposure.
The starting point for MOS calculation is identified as 413 mg/person/day (5.9 mg/kg/day x
70 kg). Expressed as dermal dose (external value) it calculates to 1,650 mg/person
(413 mg/kg/day x 4), taking 25% dermal absorption into consideration. With the minimal
MOS of 86 (derivation see systemic effects by inhalation) the corresponding critical exposure
levels are calculated as 19 mg/person/day for the assessment of the external dose for skin
contact (1,650 mg/person/day / 86), and 5 mg/person/day as the internal dose for evaluation
of combined exposure (413 mg/person/day / 86).
The MOS values (see table 4.1.3.2.C) do not indicate any concern for dermal and combined
exposure with respect to repeated dose toxicity of 2,4-TDA.
Conclusion: ii

Table 4.1.3.2.C:

MOS values for repeated dose toxicity of TDA, systemic effects
Dermal

Combined

Starting point for MOS
calculation

41 mg/m3

1650 mg/p/d (external
dose)

413 mg/p/d (internal
dose)

Minimal MOS

86

86

86

19 mg/p/d (external
dose)

5 mg/p/d (internal dose)

MOS

0.15(1) 11,000

ii

0.045

9,200

ii

Conclusion

Internal body
burden (mg/p)

ii

MOS

0.00075 54,700

Conclusion

1) Production and further
processing as a chemical
intermediate

MOS

0.5 mg/m

Exposure
(mg/m3)

Critical exposure level

Conclusion

3

Exposure (mg/p)

Inhalation

2) Production 2,4-TDA
pastilles

0.025

1600

ii

0.42(1)

3900

ii

0.355

1,200

ii

3) Use of 2,4-TDA pastilles
for the production of dyes

0.025

1,600

ii

0.42(1)

3,900

ii

0.355

1,200

ii

(1)

EASE, use of suitable gloves

Mutagenicity
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In vitro studies demonstrate a significant mutagenic potential of 2,4-TDA, which is only
weakly expressed in standard tests in vivo. However, genotoxic effects in vivo are reported by
several indicator tests.
Only limited experimental data are available for an assessment of heritable genetic damage in
germ cells of humans. Negative results were found in dominant lethal and sperm morphology
tests; however, due to low sensitivity these findings are not adequate for exclusion of germ
cell mutagenesis. There is some indication for effects on the testes from a non-standard assay
measuring the reduction of murine testicular DNA synthesis after 2,4-TDA. In summary: it
cannot be excluded that 2,4-TDA has genetic effects on germ cells.
Since the nature of the effect in general is considered to be severe, there is reason for concern
in connection with all exposure scenarios, even those that only occur occasionally. Available
data do not allow for a quantitative risk assessment. However, when discussing the need and
priority of further risk reduction activities, the evaluation of 2,4-TDA cancer risk is proposed
to be taken into consideration.
Conclusion: iii for somatic cell mutagenicity
Conclusion: i (on hold) for germ cell mutagenicity
Carcinogenicity
Several studies in mice and rats with 2,4-TDA clearly indicate that 2,4-TDA is carcinogenic.
The target organs include liver, mammary gland, hematopoietic system, lung and subcutis,
indicating that 2,4-TDA is a multipotent animal carcinogen. Studies mainly used dietary
application. However, studies of limited validity with skin painting and subcutaneous
injection are also available which likewise demonstrate a carcinogenic potential of 2,4-TDA
at different sites. Information from inhalation studies support the idea that 2,4-TDA is easily
taken up by inhalation and, to a limited extent, by dermal application - thereby causing
systemic cancer risks. Occupational risk assessment will rely on the results of the 2-year oral
gavage study from NCI (see above).
With reference to chap. 4.1.2.7 2,4-TDA has a mutagenic potential. The assumption is that the
genotoxicity is responsible for tumour initiation and development. Thus as a plausible mode
of action a non-threshold mechanism is presumed.
To describe the tumour-risks of 2,4-TDA the minimal MOE-concept is used (for explanation
of this method see chapter 4.1.3.2.1). T25-values for different tumour types are calculated and
shown in table 4.1.3.2.D. In the case of this study 2 mg/kg/day (dose where 25% of the female
rats develop tumours of the mammary gland) and 14 mg/kg/day (dose where 25% of the male
rats develop liver tumours) are chosen for further risk considerations. The reason for not
taking only the lowest value forward but also the T25 value of the male liver tumours is the
uncertainty about the biological relevance of the mammary gland tumours. Therefore for both
values (for mammary gland and liver tumours) a MOE calculation will be done.
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Table 4.1.3.2.D:
Study
design
Rat, diet
103 wk,
7d/wk

Tumour incidences and calculation of T25 in rats and mice (NCI 1979)

Dose mg/kg/d Tumour incidence(1)
0

liver(m)
liver(f)
mammary gland(f)

0/20
0/20
1/20

liver(m)

5/49

liver(f)

0/50

mammary gland(f)

38/50

2(4)

liver(m)
liver(f)
mammary gland(f)

10/50
6/49
42/50

17

liver carc., (m)
liver carc., (f)
lymphoma(f)
lung carc., (m)
hematopoietic system(m)
hematopoietic system(f)

5/20
0/19
2/19
0/20
2/20
2/19

15

liver carc., (m)
liver carc., (f)
lymphoma(f)
lung carc., (m)
hematopoietic system(m)
hematopoietic system(f)

17/50
13/47
29/47
9/50
15/50
29/47

30

liver carc., (m)
liver carc., (f)
lymphoma(f)
lung carc., (m)
hematopoietic system(m)
hematopoietic system(f)

13/49
18/46
11/46
6/49
8/49
1/46

5.9(3)

13(3)

Mouse,
diet
103 wk,
7d/wk

T25(2)
Nonneoplastic
mg/kg/d effects (selected)

0

14

40
13
7
21
18
7

Dose dependent
effects:
- reduced body
weight gain
- decreased survival
time
- chronic renal
disease
- liver lesions

Dose dependent
effect:
- reduced body
weight gain

(1)

Only tumours with high incidences reported here; incidences summarise malign and benign neoplasms with
the exception of mice liver and lung tumours which are carcinomas.

(2)

T25 = daily dose level (corrected for duration of experiment vs standard life span) x 25% x (net tumour
incidence in %)-1, for details see Dybing et al., 1997

(3)

Doses had to be reduced from initially 9 and 18 mg/kg/d in diet to 3.7 and 7.4 mg/kg/d respectively because
of excessive depression of mean body weight gain after 40 weeks of study, for details see chap. 4.1.2.8,
values given represent the calculated average daily intake.

(4)

Calculation of the 2 mg/kg/day is: 5.9 mg/kg/d (no correction for duration of experiment vs. standard life
span was necessary) x 25% / 75%. The 75% value is the result of the observed tumour incidence of 38 from
50 animals corrected by the factor for spontaneous tumour incidence (1 in 20 animals).
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The corresponding starting points of the T25-value of 2 mg/kg/day, derived from the
mammary gland tumours of the female rats and the T25-value of 14 mg/kg/day from the liver
tumours of the male rats are 140 mg/person/day (2 mg/kg x 70 kg), and 980 mg/person/day
(14 mg/kg x 70 kg). Expressed as airborne concentration the starting points are 14 mg/m3
(140 mg/person/day / 10 m3/day) and 98 mg/m3 (980 mg/person/day / 10 m3/day). The
corresponding dermal doses (external value) calculate to 560 mg/person/day (140
mg/person/day x 4) and 3,920 mg/person/day (980 mg/person/day x 4) including the aspect of
25% dermal absorption.
The following assessment factors are applied for the identification of the minimal MOE:
-

metabolic rate scaling from rat to human uses a factor of 4

-

a factor of 25,000 is applied to the T25 for risk extrapolation from high to low doses
(probability for cancer lifetime risk of 10-5 as reference value, see also chapter 4.1.3.2.1
Introducory remarks, MOE approach).

-

the correction factor for “standard life span humans” versus duration of exposure at work
is 1/2.84 (40y x 48w x 5d) / (75y x 52w x 7d), constants taken from DECOS (1995).

Multiplication of these factors gives the minimal MOE of 35,200 (4 x 25,000 / 2.84).
The corresponding critical exposure level for mammary gland tumours would calculate to
0.0004 mg/m3 for inhalation (14 mg/m3 / 35,200), 0.02 mg/person/day as external dose for
skin contact (560 mg/person/day / 35,200) and 0.004 mg/person/day as internal dose for the
evaluation of combined exposure (140 mg/person/day / 35,200).
If the liver tumours would be the basis for calculation the corresponding critical exposure
level would be higher by the factor of 7 compared with the mammary gland tumours:
0.003 mg/m3 for inhalation (98 mg/m3 / 35,200), 0.11 mg/person/day as external dose for skin
contact (3,920 mg/person/day / 35,200) and 0.03 mg/person/day as internal dose for the
evaluation of combined exposure (980 mg/person/day / 35,200).
The following three tables 4.1.3.2.E, 4.1.3.2.F, and 4.1.3.2.G present the specific data relevant
for the carcinogenicity risk characterisation with the minmal MOE-concept. It should be
noticed that these tables use a minimal MOE which is equivalent to a cancer lifetime risk of
1 : 100,000 and furthermore allow for a comparison between two types of tumours (mammary
gland and liver tumours). For 2,4-TDA related carcinogenicity there is the general conclusion
iii for all scenarios, because of the genotoxic properties of 2,4-TDA. This conclusion iii will
be modified in “concern” (MOE significantly lower than the minimal MOE), “borderline
situation” (MOE in the range of the minimal MOE, with a deviation of a factor of about 2),
and “very low concern” (MOE significantly higher than the minimal MOE).
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Table 4.1.3.2.E: MOE values after inhalative exposure of 2.4-TDA
Mammary gland tumours
Starting point for MOE
calculation

14 mg/m

Minimal MOE

35,200

98 mg/m3
35,200
3

0.003 mg/m3

18,700

borderline(1)

0.00075

130,700

very low
concern(1)

2) Production 2,4-TDA
pastilles (4 weeks/year)

0.025(2)

5,600(2)

concern(2)

0.025(2)

39,200(2)

borderline(2)

3) Use of 2,4-TDA pastilles for
the production of dyes (not
daily)

0.025(3)

>560(3)

concern(3)

0.025(3)

>3,920(3)

concern(3)

MOE

Conclusion

0.00075

Conclusion

1) Production and further
processing as a chemical
intermediate (daily)

Exposure (mg/m3)

MOE

0.0004 mg/m

Exposure (mg/m3)

Critical exposure level

Liver tumours

3

(1)

Borderline situation is reached, if the main focus is set on the results of the mammary gland tumours. By
looking to the liver tumours, the result of the risk assessment is less critical by the factor of 7 and reaches the
very low concern.
(2)
The frequency of exposure at scenario 2 is limited to 4 weeks a year (see also chapter 4.1.1.2). To account for
this aspect of a reduced annual dose, the MOE values in scenario 2 are multiplied with the factor 10. Concern is
reached, if the main focus is set on the results of the mammary gland tumours. By looking to the liver tumours,
the result of the risk assessment is less critical by the factor of 7 and reaches borderline situation.
(3)
The frequency of exposure at scenario 3 is not daily (see also chapter 4.1.1.2). To account for this aspect of a
reduced annual dose, which however cannot be further specified, the MOE values in scenario 3 are marked with
a > symbol. Concern is reached, if the main focus is set on the results of the mammary gland tumours. By
looking to the liver tumours, the result of the risk assessment is less critical by the factor of 7 but reaches
nevertheless concern.
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Table 4.1.3.2.F: MOE values after dermal contact to 2.4-TDA

3,920 mg/p/d (external dose)

Minimal MOE

35,200

35,200

Critical exposure level

0.02 mg/p/d (external dose)

0.11 mg/p/d (external dose)

1) Production and further
processing as a chemical
intermediate (daily)

0.15

3,700

concern(1)

0.15

26,000

borderline(1)

2) Production 2,4-TDA
pastilles (4 weeks/year)

0.42

13,300(2)

concern(2)

0.42

93,000(2)

very low
concern(2)

3) Use of 2,4-TDA pastilles
for the production of dyes
(not daily)

0.42

>1,330(3)

concern(3)

0.42

>9,300(3)

borderline(3)

MOE

Conclusion

Conclusion

560 mg/p/d (external dose)

MOE

Starting point for MOE
calculation

Exposure (mg/p)

Liver tumours

Exposure (mg/p)

Mammary gland tumours

(1)

Concern is reached, if the main focus is set on the results of the mammary gland tumours. By looking to the
liver tumours, the result of the risk assessment is less critical by the factor of 7 and reaches borderline.
(2)
The frequency of exposure at scenario 2 is limited to 4 weeks a year (see also chapter 4.1.1.2). To account for
this aspect of a reduced annual dose, the MOE values in scenario 2 are multiplied with the factor of 10. Concern
is reached, if the main focus is set on the results of the mammary gland tumours. By looking to the liver
tumours, the result of the risk assessment is less critical by the factor of 7 and reaches very low concern.
(3)
The frequency of exposure at scenario 3 is not daily (see also chapter 4.1.1.2). To account for this aspect of a
reduced annual dose, which however cannot be further specified, the MOE values in scenario 3 are marked with
a > symbol. Concern is reached, if the main focus is set on the results of the mammary gland tumours. By
looking to the liver tumours, the result of the risk assessment is less critical by the factor of 7 and reaches
borderline.
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Table 4.1.3.2.G: MOE values after combined dermal and inhalative contact of 2.4-TDA
Mammary gland tumours

Liver tumours

Minimal MOE

35,200

35,200

Critical exposure level

0.004 mg/p/d (internal dose(1))

0.03 mg/p/d (internal dose(1))

0.045(1)

3,100

concern(2)

0.045(1)

2,200

concern(2)

2) Production 2,4-TDA
pastilles (4 weeks/year)

0.355(1)

3,900

concern(2)

0.355(1)

27,600

borderline(2)

3) Use of 2,4-TDA pastilles for
the production of dyes (not
daily)

0.355(1)

>390

concern(2)

0.3 (1)

>3300

concern(2)

Conclusion

1) Production and further
processing as a chemical
intermediate (daily)

MOE

Conclusion

980 mg/p/d (internal dose(1))

MOE

140 mg/p/d (internal dose )

Internal body
burden (mg/p)

Starting point for MOE
calculation

Internal body
burden (mg/p)

(1)

(1)

The values of the internal body burden include an inhalative and a dermal part. For the calculation of the
combined risks of 2,4-TDA the values for the inhalative and dermal part are taken from tables 4.1.3.2.E and
4.1.3.2.F. It has to be kept in mind that the fraction of the dermal internal value is 1/4 from the dermal exposure
value, because the dermal adsorption is 25%.
(2)
Depending on which tumour type the assessment is based on, the conclusions range between concern and a
borderline situation. Concern is reached, if the main focus is set on the results of the mammary gland tumours.
By looking to the liver tumours, the result of the risk assessment is less critical by the factor of 7 and reaches the
borderline situation in scenario 2 (for considerations revealing the calculations for scenario 2 and 3 see also the
tables above).

As outlined in the chapter on occupational exposure, extensive technical and organisational
risk reduction measures have already resulted in very low levels of exposure (by dermal
contact and inhalation). In order to translate this technical information of very low exposure
into terms of risk, for 2,4-TDA a quantitative risk assessment approach was performed (see
tables before).
Although this minimal MOE of 35,200 was generally tolerated, there was no formal decision
as to this minimal MOE, in particular because such a formal decision is beyond the
competency of the TC NES. The specification of a minimal MOE, which means risk
evaluation, needs policy guidance; subject to risk acceptance different minimal MOE values
might be chosen.
Based on the most sensitive type of tumours (the mammary gland tumours), tables 4.1.3.2.H
and 4.1.3.2.I additionally present the conclusions for higher and lower minimal MOE values.
Compared to the chosen minimal MOE of 35,200, a 10 times higher minimal MOE of
352,000 is equivalent to a chosen risk level of 1 : 1,000,000; a 10 times lower minimal MOE
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of 3,520 is equivalent to a chosen risk level of 1 : 10,000. These relationships are only valid
for the assumption of low-dose linearity.

Table 4.1.3.2.H: Conclusions for inhalation exposure (mammary gland tumours and different
MOE values)
Exposure
in mg/m³

Minimal MOE
of 352,000

Minimal MOE*
of 35,200

Minimal MOE
of 3,520

0.00075

concern

borderline

very low
concern

2) Production 2,4-TDA pastilles (4
weeks/year)

0.025

concern

concern

borderline

3) Use of 2,4-TDA pastilles for the
production of dyes (not daily)

0.025

concern

concern

between very
low concern and
borderline

1) Production and further processing
as a chemical intermediate (daily)

*This minimal MOE is used in the tables above and is equivalent to a cancer risk level of 1 : 100,000

Table 4.1.3.2.I: Conclusions for dermal exposure (mammary gland tumours and different
MOE values)
Exposure
in mg/p/d

Minimal MOE
of 352,000

Minimal MOE*
of 35,200

Minimal MOE
of 3,520

1) Production and further processing
as a chemical intermediate (daily)

0.15

concern

concern

borderline

2) Production 2,4-TDA pastilles (4
weeks/year)

0.42

concern

concern

very low
concern

3) Use of 2,4-TDA pastilles for the
production of dyes (not daily)

0.42

concern

concern

between
borderline and
concern

*This minimal MOE is used in the tables above and is equivalent to a cancer risk level of 1 : 100,000

It is evident from these tables (table 4.1.3.2.H and 4.1.3.2.I) that the specific conclusions for
the different occupational exposure scenarios critically depend on the chosen level of risk
acceptance. This comparison may be helpful for risk managers in order to evaluate the
necessity and priority of further risk reduction measures beyond those that has already been
successfully implemented.
Conclusion: iii
Reproductive toxicity
Fertility impairment
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Information from dermal or inhalation studies is not available, the limited human data are not
judged to be suitable for matters of risk assessment (chap. 4.1.2.9). However, a sufficient
picture of the fertility effects of 2,4-TDA on male rats can be derived from a series of feeding
studies in rats though the design of the studies does not meet guideline requirements:
In a one-generation study, a daily intake of 50 mg/kg for several weeks resulted in total
reproductive failure of the male rats, at 15 mg/kg/day mating and fertility indices were
significantly reduced, down to a level of 50%. Pathologic investigation showed arrested
spermatogenesis associated with a significant reduction in the weight of seminal vesicles and
epididymis, morphological damage to the Sertoli cells and altered hormone levels. A dose of
5 mg/kg/day showed no histopathological changes (chap. 4.1.2.6). However, even at this dose
level, diminished sperm reserves were still detected (chap. 4.1.2.9). For men this effect might
be of higher significance for fertility impairment than for rats due to species differences in
reserve sperm pools. Thus, in summary, a dietary dose in rats of 5 mg/kg/d for several weeks
is assumed to be the LOAEL for male fertility. There are no data of dose- related impairment
of female fertility.
The LOAEL of 5 mg/kg/day will be used for risk assessment. The corresponding starting
point for MOS calculation is identified as 350 mg/person/day (5 mg/kg/day x 70 kg).
Including the aspect of 25% dermal absorption the corresponding dermal dose (external
value) is calculated as 1,400 mg/person/day (350 mg/person/day x 4). Expressed as air
concentration the starting point is 35 mg/m3 (350 mg/person/day / 10 m3/day).
The following assessment factors are applied for the identification of the minimal MOS:
-

a default value of 3 (according to ECETOC, 1995) is applied at the LOAEL because a
NOAEL cannot be derived from the dose-response-relationship

-

metabolic rate scaling from rat to human uses a factor of 4

-

fertility impairment in general is evaluated to be a severe adverse effect. In addition, the
slope of the dose-response curve is steep: little dose deviations (from 5 to 15 mg/kg/day)
had significant effects on fertility (from 100% to 50%). Therefore a precautionary
approach appears indicated. A factor of 10 is selected for uncertainty considerations.

Multiplication of these factors produces the minimal MOS of 120 (3 x 4 x 10). The
corresponding critical exposure levels are calculated as to 0.3 mg/m3 for inhalation (35 mg/m3
/ 120), 12 mg/person/day as external dose for skin contact (1,400 mg/person/day / 120) and
3 mg/person/day as internal dose for evaluation of combined exposure (350 mg/person/day /
120).
With respect to fertility impairment there is no concern after inhalation dermal contact and
combined exposure of 2,4-TDA at the above described workplaces (see table 4.1.3.2.J).
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Table 4.1.3.2.J: MOS values for male workers concerning fertility
Inhalation

350 mg/p/d (internal
dose)

Minimal MOS

120

120

120

Critical exposure level

0.3 mg/m3

12 mg/p/d (external dose)

3 mg/p/d (internal dose)

MOS

Exposure
(mg/p/d)

MOS

1) Production and
further processing as a
chemical intermediate

0.00075

46,700

ii

0.15(1)

9,300

ii

0.045

7,800

ii

2) Production 2,4-TDA
pastilles

0.025

1,400

ii

0.42(1)

3,300

ii

0.355

1,000

ii

3) Use of 2,4-TDA
pastilles for the
production of dyes

0.025

1,400

ii

0.42(1)

3,300

ii

0.355

1,200

ii

(1)

Conclusion

1,400 mg/p/d (external
dose)

Conclusion

35 mg/m

Exposure
(mg/m3)

Starting point for MOS
calculation

Exposure
(mg/p/d)

Combined

Conclusion

Dermal

MOS

3

EASE, use of suitable gloves

Conclusion: ii
Developmental toxicity
Relieable data concerning developmental toxicity are at present not available. According to
the revised TGD the results of reproductive toxicity testing of germ cell mutagens (Category
1 or 2) and genotoxic carcinogens (Category 3 mutagens and Category 1 or 2 carcinogens) are
unlikely to influence the outcome of the risk assessment. This is because the risk
characterisation for such substances will be based on the assumption that a threshold exposure
level for adverse health effects cannot be identified, which will normally lead to a
recommendation for the most stringent risk management measures. Therefore, reproductive
testing will not normally be required for germ cell mutagens and genotoxic carcinogens,
unless there are case-specific reasons to indicate that the information gained from testing will
be needed for the risk characterisation. Germ cell mutagens and genotoxic carcinogens not
tested for reproductive toxicity should be regarded as potentially toxic to reproduction.
Conclusion: i (on hold)
4.1.3.2.3

Summary of conclusions for the occupational risk assessment of 2,4-TDA

As result of the occupational risk assessment for 2,4-TDA, concern is risen for specified
toxicological endpoints (table 4.1.3.2.I).
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Table 4.1.3.2.K Endpoint-specific overall conclusions for the occupational risk assessment of
2,4-TDA
concern for at least one
scenario

Toxicological endpoints
inhalation
Acute toxicity

dermal
combined
dermal

Irritation/ Corrosivity

eye
acute respiratory tract

Sensitisation

skin

iii

respiratory
inhalation, local
inhalation, systemic
Repeated dose toxicity

dermal, local
dermal, systemic
combined, systemic

Mutagenicity

for somatic cells
for germ cells

Carcinogenicity

iii
i (on hold)

inhalation

iii

dermal

iii
iii(1)

combined
inhalation
Fertility impairment

dermal
combined

Developmental toxicity

1)
2)

inhalation

i (on hold)

dermal

i (on hold)

combined

i (on hold)

conclusion iii already results from inhalative and dermal exposure
blank fields: conclusion ii

Tables 4.1.3.2.L and 4.1.3.2.M show the critical exposure levels for inhalation and dermal
contact as identified in the report and used for decisions. These tables try to visualize the risk
profile of 2,4-TDA for inhalation and dermal contact. The risk situations (defined by exposure
scenario and the critical exposure level for a specific toxicological endpoint) are arranged in
such a way, that the “high risk” situations principally are located in the left upper corner of
the table, whereas the “low” risk situations are located in the lower right area of the table
(grey areas for conclusion iii “concern” and conclusion iii “borderline situation”). This typ of
table may help to reach consistent conclusions for different endpoints and scenarios. Because
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a critical exposure level could not be identified for mutagenicity and skin sensitisation, these
endpoints are not included in the tables.

Table 4.1.3.2.L: Ranking of the critical exposure levels for 2,4-TDA with respect to
inhalative exposure at the workplace

Exposure scenario

Exposure
level in
mg/m3

Carcinog.
mammary
gland
tumours
minMOE:
352,000

Carcinog.
mammary
gland
tumours
minMOE:
35,200

Carcinog. Fertility
mammary
gland
tumours
minMOE:
3,520

Repeated
dose
toxicity

Acute
toxicity

Critical exposure level in mg/m3

2) Production of 2,4-TDA
pastilles (4 weeks/year)
3) Use of 2,4-TDA
pastilles for the production
of dyes (not daily)

1) Production and further
processing as a chemical
intermediate
(1)
(2)

0.025(1)

0.00004

0.0004

0.004

concern

concern

borderline

0.42

concern

concern

between
very low
concern
and
borderline

0.0075

concern

borderline

very low
concern

0.3

0.5

60

reduced values are taken (see table 4.1.3.2.E)
blank fields: conclusion ii

Table 4.1.3.2.M: Ranking of the critical exposure levels for 2,4-TDA with respect to dermal
exposure at the workplace

Exposure scenario

Exposure
level in
mg/p/d

Carcinog.
mammary
gland
tumours
minMOE:
352,000

Carcinog.
mammary
gland
tumours
minMOE:
35,200

Carcinog. Fertility
mammary
gland
tumours
minMOE:
3,520

Repeated
dose
toxicity

Acute
toxicity

Critical exposure level in mg/p/d
0.002
3) Use of 2,4-TDA
pastilles for the production
of dyes (not daily)
1) Production and further
processing as a chemical
intermediate

0.02

0.2

0.2

concern

concern

between
borderline
and
concern

0.15

concern

concern

borderline
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2) Production of 2,4-TDA
pastilles (4 weeks/year)
(1)
(2)

0.42(1)

concern

concern

very low
concern

reduced values are taken (see table 4.1.3.2.F)
blank fields: conclusion ii

Concern is risen as the result of the occupational risk assessment for 2,4-TDA. The
toxicological endpoints which lead to concern are carcinogenicity in combination with
mutagenicity (classification as category 2 carcinogen) and the dermal sensitisation. For the
skin sensitisation the corresponding risks are considered to be small, because of extensive
technical and organisational dermal risk reduction measures. However, because the
corresponding risk cannot be quantified or excluded, a general concern for skin sensitisation
is expressed.
For 2,4-TDA-related carcinogenicity there is a general conclusion iii for all three
occupational exposure scenarios. As outlined in the chapter on occupational exposure,
extensive technical and organisational risk reduction measures have already resulted in very
low levels of exposure (dermal and inhalative). In order to translate this technical information
of low exposure into terms of risk, for 2,4-TDA a quantitative risk assessment approach was
performed (for detailed explanation see chapter carcinogenicity). Additionally a risk
evaluation for this endpoint was done by calculating with different levels of risk acceptance.
The specific conclusions for the different occupational exposure scenarios critically depend
on the chosen level of risk acceptance. This comparison may be helpful for risk managers in
order to evaluate the necessity and priority of further risk reduction measures beyond those
that has already been successfully implemented.
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4.1.3.3

Consumers

Since a consumer exposure seems not to exist, a health risk of consumers regarding Acute
toxicity, Irritation, Corrosivity, Sensitization, Repeated dose toxicity, Mutagenicity,
Carcinogenicity, and Reproductive toxicity is not expected.
Conclusion ii)
There is at present no need for further information and/or testing and for risk reduction
measures beyond those which are being applied already.
4.1.3.4

Man exposed indirectly via the environment

Indirect exposure via the environment is calculated using data for oral intake via food (fish)
and drinking water. Following the local scenario data (at a point source, cf. 4.1.1.4) a total
daily intake of total TDA for humans of 0.026 µg/kg bw/d is calculated. Calculations for the
regional scenario resulted in a total daily dose of 2.6 x 10-7 mg/kg bw/d.
Repeated dose toxicity
A NOAEL has not been established; the LOAEL of 5.9 mg/kg bw/day (time-weighted
average dose) was derived from a 2-year rat study on 2,4-TDA (NCI 1979). This study
represents the lowest effect level at which relevant toxic effects were observed. At this dosage
there was a decreased survival rate, a clear delay in body weight gain, lesions of the liver and
kidneys as well as tumors in the liver in high incidences. This long term study was considered
to be the most appropriate one for risk assessment although the study did not include
haematology and clinical chemisty parameters.
Other repeated dose toxicity studies of 2,4-TDA using medium-term treatment periods were
able to identify a NOAEL. Some of them were not in full compliance with the current test
guidelines, and have been focused on selected parameters. After subchronic administration
the NOAEL in a limited study was 250 ppm (approx. 19 mg/kg bw/day) in rats and 100 ppm
(approx. 15 mg/kg bw/day) in mice (7-week study, NCI 1979). The treatment of rats with 300
ppm (approx. 15 mg/kg bw/day) for 10 weeks resulted in a toxic effect on spermatogenesis
due to an adverse effect on Sertoli cell cytostructure. No alterations in Sertoli cell
ultrastructure were reported at 100 ppm (approx. 5 mg/kg bw/day), however, first effects on
epididymal sperm reserves were shown (Thysen et al. 1985a).
In the following text the data base on repeated dose toxicity of 2,4-TDA is considered to
explain the conclusion about the appropriateness of the MOS for this endpoint.
- overall confidence in the database
The data taken into account for performing the risk characterization have been evaluated with
regard to their reliability, relevance and completeness according to section 3.2 of the TGD.
The data were published in peer reviewed journals or submitted to the Competent Authority
in private reports being adequately detailed and in accordance with internationally recognized
guidelines and to GLP.
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The findings of all studies are not contradictory so that the judgment can be based on the
database (cf. sections 4.1.2.6 and 4.1.2.8).
There are no reasons to assume limited confidence.
-

uncertainty arising from the variability in the experimental data

The studies cited above allow to conclude on the LOAEL of severe toxicity from on rats and
mice. The main findings of the other studies which are not in full compliance to current test
guidelines showed good consistency.
There are no reasons to assume a special extent of uncertainty which have to be taken into
account.
- intra- and interspecies variation
Comparing the effect levels for nonneoplastic lesions no clear sex preference seems to exist.
Data on kinetics of the substance do not allow to calculate the intraspecies and interspecies
variability by applying modern approaches. However, the available data give no hint on a
particular high variability in kinetics. The variability of the data on the toxicodynamics has
been described above and has been considered not to justify an increased MOS. For
establishing the MOS, the LOAEL of the most sensitive animal study (rats) has been used.
- the nature and severity of the effect
The carcinogenic action of 2,4-TDA in rats and mice is proven. However, there are no data on
carcinogenicity in humans.
The effects described in rats as „observed adverse effects“ are decreased survival rate, a clear
delay in body weight gain, lesions of the liver and kidneys as well as tumors in the liver in
high incidences. These effects have to be considered to be severe health effects.
There are no reasons to assume that the non-carcinogenic effects shown in the animal
experiments are limited to the species tested, thus being not of relevance for humans.
Therefore there is concern, which has to be expressed in the magnitude of the MOS.
- differences in exposure (route, duration, frequency and pattern)
The estimated total body burden with an assumed absorption of 100% is compared with an
oral LOAEL from a 2-year study.
There are no reasons to assume that special concern can be derived from this procedure.
- the human population to which the quantitative and/or qualitative information on exposure
applies
Following the exposure scenario there is no reason to assume a special risk for elderly or
children.
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- other factors
There are no other factors known requiring a peculiar margin of safety.

MOS for the exposure scenario:
Man exposed indirectly via the environment
Local scenario
The total daily intake was calculated to be 0.000026 mg/kg bw/d. The margin of safety
between the
exposure level of

0.000026 mg/kg bw/d

oral LOAEL of

5.9 mg/kg bw/d

and the

is judged to be sufficient, even if special considerations on intra- and interspecies variation,
nature and severity of the effects and possible human populations at risk are taken into
consideration. Thus, the substance is of no concern in relation to indirect exposure via the
environment.

Conclusion:
ii)

There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already.

Regional scenario
The total daily intake was calculated to be 2.6 x 10-7 mg/kg bw/d. The margin of safety
between the
exposure level of

2.6 x 10-7 mg/kg bw/d

oral LOAEL of

5 mg/kg bw/d

and the

is judged to be sufficient.
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Conclusion:
ii) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already.

Genotoxicity
Toluene-2,4-diamine has been shown to be a mutagen in vitro in tests with bacteria and
mammalian cell cultures. In vivo 2,4-TDA induced only weak effects in cells from bone
marrow even at nearly acute toxic doses. However, several results from tests analyzing
genetic effects in other organs, like liver, mammary gland and kidney, prove that 2,4-TDA
forms DNA-adducts, induces DNA-strand breaks and also mutants in transgenic mice. In
studies with repeated application, time related effects were observed already at rather low
doses. Taking into account that 2,4-TDA influenced murine testicular DNA synthesis, genetic
effects on germ cells cannot be excluded.
Considering the positive results from the in vivo mutagenicity tests in somatic cells supported
by the clear evidence for mutagenic properties from mammalian cells in vitro 2,4-TDA has to
be classified as category 3 mutagen (R 68, possible risk of irreversible effects).
Conclusion:
For somatic all mutagenicity
iii)

There is a need for limiting the risks; risk reduction measures which are already being
applied shall be taken into account

For gern cell mutagenicty
i) (on hold) There is need for further information and/or testing.

Carcinogenicity
2,4-TDA is carcinogenic to rats and mice. In F344 rats 2,4-TDA produced dose-dependently
higher incidences of hepatocellular carcinomas or neoplastic nodules in males and females
and mammary tumors in females after oral administration (LOAEL for hepatocellular
carcinoma 5.9 mg/kg bw/d, 103-week rat study, cf. 4.1.2.8). Hepatocellular carcinomas have
also been diagnosed in female B6C3F1 mice. Mice with carcinomas often had hyperplasia in
the liver, sometimes diffuse, and hyperplastic nodules. In rats, 2,4-TDA or the mixture of
isomers 2,4/2,6-TDA (80/20) produced localized sarcomas at the application site after
subcutaneous injection. 2,4-TDA is considered as a genotoxic carcinogen. There are no
mechanistic arguments to indicate that these findings would be restricted to animals and not
to humans.
The commercial grade TDA, which was an isomeric mixture of the 2,4- and 2,6-TDA (80/20),
is suspected to have carcinogenic properties due to the constituent 2,4-TDA, which actually is
classified to be Carcinogen Category 2, and is labelled with T, Toxic, R 45, May cause
cancer.
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Based on the available effect data and the daily intake value a margin of exposure (MOE) of
about 2.3 x 105 can be derived for the local scenario with regard to carcinogenicity. A value
of greater than 10,000 has been proposed by the EFSA Scientific Committee (EFSA, 2005) to
characterise low risk if started from BMDL10. Given the fact that calculation of MOE starts
with a LOAEL risk reduction measures have to been taken.
Conclusion:
iii)

There is a need for limiting the risks; risk reduction measures which are already being
applied shall be taken into account

Reproductive toxicity
Fertility
Hazard identification with respect to toxicity for reproduction can not be performed since
there are no investigations available with 2,4-/2,6-TDA (80/20). Also the presently available
results from epidemiological studies are inconclusive and some of the studies were of
restricted validity.
Animal studies with rats on the predominant isomer 2,4-TDA however revealed that the
repeated oral intake of the substance affects spermatogenesis already at a dose level of
approximately 5 mg/kg bw/d (LOAEL).
MOS for the exposure scenario:
Man exposed indirectly via the environment
Local scenario
The total daily intake was calculated to be 0.000026 mg/kg bw/d. The margin of safety
between the
exposure level of

0.000026 mg/kg bw/d

oral LOAEL of

5 mg/kg bw/d

and the

is judged to be sufficient even taking into account that a LOAEL is used for derivation of the
MOS.
Conclusion:
ii) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already.

Regional scenario
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The total daily intake was calculated to be 2.6 x 10-7 mg/kg bw/d. The margin of safety
between the
exposure level of

2.6 x 10-7 mg/kg bw/d

oral LOAEL of

5 mg/kg bw/d

and the

is judged to be sufficient.
Conclusion:
ii) There is at present no need for further information and/or testing or for risk reduction
measures beyond those which are being applied already.

Developmental toxicity
Reliable data for hazard assessment concerning developmental effects are at present not
available. Thus, a risk characterisation for this endpoint cannot be performed. However, 2,4TDA is classified as a Carcinogen Category 2.
Risk reduction measures are required in view of the carcinogenic properties of the substance,
the need for a test to evaluate developmental toxicity should be revisited in the light of risk
reduction strategy.
Conclusion:
i) (on hold) There is need for further information and/or testing.

4.1.3.5

(Combined exposure)

4.2

HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES)

4.2.1

Exposure assessment

4.2.1.1

Occupational exposure

Refer to chapter 4.1.1.1
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4.2.1.2

Consumer exposure

4.2.1.3

Indirect exposure via the environment

4.2.2

Effects assessment: Hazard identification and Dose (concentration) response (effect) assessment

4.2.2.1

Explosivity

2,4-TDA is not explosive.
4.2.2.2

Flammability

2,4-TDA is not highly flammable.
4.2.2.3

Oxidising potential

Due to its chemical structure, 2,4-TDA is not expected to possess any oxidizing properties.

4.2.3

Risk characterisation

4.2.3.1

Workers

Risk reduction measures beyond those which are being applied already are not considered
necessary.
Conclusion: ii
4.2.3.2

(Combined exposure)

4.3

HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES)

4.3.1

Exposure assessment

4.3.1.1

Occupational exposure

Refer to chapter 4.1.1.1
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4.3.1.2

Consumer exposure

4.3.1.3

Indirect exposure via the environment

4.3.2

Effects assessment: Hazard identification and Dose (concentration) response (effect) assessment

4.3.2.1

Explosivity

2,4-TDA is not explosive.
4.3.2.2

Flammability

2,4-TDA is not highly flammable.
4.3.2.3

Oxidising potential

Due to its chemical structure, 2,4-TDA is not expected to possess any oxidizing properties.
4.3.3

Risk characterisation

4.3.3.1

Workers

Risk reduction measures beyond those which are being applied already are not considered
necessary.
Conclusion: ii
4.3.3.2

Consumers

4.3.3.3

Man exposed indirectly via the environment
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5

CONCLUSIONS / RESULTS

(X)

i)

There is need for further information and/or testing

(X)

ii)

There is at present no need for further information and/or testing or
for risk reduction measures beyond those which are being applied
already

(X)

iii)

There is a need for limiting the risks; risk reduction measures which
are already being applied shall be taken into account

Summary of conclusions:
Environment
Conclusion (i)

There is need for further information and/or testing

This conclusion applies for the site dye1 that process 2,4-TDA to dyes.
PEC/PNEC ratios for wastewater treatment plants, surface water and sediment are above 1 for
the scenario “processing of 2,4-TDA to dyes” at site 1. As this scenario is fully based on
default values, improvement of the exposure data basis is possible. Information on TDA
emission from this site should be provided.

Conclusion (ii) There is at present no need for further information and/or testing and for risk
reduction measures beyond those which are being applied already
This conclusion applies to the aquatic compartment and for waste water treatment plants for all
other sites and the environmental compartments atmosphere and soil and secondary poisoning.

Human Health
Workers
Conclusion (i) (on hold) There is need for further information and/or testing
There is a need for better information to adequately characterise the risks regarding the
mutagenicity (germ cell mutagenicity) and developmental toxicity because the current
database does not adequately cover these endpoints. The collection of additional information
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should, however, not delay the implementation of appropriate control measures needed to
address the concern related to other endpoints (conclusion (i) on hold).
Conclusion (iii) There is a need for specific measures to limit the risks
There is concern for mutagenicity (somatic cell mutagenicity) and carcinogenicity as a
consequence of dermal and inhalation exposure arising from all investigated occupational
exposure scenarios. Extensive technical and organisational reduction measures have already
led to very low levels of exposure.
Carcinogenicity risk assessment was conducted with a quantitative approach. Additionally a
risk evaluation for this endpoint was done by calculating with different levels of risk
acceptance. The specific conclusions for the different occupational exposure scenarios
critically depend on the chosen level of risk acceptance. This comparison may be helpful for
risk managers in order to evaluate the necessity and priority of further risk reduction measures
beyond those that has already been successfully implemented.
There is concern for skin sensitisation as a consequence of dermal exposure arising from all
investigated occupational exposure scenarios. Risks of skin sensitisation are considered to be
small. However, because the corresponding risk cannot be quantified or excluded, a general
concern for skin sensitisation is expressed.
Consumer
Conclusion (ii)

There is at present no need for further information and/or testing
and no need for risk reduction measures beyond those which are
being applied already.

Since a consumer exposure seems not to exist, a health risk of consumers is not expected.
Man exposed indirectly via the environment
Conclusion (i) (on hold) There is need for further information and/or testing
There is a need for better information to adequately characterise the risks regarding the
mutagenicity (germ cell mutagenicity) and developmental toxicity because the current
database does not adequately cover these endpoints. The collection of additional information
should, however, not delay the implementation of appropriate control measures needed to
address the concern related to other endpoints (conclusion (i) on hold).
Conclusion (iii)

There is a need for specific measures to limit the risks

The risk assessment shows that the margin of exposure could be assumed to be sufficient for
mutagenicity (somatic cell mutagenicity) and carcinogenicity, but that risks cannot be excluded
at any exposure, as the substance is considered as genotoxic carcinogen.

185

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
6

REFERENCES

Ahrenholz SH, Meyer CR, (1982): Health Hazard Evaluation Report No. HETA 81-2951155. Olin Chemical Company, U.S. National Institute for Occupational Safety and Health,
August 1982
Ahrenholz SH. (1980): Health Hazard Evaluation Determination, Report No. NIOSH-HE-79113-728. Olin Chemical Company, U.S. National Institute for Occupational Safety and
Health, August 1980
Air Products (1982): Toluenediamine. Material Safety Data Sheet, Allentown, Pennsylvania
Air Products (1983): Nitro/amino aromatic intermediates for Industries Worldwide
Air Products (1990): Internal information to International Isocyanate Institute from 23 march
1990
Air Products (2002): Letter from CW Stephens to Bayer AG, 16 October 2002
Ames BN, Kammen HO, Yamasaki E. (1975): Hair dyes are mutagenic:Identification of a
variety of mutagenic ingredients. Proc Natl Acad Sci USA 72: 2423-2427
Anonymus. (1981): Reproductive abnormalities in male workers - Kentucky. Morbidity
Mortality Weekly Reports. Surveillance Summaries 30: 199-205
Armstrong MJ, Bean CL, Galloway SM. (1992): A quantitative assessment of cytotoxicity
associated with chromosomal aberration detection in Chinese hamster ovary cells. Mutation
Res 265: 45-60
Asakura & Okazaki (1995): Biodegradation of Toluene Diamine (TDA) in Activated Sludge
Acclimated with Aniline and TDA. Chemosphere Vol. 30/11, pp 2209-2217
Aune T, Nelson SD, Dybing E. (1979): Mutagenicity and irreversible binding of the
hepatocarcinogen, 2,4-diaminotoluene. Chem Biol Interact 25: 23-33
BAM, 2003: Bundesanstalt für Materialforschung und –prüfung: Assessment of the safety
relevant characteristics in February 2003
Bartels MJ, Timchalk C, Smith FA. (1993): Gas chromatographic/tandem mass spectrometric
identification and quantitation of metabolic 4-acetyltoluene-2,4-diamine from the F344 rat.
Biological Mass Spectrometry 22: 194-200
BASF (1993): Zahn-Wellens-Test on 2,4- and 2,6-TDA (1993), unpublished report
BAU (1994): Neue Stoffe am Arbeitsplatz: Ein Bewertungskonzept, Amtliche Mitteilungen
der Bundesanstalt für Arbeitsschutz, Sonderdruck März 1994, Dortmund, Germany
Bayer (1971): Institut für Toxikologie, Kimmerle G, Solmecke B. TDA Toxikologische
Untersuchungen. Unpublished report No. 2935, 6th August 1971
Bayer (1974): unpublished report
186

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Bayer (1981a): OECD Screening test with 2,4-TDA, unpublished report
Bayer (1981): m-Toluylendiamin rein dest. in Schuppen (= Tolamin-2,4). Untersuchungen zur
akuten oralen Toxizität an männlichen und an weiblichen Wistar-Ratten. Unpublished study
Nr. Tolamin-2,4/001, 9th September 1981
Bayer
(1982):
Untersuchung
von
m-Toluylendiamin
auf
Hautund
Augenschleimhautverträglichkeit. Unpublished study Nr. 01040/R38, 10th October 1982
Bayer (1988): Interne Untersuchung der Bayer AG: Einsatz von 2,4-Toluylendiamin im
Zellvermehrungshemmtest mit der Grünalge Scenedesmus subspicatus
Bayer (1992a): Interne Mitteilung der Bayer AG zum BUA-Stoffdossier „2,4- und 2,6Toluylendiamin“ 24.12.1992
Bayer (1992b): UV-Spectra from 2,4- and 2,6-TDA, unpublished
Bayer (1994): Statement from Bayer AG, information on exposure, from 23.11.1994
Bayer (1995): Comprehensive Risk Assessment Report 28.04.1995
Bayer (1995a): Bestimmung der Dichte; reg. no. 95/135
Bayer (1995b): Bestimmung der Oberflächenspannung; study no. A95/0092/00 DOR
Bayer (1997): Determination of the Quantum Yield and Assessment of the Environmental
Half-life of the direct Photodegradation of 2,4-Diaminotoluene in Water, Report HPO-141 of
7.04.1997
Bayer (2002): Written Comment, Bayer, 30.10.2002
Bean CL., Armstrong MJ., Galloway SM. (1992): Effect of sampling time on chromosome
aberration yield for 7 chemicals in Chinese hamster ovary cells. Mutation Res 265: 31-44
Becker K.H. et al. (1988): The reactions of OH radicals with toluene diisocyanate,
toluenediamine and methylenedianiline under simulated atmospheric conditions. J.
Photochem. Photobiol. 45, 195-205
Bermudez E, Tillery D, Butterworth BE. (1979): The effect of 2,4-diaminotoluene and
isomers of dinitrotoluene on unscheduled DNA synthesis in primary rat hepatocytes. Environ
Mutag 1: 391-398
Blades, C.F. (1976): Toxicity data on Toluenediamine (with attachments). Air Prods &
Chems. Inc., OTS 84003A, Doc. ID 878213786
Blijleven WGH. (1977): Mutagenicity of four hair dyes in Drosophila Melanogaster.
Mutation Res 48: 181-185
Blom, M. (2001): Methemoglobine/Heinz bodies, in RIVM Rapport 601516007 Luttik R;
Raaij MTM van (eds) 2001 Factsheets for the (eco) toxicological risk assessment strategy of
the National Institute of Public Health and the Environment (RIVM).

187

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Brambilla G, Carlo P, Finollo R, Ledda A. (1985): Viscometric detection of liver DNA
fragmentation in rats treated with ten aromatic amines. Discrepancies with results provided by
the alkaline elution technique. Carcinogenesis 6: 1285-1288
Bridges BA, Green MHL. (1976): Carcinogenicity of hair dyes by skin painting in mice. J
Toxicol Environ Health 2: 251-252
Brochhagen (1989a): The Handbook of Environmental Chemistry, Ed. O. Hutzinger
Brochhagen, F. (1989b): Do amines induce occupational asthma in workers manufacturing
polyurethans foams? Correspondence. Brit. J. Ind. Med. 42, 567
Brouwer, D.H., Kroese, R. Van Hemmen, J.J. (1999): Transfer of Contaminants from
Surfaces to Hands: Experimental Assessment of Linearity of the Exposure Process,
Adherence to the Skin, and Area Exposed During Fixed Pressure and Repeated Contact with
Surfaces Contaminated with a Powder, Appl. Occ. Envir. Hyg. 15, 231 – 239
Brown et al. (2001): Monitoring potential degradation of polyurethanes in a landfill simulator.
Final report to the Alliance for the Polyurethane Industry; Report No. 251065
Bruns (2002a): Determination of the effect of toluene diamine on the embryo and sac-fry
stages of Danio rerio. International Isocyanate Institute Inc., Manchester, III Project 195,
Report No. 11453, March 2002
Bruns (2002b): Determination of the effect of toluene diamine on the reproduction of Daphnia
magna. International Isocyanate Institute Inc., Manchester, III Project 195, Report No. 11452,
March 2002
BUA (1995): Stoffbericht 192: "2,4- und 2,6-Toluylendiamin",
Burns LA, Bradley SG, White KL, McCay JA, Fuchs BA, Stern M, Brown RD, Mursgrove
MP, Holsapple MP, Luster MI, Munson AE. (1994): Immunotoxicity of 2,4-Diaminotoluene
in female B6C3F1 mice. Drug and Chemical Toxicology 17: 401-436
Burroughs AE. (1975): m-Toluenediamine. Analysis in dog urine sample. Du Pont De
Nemours & Company, Wilmington, Delaware 1975; NTIS-OTS 206445, Doc I.D. 8782/3783
and 3784
Butterworth BE, Smith-Oliver T, Earle L, Loury DJ, White RD, Doolittle DJ, Working PK,
Cattley RC, Jirtle R, Michalopoulos G, Strom S. (1989): Use of primary cultures of human
hepatocytes in toxicology studies. Cancer Res 49: 1075-1084
Cardy RH. (1979): Carcinogenicity and chronic toxicity of 2,4-Toluendiamine in F344 rats. J
Natl Cancer Inst 62: 1107-1116
Caspers et al. (1986): Ecotoxicity of TDI, MDI, TDA, MDA. Report to the III by Bayer AG,
Leverkusen, Project E-CE-41
Cheung Y-L, Snelling J, Mohammed NND, Gray TJB, Ioannides C. (1996): Interaction with
aromatic hydrocarbon receptor CYP1A induction, and mutagenicity of a series of
diaminotoluenes: implications of their carcinogenicity. Toxicol. Appl. Pharmacol. 139, 203211
188

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
CITI (1992): Biodegradation and bioaccumulation data on existing chemicals based on the
CSCL Japan
Citro G, Galati R, Verdina A, Marini S, Zito R, Giardina B.(1993): Activation of 2,4diaminotoluene to proximate carcinogens in vitro, and assay of DNA adducts. Xenobiotica
23: 317-325
Coppinger WJ, Brennan SA, Carver JH, Thompson ED.(1984): Locus specificity of
mutagenicity of 2,4-diaminotoluene in both L5178Ymouse lymphoma and AT 3-2 Chinese
hamster ovary cells. Mutation Res 135: 115-123
Cowen W.F. et al. (1996): Sorption and microbial degradation of Toluenediamines and
Methylendianiline in soil under aerobic and anaerobic conditions, III report 11230, Project
number 116-AM-ENV.
CRC Handbook of Chemistry and Physics, Hrsg. R.C.Weast, CRC Press Cleveland, Ohio,
56th Aufl. p. C-517, D-198, D-207, 1975
Cunningham ML, Burka LT, Matthews HB (1988): In vitro bio-activation of 2,4diaminotoluene by Arochlor-1254-induced rat liver S9. Toxicologist 8: 10
Cunningham ML, Matthews HB (1990): Evidence for an acetoxyarylamine as the ultimate
mutagenic reactive intermediate of the carciogenic aromatic amine 2,4-diaminotoluene.
Mutation Res 242: 101-110
Cunningham ML, Maronpot RR, Foley J, and Matthews HB. (1990a): The hepatic carcinogen
2,4-Diaminotoluene but not the noncarcinogen 2,6-Diaminotoluene increases cell
proliferation in the rat liver. NIEHS, research Triangle Park, NC; The Toxicologist 10, 181
Cunningham ML, Foley J, Maronpot RR, and Matthews HB. (1991): Correlation of
hepatocellular proliferation with hepatocarcinogenicity induced by the mutagenic
noncarcinogen:carcinogen pair – 2,6- and 2,4-Diaminotoluene. Toxicol. Appl. Pharmacol.
107, 562-567
Cunningham ML, Matthews HB. (1995): Cell proliferation as a determining factor for the
carcinogenicity of chemicals: studies with mutagenic carcinogens and mutagenic
noncarcinogens. Toxicology letters 82/83, 9-14
D (1998): Technische Regeln für Gefahrstoffe (TRGS) 900, Grenzwerte in der Luft am
Arbeitsplatz „Luftgrenzwerte“. Ausgabe: Oktober 1996, zuletzt geändert BArBl. Heft 6/1999
Danish Environmental Protection Agency (1998): Immobilisation Test of Aniline Compounds
with the Crustacean Daphnia magna, Project No. 303587
Darschnik, S., Orthen, B., Rupprich, N. (1998): Calculation of MOS values for route-specific
and combined exposures. DE/05/98 prepared for TM IV, 98, from the Federal Institute for
Occupational Safety and Health, Assessment Authority under the Chemicals Act, Dortmund,
Germany
Darschnik, S., Rupprich, N. (1999): Calculation and interpretation of MOS values. Prepared
for the EU MOS workshop 21/22 April 1999, RIVM, Bilthoven, NL, from the Federal
189

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Institute for Occupational Safety and Health, Assessment Authority under the Chemicals Act,
Dortmund, Germany
DECOS (Dutch Expert Committee for Occupational Standards) (1995): Calculating cancer
risk. No 1995/06 WGD, The Hague
Delclos KB, Blaydes B, Heflich RH, Smith BA. (1996): Assessment of DNA adducts and the
frequency of 6-thioguanine resistant T lymphocytes in F344 rats fed 2,4-toluenediamine or
implanted with a toluenediisocyanate-containing polyester polyurethane foam. Mutation Res
367: 209-218
Dodard S.G. et al. (1999): Ecotoxicity characterisation of dinitrotoluenes and some of their
reduced metabolites. Chemosphere 38/9, 2071-2079
Du Pont (1986): 8d - -Phenylenediamines. Office of Toxic Substances, U.S. EPA,
Washington, DC, Doc. I.D.#878220664, microfiche No. 215307 (OTS 84003A) (1974) cited
in Environmental Protection Agency: Health and Environmental Effects Profile for 2,4Toluenediamine. Syracuse Research Corp, Cincinnati, OH; 1986
Dunn BJ. (1978a): Primary Dermal irritation test, Toluene diamine. Allied Chemical
Coporation Project Number MA-12-77-6, 1978
Dunn BJ. (1978b): Test for eye irritation, Toluene diamine. Allied Chemical Coporation
Project Number MA-12-77-01, 1978
Dunn BJ. (1978c): Guinea pig hypersensitization test, Toluene diamine. Allied Chemical
Corporation, Project No. MA-12-77-03; 1978
Dybing, E., Sanner, T., Roelfzema, H., Kroese, D., Tennant, R.W. (1997): T25: A simplified
carcinogenic potency index: descriptions of the systemic and study of correlations between
carcinogenic potency and species/site specificity and mutagenicity. Pharmacol. Toxicol. 80,
272-279
Eastin WC, Haseman JK, Mahler JF, Bucher JR (1998): Testing compounds in genetically
altered mice. Toxicologic Pathology 26, 461-473
ECB (1998): Report from ad-hoc Sub group on Risk Characterisation for Carcinogens, Annex
9 to Minutes of TM IV´98, December 16, 1998, DOC/ECB/4/21/98
ECETOC (1995): Assessment factors in human health risk assessment, Technical Report No.
68
EFSA (2005): Opinion of the Scientific Committee on a request from EFSA related to A
Harmonised Approach for Risk Assessment of Substances Which are both Genotoxic and
Carcinogenic. EFSA Journal 282, 1-31
EUROPUR (2003): 2,4-TDA in commercial flexible PUR foams, letter 05.12.2003
Fahmy JM, Fahmy OG. (1977): Mutagenicity of hair dye components relative to the
carcinogen benzidine in Drosophila Melanogaster. Mutation Res 56: 31-37

190

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Fassina G, Abbodandolo A, Mariani L, Taningher M, Parodi S. (1990): Mutagenicity in V79
cells does not correlate with carcinogenity in small rodents for 12 aromatic amines. J Toxicol
Environ Health 29: 109-130
Fujiwara (1982): Studies on the effect of TDA and MDA on plankton daphnia. Report to the
III from 25.3.1982, Project FE-E-26
Furlong BB, Weaver RP, Goldstein JA. (1987): Covalent binding to DNA and mutagenicity
of 2,4-diaminotoluene metabolites produced by isolated hepatocytes and 9000g supernatant
from Fischer 344 rats. Carcinogenesis 8: 247-251
Geiger et al. (eds.) (1990): Acute Toxicity of Organic Chemicals to Fathead Minnows (P.
promelas) Volume 5 by Centre for Lake Superior Environmental Studies, University of
Wisconsin-Superior, USA
George E, Westmoreland C. (1991): Evaluation of the in vivo genotoxicity of the structural
analogues 2,6-diaminotoluene and 2,4-diaminotoluene using the rat micronucleus test and rat
liver UDS assay. Carcinogenesis 12: 2233-2237
George SE, Huggins-Clark G and Brooks, LR (2001): Use of a Salmonella microsuspension
bioassay to detect the mutagenicity of munitions compounds at low concentrations. Mutation
Res 490, 45-56.
Giles Jr AL, Chung ChW. (1976): Dermal carcinogenicity study by mouse-skin-painting with
2,4-Toluenediamine alone or in representative hair dye formulations. J Toxicol Environ
Health 1: 433-440
Glinsukon T, Benjamin T, Grantham PH, Weisburger EK, Roller PP. (1975): Enzymatic Nacetylation of 2,4-toluenediamine by liver cytosols from various species. Xenobiotica 5: 475483
Glinsukon T. (1976): N-acetylation as a route of 2,4-toluenediamine metabolism by hamster
liver cytosol. Biochem Pharmacol 25: 95-97
Grantham PH, Mohan I, Benjamin T, Roller PP, Miller JR, Weisburger EK. (1979):
Comparison of the metabolism of 2,4-toluenediamine in rats and mice. J Environ Pathol
Toxicol 3: 149-166
Greene EJ and Friedman MA (1980): In vitro cell transformation screening of 4 toluene
diamine isomers, Mutation Res 79: 363-375
Greene EJ, Sherrod JA and Friedman MA (1979): Short-term mutagenicity and cell
transformation screening of toluene diamine , I. Bacterial mutagenicity of four toluene
diamine isomers. Allied Chemical Corporation, Report MA-12-77-12
Greene EJ, Friedman MA (1979a): Short-term mutagenicity and cell transformation screening
toluene diamine, III. Enhancement of viral transformation of primary hamster embryo cells by
four tolunene diamine isomers. Allied Chemical, Report MA-12-77-14
Greene EJ, Friedman MA. (1979b): Short-term mutagenicity and cell transformation
screening of toluene diamine, V. chemical transfromation of secondary hamster embryo cells
191

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
by four toluene diamine isomers, unpublished Report MA-12-77-16, Corporate Medical
Affairs, Allied Chemical Corporation, Morristown, Jersey; 1979
Greene EJ, Salerno AJ, Friedman MA. (1981): Effect of 4 toluene diamine isomers on
murine testicular DNA synthesis. Mutation Res 91: 75-79
Griffiths AJF. (1979): Neurospora prototroph selection system for studying aneuploid
production. Environm Health Persp 31: 75-80
Hamill P.V. et al. (1982): The Epidemiologic Assessment of Male Reproductive Hazard From
Occupational Exposure to TDA and DNT. J Occup Med 24: 985-993
Hardin BD et al. (1987b): Evaluation of 60 Chemicals in a Preliminary Developmental
Toxicity Test. Teratogen Carcinogen Mutagen 1 7: 29-48
Hardin BD. (1987a): A Recommended Protocol for the Chernoff/Kavlock Preliminary
Developmental Toxicity Test and a Proposed Method for Assigning Priority Scores Based on
Results of that Test. Teratogen Carcinogen Mutagen 7: 94-95
Haworth S, Lawlor T, Mortelmans K, Speck and Zeiger E. (1983): Salmonella mutagenicity
test results for 250 chemicals. Environ Mutag 1: Suppl 1, 3-142
Hayward JJ, Shane BS, Tindall KR, Cunningham ML. (1995): Differential in vivo
mutagenicity of the carcinogen/non-carcinogen pair 2,4- and 2,6-diaminotoluene.
Carcinogenesis 16: 2429-2433
Holcombe G.W. et al. (1995): Acute and long-term effects of nine chemicals on the Japanese
Medaka (Oryzias latipes). Arch. Environ.Contam.Toxicol. 28, 287-297
Holdren M.W. et al. (1984): Gas phase reaction of toluene diisocyanate with water vapor.
Am. Ind. Hyg. Assoc. J., 45(9), 626-33
Holen I, Mikalsen S-O, Sanner T. (1990): Effects of dinitrotoluene on morphological cell
transformation and intercellular communication in Syrian hamster embryo cells. J Toxicol
Environm Health 28: 89-98
Hommel (1995): Handbuch der gefährlichen Güter. Springer-Verlag Heidelberg, 1995
Hoting E, Baum C, Schulz KH (1995): Untersuchungen zur Frage der Kreuzallergenität von
amino- und nitro-substituierten aromatischen Verbindungen. Dermatosen 43: 50-58
I.I.I. (2000): Determination of physical properties of 2,4-TDA. International Isocyanate
Institute Inc., Manchester, III Project 146, part 2 from June, 2000
I.I.I. (2001): Determination of physical properties of 2,6-TDA. International Isocyanate
Institute Inc., Manchester, I.I.I. Project PC/229 from August, 2001
I.I.I. (2005): The Toxicity of TDA to Lumbriculus variegates. International Isocyanate
Institute Inc., Manchester, III Project 251, III Report 11519 from September 2005

192

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
I.I.I. (2004): Toluene diamine: a study on the toxicity to the sediment dweller Chironomus
riparius. International Isocyanate Institute Inc., Manchester, III Project 227, III Report 11504
from October 2004
ISOPA (2003): 2,4-TDA releases from PUR articles and related health risks, letter 08.12.2003
Ito N, Hiasa Y, Konishi Y, Marugami M. (1969): The development of carcinoma in liver of
rats treated with m-Toluylendiamine and the synergistic and antagonistic effects with other
chemical. Cancer Research 29: 1137-1145
JETOC (1996): Mutagenicity test data of existing chemical substances, based on the toxicity
investigation system of the industrial safety and health law
Kim M-N et al, (2002): Toxicity and biodegradation of diamines, J. Environ. Sci. Health Vol.
B37: 53-64

Kirk-Othmer (1991): Encyclopedia of chemical technology, 4.ed., Wiley & sons, New York,
Vol.2, p.442 ff.
Kleniewska D. (1975): Studies on hypersensitivity to „para group“. Berufsdermatosen 23: 3136
Kowalski LA, Laitinen AM, Mortazavi-Asl B, Wee RK-H, Erb HE, Assi KP, Madden Z.
(2000): In vitro determination of carcinogenicity of sixty-four compounds using a bovine
papillomavirus DNA-carrying C3H/10T1/2 cell line. Environ Molec Mutag 35, 300-311
Kynoch SR, Elliott PH (1977): cited in: Henschler D, Gesundheitsschädliche Arbeitsstoffe,
Toxikologisch-arbeitsmedizinische
Begründung
von
MAK-Werten
(Maximale
Arbeitsplatzkonzentration), Verlag Chemie, 1-11, 1985
La DK, Froines JR (1992): 32P-postlabelling analysis of DNA adducts from Fischer-344 rats
administered 2,4-diaminotoluene. Chem-Biol Interact 83: 121 - 134
La DK, Froines JR (1994): Formation and removal of DNA adducts in Fischer-344 rats
exposed to 2,4-diaminotoluene. Arch Toxicol 69: 8-13
LeBoeuf RA, Kerckaert GA, Aardema MJ, Gibson DP, Brauninger R, Isfort RJ (1996): The
pH 6.7 Syriam hamster embryo cell transformation assay for assessing the carcinogenic
potential of chemicals. Mutation Res 356: 85 - 127
Lee, H., Nevill, K. (1982): Handbook of Epoxy Resins, McGraw-Hill, New York, reissue
cited in Kirk-Othmer (1991)
Lendvay TS, Marshall FF. (2003): The tuberous sclerosis complex and its highly variable
manifestations. J Urol 169, 1635-42

193

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Levine RJ et al. (1985): Fertility of Workers Exposed to Dinitrotoluene and Toluenediamine
at three chemical plants. Toxicity of Nitroaromatic Compounds. Rickert DE ed. Hemisphere
Publishing Corporation 1985
Loveday KS, Anderson BE, Resnick MA, Zeiger E. (1990): Chromosome aberration and
sister chromatid exchange tests in Chinese hamster ovary cells in vitro. V: Results of 46
chemicals. Environ Molec Mutag 16: 272-303
Martens R., Domsch K.H. (1981): Microbial degradation of polyurethane foams and
isocyanate based polyureas in different media. Water, Air, and Soil Pollution 15, 503-509
Marzulli FN, Anjo DM, Maibach HI. (1981): In vivo skin penetration studies of 2,4toluenediamine, 2,4-diaminoanisole, 2-nitro-p-phenylenediamine, p-dioxane and nnitrodiethanolamine in cosmetics. Fd Cosmet Toxicol 19: 743-747
Matsui S. et al. (1975): Activated sludge degradability of organic substances in the waste
water of the Kashima petroleum and petrochemical industrial complex in Japan. Progress in
Water Technology, 7 (3/4), 645-659
May, C.A. (1988): Expoxy resins: Chemistry and Technology, 2nd. ed., Marcel Dekker, Inc.
New York, cited in Kirk-Othmer (1991)
Mirsalis JC, Tyson CK, Butterworth BE. (1982): Detection of genotoxic carcinogens in the in
vivo-in vitro hepatocyte DNA repair assay. Environ Mutag 4: 553-562
Morita T, Asano N, Awogi T, Sasaki YuF, Sato S, Shimada H, Sutou S, Suzuki T, Wakata A,
Sofuni T, Hayashi M. (1997): Evaluation of the rodent micronucleus assay to screen IARC
carcinogens (Group 1, 2A, and 2B) the summary report of the 6th collaborative study by
CSGMT/JEMS MMS. Mutation Res 389: 3-122
Morton LD, Youssef AF, Lloyd E, Kiorpes AL, Goldsworthy TL, Fort FL. (2002): Evaluation
of carcinogenic responses in the Eker rat following short-term exposure to selected
nephrotoxins and carcinogens. Toxicologic Pathology 30, 559-564
Nagata J. (1937): Über die Leberveränderungen durch m-Toluylendiaminfütterung. Trans
Japan Pathol Soc 27: 426-437
Nagata J. (1944): Experimentelle pathologische Untersuchungen über die langdauernde mToluylendiaminverabreichung (Eine Analyse des Wirkungsmechanismus der kanzerogenen
Azoverbindungen). I. Mitt. Die Veränderungen der Rattenleber bei langdauerndem
Fütterungsversuch. Ganna Tokyo 38: 174-201
Nagata, J. (1944): Experimentelle pathologische Untersuchungen über die langdauernde mToluylendiaminverabreichung (Eine Analyse des Wirkungsmechanismus der kanzerogenen
Azoverbindungen). 2. Mitt. Der Veränderungsverlauf der Leberschädigung bei verschiedenen
m-Toluylendiamin-Verabreichungsmethoden. Ganna Tokyo 38: 312-314
National Cancer Institute (NCI). (1979): Bioassay of 2,4-diaminotoluene for possible
carcinogenicity. Carcinogenesis Technical Report Series No. 162 (NCI-CG-TR-162), PB
293593, U.S. Department of Health, Education, and Welfare, 1979

194

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Neumann H-G, Birner G, Kowallik P, Schütze D, Zwirner-Baier I. (1993): Hemoglobin
adducts in N-substituted aryl compounds in exposure control and risk assessment. Environm
Health Perspect 99: 65-69
Nishihara T, Nishikawa I, Kanayama T, Dakkeyama F, Saito K, Imagawa M, Takatori S,
Kitagawa Y, Hoori S, Utsumi H. (2000): Estrogenic activities of 517 chemicals by yeast twohybrid assay, J Health Science, 46, 282-298
Nordenskjöld M, Anderson B, Rahimtula A, Moldeus P. (1984): Prostaglandin synthasecatalyzed metabolic activation of some aromatic amines to genotoxic products. Mutation Res
127:107-112
Parodi S, Zunino A, Ottaggio L, De Ferrari M, Santi L. (1983): Lack of correlation between
the capability of inducing sister chromatid exchanges in vivo and carcinogenic potency, for
16 aromatic amines and azo derivatives. Mutation Res 108: 225-238
Pienta RJ, Shah MJ, Lebherz III WB, Andrews AW. (1977): Correlation of bacterial
mutagenicity and hamster cell transformation with tumorigenicity induced by 2,4toluenediamine. Cancer Lett 3: 45-52
Pylev LN, Kowalskaya GD, Genin VA. (1979): Study of possible carcinogenous properties
of meta-Toluylenediamine. Gig Tr Prof Zablol 2: 37-41
Reuber MD. (1979): Carcinomas of the liver in female mice fed Toluene-2,4-Diamine. Gann
70: 453-457
Römpp (1990/91): Römpp`s Chemie-Lexikon, eds.: Falbe, J. & Regitz, M.; 9. rev. and enl.
ed., Thieme Verlag, Stuttgart (1990/91), cited in Bayer (1995)
Russo P, Vecchio D, Balbi C, Parodi ELS, Santi L. (1981): Dannoal DNA, dopo trattamento
„in vivo“ con alcune ammine aromatiche: 2-4 diamminotoluene, e amminobenzene (anilina) e
paradimetilamminoazobenzene (giallo burro). Boll Soc It Biol Sper LVII: 131-137
Sandridge (Mobay Chemical Corporation) (1984): Letter to M. Nakarta (Sumitomo Bayer
Urethane Co. Ltd.)
Sasaki YF, Izumiyama F, Nishidate E, Ohta T, Ono T, Matsusaka N, Tsuda S. (1997): Simple
detection of in vivo genotoxicity of pyrimethamine in rodents by the modified alkaline singlecell gel electrophoresis assay. Mutation Res ; 392: 251-259
Sasaki YF, Fujikawa K, Ishida K, Kawamura N, Nishikawa Y, Ohta S, Satoh M, Madarame
H, Ueno S, Susa N, Matsusuka N, Tsuda S (1999): The alkaline single cell gel electrophoresis
assay with mouse multiple organs: results with 30 aromatic amines evaluated by the IARC
and U.S. NTP. Mutation Res 440: 1 - 18
Satake N, Urakami S, Hirayama Y, Izumi K, Hino O. (1999): Biallelic mutations of the Tsc2
gene in chemically induced rat renal cell carcinoma. Int J Cancer 11, 895-900
Sauerhoff MW, McNamara PS, Braun WH. (1977): Initial pharmacokinetic evaluation of
14C-2,4-toluenediamine after intra-venous administration to rats. Office of Toxic Substances,
U.S. EPA, Washington, DC. (1977) cited in Environmental Protection Agency: Health and
195

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Environmental Effects Profile for 2,4-Toluenediamine. Syracuse Research Corp, Cincinnati,
OH; 1986
Sayama M, Kondo T, Mori M. (2002): Cytosolic acetyl transfer and N-deacetylation
associated with the metabolism of carcinogenic 2,4-diaminotoluene in rat liver. J Health
Science 48, 485-492
Selden JR, Dolbeare F, Clair JH, Miller JE, MCGettigan K, DiJohn JA, Dysart GR, DeLuca
JG. (1994): Validation of a flow cytometric in vitro DNA repair (UDS) assay in rat
hepatocytes. Mutation Res 315: 147-167
Sekihashi K, Yamamoto A, Matsumura Y, Ueno S, Watanabe-Akanuma M, Kassie F,
Knasmüller S, Tsuda S, Sasaki YF. (2002): Comparative investigation of multiple organs of
mice and rats in the comet assay. Mutation Res 517, 53-74.
Shahin MM, Bugaut A, Kalopissis (1980): Structure-activity relationship within a series of mdiaminobenzene derivates. Mutation Res 78: 25 - 31
Shahin MM, Chopy C, Lequesne N. (1985): Comparisons of Mutation Induction by Six
Monocyclic Aromatic Amines inSalmonella typhimurium Tester Strains TA97, TA1537,
TA1538. Environ Mutag 7: 535-546
Sina JF, Bean CL, Dysart GR, Taylor VI, Bradley MO. (1983): Evaluation of the alkaline
elution/rat hepatocyte assay as a predictor of carcinogenic/mutagenic potential. Mutation Res
113: 357-391
Smith KN. (1983): Determination of the reproductive effects in mice of nine selected
chemicals. Bioassay Systems Corp. for the National Institute for Occupational Safety and
Health, Woburn, MA, USA. National Technical Information Service Report-No. PB84183540; 1980
Snyder (Air Products and Chemicals Inc.), (1987): Internal Memorandum to P.J. Usinowicz
Soares ER, Lock LF. (1980): Lack of an indication of mutagenic effects of dinitrotoluenes
and diaminotoluenes in mice. Environ Mutag 2: 111-124
Sontag JM. (1981): Carcinogenicity of substitued-benzenediamines (phenylenediamines) in
rats and mice. J Nat Cancer Inst 66: 591-602
SRC (1988): Syracuse Research Corporation calculated values 1988 cited in Envirofate
database
SRI International (1994): Chemical Economics Handbook, Ed. Chinn et.al., March 1994
Steinhoff D, Dycka J. (1981): Vergleichende Kanzerogenese-Versuche mit 2,4Toluylendiamin, 2,4/2,6-Toluylendiamin 80/20, m-Phenylendiamin, o-Toluidin, p-Toluidin,
4,4’-diaminodiphenylmetah, Benzidin bei subkutaner Applikation an Ratten. Unpublished
report, Bayer AG, Institut für Toxikologie, Bericht-Nr. 10682, 06.07.1981
Stula EF, Aftosmis JG. (1976): Long-term oral administration of 2,4-Toluenediamine (MTD)
and Chlorotoluenediamine mixture (C1-MTD), in rats and dogs. Unpublished report, E.I. Du
196

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Pont de Nemours & Co., Haskell Laboratory, Newark, Delaware, Report No. 72-76,
26.03.1976, Medical Research Project No. 5078
Suter W, Ahiabor R, Blanco B, Locher F, Mantovani F, Robinson M, Sreenan G, Staedtler F,
Swingler T Vignutelli A, Perentes E. (1996): Evaluation of the in vivo genotoxic potential of
three carcinogenic aromatic amines using the Big Blue (TM) transgenic mouse mutation
assay. Environ Molec Mutag 28: 354-362
Swenberg JA. (1981): Utilization of the alkine elution assay as a short-term test for chemical
carcinogens. In: Stich et al. (eds.): Short-Therm Tests. Chem Carcinog. Springer Verlag, New
York 1981; pp. 48-58
Tadokoro et al. (CITI, Japan) (1991a): New aquatic life study on T-80 – Part 2. Draft Report
to III, Project FE-E-66-2
Tadokoro et al. (CITI, Japan) (1991b): New aquatic life study on T-80 – Part 3. Report to III,
Project FE-E-66-3
Tadokoro et al. (CITI, Japan) (1992): New aquatic life study on T-80 – Part 1 – 3. Report to
III, Project FE-E-66-1,2,3
Taningher M, Peluso M, Parodi S, Ledda-Columbano GM, Columbano A. (1995): Genotoxic
and non-genotoxic activities of 2,4- and 2,6- diaminotoluene, as evaluated in Fischer-344 rat
liver. Toxicology 99: 1-10
Tennant RW, Stasiewicz S, Eastin WC, Mennear JH, Spalding JW. (2001): The Tg.AC (vHa-ras) transgenic mouse: Nature of the model. Toxicologic Pathology 29, Suppl: 51-5
Thysen B et al. (1984): Reproductive Effects of 2,4-Toluenediamine (TDA), presented at
187th National Meeting. American Chemical Society, Chemical Health and Safety, St. Louis,
Mo April 8-13 1984; Abstr. 67
Thysen B et al. (1985a): Reproductive Toxicity of 2,4-Toluenediamine in the Rat. 1. Effect
on Male Fertility. J Toxicol Environ Health 16: 753-761
Thysen B et al. (1985b): Reproductive Toxicity of 2,4-Toluenediamine in the Rat. 2.
Spermatogenic and Hormonal Effects. J Toxicol Environ Health 16: 763-769
Timchalk C, Smith FA, Bartels MJ. (1994): Route-Dependent comparative metabolism of
[14C]toluene 2,4-diisocyanate and [14C]toluene 2,4-diamine in Fischer 344 rats. Toxicol Appl
Pharmacol 124: 181-190
TNO Institute of Environmental Science (1992a): Determination of the LC50 (14days) of
TDI, TDA, MDI and MDA to the earthworm Eisenia fetida according to OECD Guideline no.
207. Report IMW-R92/188 to III; Project E-CE-96
TNO Institute of Environmental Science (1992b): Determination of the effect of TDI, TDA,
MDI and MDA on the emergence and growth of the plant species Avena sativa and Lactuca
sativa according to OECD Guideline no. 208. Report R92/201 to III; Project E-CE-95
Topham JC. (1980): Do induced sperm-haed abnormalities in mice specifically identify
mammalian mutagens rather than carcinogens? Mutation Res 74: 379-387
197

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
TRGS 901 (1999): Begründungen und Erläuterungen zu Grenzwerten in der Luft am
Arbeitsplatz. Ausgabe: April 1997, zuletzt geändert: BArBl. Heft 4/1999
Umeda M. (1955): Production of rat sarcoma by injections of Propylene glycol solution of mTolueylenediamine. Gann 46: 597-604
Unger PD, Friedman MA, Salerno AJ. (1979): Effect of sub-chronic pretreatment with 2,4and 2,6-toluenediamine on the distribution and excretion of 2,4-toluenediamine-14C in the
mouse. Allied Chemical Corporation, Corporate Medical Affairs, Morristown, New Jersey.
Report MA-12-77-11, NTIS-OTS 206440, Doc I.D. 878213702, 27 pp; 1979
Unger PD, Salerno AJ, Ness WC, Friedman MA. (1980): Tissue distribution and excretion of
14

2,4-[ C]toluenediamine in the mouse. J Toxicol Environm Health 6: 107-114
Unger PD. (1978): Tissue distribution and excretion of 2,4-toluene-diamine-14C in the
mouse. Allied Chemical Corporation, Corporate Medical Affairs, Morristown, New Jersey.
Report MA-12-77-10, NTIS-OTS 206440, Doc I.D. 878213696, 20 pp; 1978
Varma SK, Bloch E, Gonods B, Rossi V, Gunsalus GL, Thysen B. (1988): Reproductive
toxicity of 2,4-touluenediamine in the rat. 3. Effects on androgen-binding protein levels,
selected seminiferous tubule characteristics, and spermatogenesis. J Toxicol Environ Health
25: 435-451
Veith G.D. et al. (1979): Measuring and estimating the bioconcentration factor of chemicals
in fish. J. Fish. Board Can., 36, 1040-1048
Voullaire, E., Kliemt, G. (1995): Gefahrstoffe in Klein-und Mittelbetrieben: Neue Wege
überbetrieblicher Unterstützung. Fb 703, Schriftenreihe der Bundesanstalt für Arbeitsschutz
und Arbeitsmedizin, Wirtschaftsverlag NW
Waring RH, Pheasant AE. (1976): Some phenolic metabolites of 2,4-diaminotoluene in the
rabbit, rat, and guinea-pig. Xenobiotica 6: 257-262
Watanabe T, Ono M, Hirayama T. Fukui S. (1987): 2,7-Diamino-3,8-dimethylphenazine as
the major mutagenic product from the reaction of 2,4-diaminotoluene with hydrogen
peroxide. Mutation Res 190:113-117
Weisbrod D, Stephan U. (1983): Investigations on the toxic, methaempglobin producing and
erythocytes damaging effects of diaminotoluene after single application. Z ges Hyg 29: 395397
West RJ et al. (2002): Sorption and biodegradation of 2,4-TDA, 2,6-TDA and 4,4’-MDA in
soils under anaerobic conditions: second study. III report 11463, September 2002
White KL, McCay JA, Muagrove DL, Brown RD, Stern ML, Holsapple MP, Munson AE.
(1989): Immunotoxicity of 2,4-diaminotoluene in female B6C3F1 mice. Toxicologist 9: 200
WHO, (1987): Geneva: Environmental Health Criteria. No. 74. Diaminotoluenes

198

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Whong WZ, Steward JD, Ong T. (1991): Study on the formation of DNA adducts and
cytogenetic effects in the lung of rats treated with toluene diisocyanate and toluenediamine.
Environ Molec Mutag 17: 76, Abstract 272
Wilson PM, La KD, Froines JR (1996): Hemoglobin and DNA adduct formation in Fischer344 rats exposed to 2,4- and 2,6-toluene diamine. Arch Toxicol 70: 591 - 598
Working PK, Butterworth BE. (1984): An assay to detect chemically induced DNA repair in
rat spermatocytes. Environ Mutag 6: 273-286
Yakabe Y. (1995): The study of the environmental fate of TDA, MDA and oligoureas of TDI
and MDI: Biodegradability test of 2,4-diaminotoluene and 4,4’diaminodiphenylmethane. III
report 11170, project number 105-FE-ENV, part III
Yakabe Y (1999): Fate of methylenediphenyl diisocyanate and toluene diisocyanate in the
aquatic environment. Environ. Sci. Technol. 33, 2579-2583
Yoshida T, Shimauche T, Kin Ch. (1941): Experimentelle Studien über die Entwicklung des
Harnblasentumors. I. Mitt. Gann 35: 272-274; Translation BNTIS 206445
Zalchari A (1978): Toluene Diamine. Lethality -50- Acute toxicity study. Document
878213701. Allied Chemical Corporation. Unpublished report 20th November 1978

199

CAS No 95-80-7

R064_0805_env_hh
28.05.2008

Appendix A I

of the Risk Assessment Report

TDA

Distribution and fate

January 2003

200

CAS No 95-80-7

R064_0805_env_hh
28.05.2008

Distribution and Fate
d

Tag

Substance: 2,4-TDA
melting point:

MP

363.K

vapour pressure:

VP

0.017.Pa

water solubility:

SOL

part. coefficient octanol/water:

LOGPOW

moleculare weight:

MOLW

gas constant:

R

. .( mol.( K ) )
8.3143J

temperature:

T

.
293.15K

conc. of suspended matter
in the river:

SUSP water

density of the solid phase:

RHO solid

volume fraction water in susp. matter:

Fwater susp

0.9

volume fraction solids in susp.matter:

Fsolid susp

0.1

volume fraction of water in sediment:

Fwater sed

0.8

volume fraction of solids in sediment:

Fsolid sed

0.2

volume fraction of air in soil:

Fair soil

volume fraction of water in soil:

Fwater soil

0.2

volume fraction of solids in soil:

Fsolid soil

0.6

aerobic fraction of the sediment comp.:

Faer sed

0.1

product of CONjunge and SURFair:

product

4
10 .Pa

38000.mg .l

1

0.074
1
0.122.kg .mol

15.mg.l

1

1

3
2500.kg .m

0.2

distribution air/water: Henry-constant
HENRY

VP.MOLW
SOL

log

HENRY
3
1
Pa .m .mol

K air_water

HENRY= 5.458 10

5

3
1
Pa .m .mol

= 4.263

HENRY
R.T

K air_water = 2.239 10
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solid/water-partition ceefficient Kp
coefficient K comp_water

9763 l.kg

K OC

1

comp

and total compartment/water-partition

( measured )

Suspended matter
0.1.K OC

Kp susp

K susp_water

Fwater susp

Kp susp = 976.3 l.kg
Fsolid susp .Kp susp .RHO solid

1

K susp_water = 244.975

factor for the calculation of Clocalwater:
faktor

Kp susp .SUSP water

1

faktor = 1.015

Sediment
Kp sed

0.05.K OC

K sed_water

Fwater sed

Kp sed = 488.15 l.kg
Fsolid sed .Kp sed .RHO solid

1

K sed_water = 244.875

Soil
Kp soil

0.02.K OC

K soil_water

Fair soil .K air_water

Kp soil = 195.26 l.kg
Fwater soil

1

Fsolid soil .Kp soil .RHO solid
K soil_water = 293.09

Sludge
K p_sludge

0.37.K OC

3
K p_sludge = 3.612 10 l.kg
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Elimination in STPs
rate constant in STP: k =0.1 h -1

elimination P = f ( k, logpow, logH) = 41 %
fraction directed to surface water Fstp water= 59 %

biodegradation in different compartments

surface water
0 .d

kbio water

1

(cTGD, table 5)

soil
1000.d

DT50bio soil
kbio soil

ln( 2 )
DT50bio soil

kbio soil = 6.931 10

4

kbio sed = 6.931 10

5

d

1

d

1

sediment

kbio sed

ln( 2 )
DT50bio soil

.Faer
sed

degradation in surface waters
1 .10

khydr water

1 .10

kphoto water
kdeg water

10 .

1

d

10 .

d

1

khydr water

kdeg water = 2 10

10

d

kphoto water

kbio water

1

Atmosphere
calculation of CONjunge * SURFaer for the OPS-model
VPL

VP
exp 6.79. 1

MP
285.K

VP

wenn ( MP > 285.K , VPL, VP)

VP = 0.109 Pa
Fass aer

degradation in the atmosphere

product
VP product

Fass aer = 9.164 10

4

kdegair =0.433 h-1
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Distribution and Fate
d

Tag

Substance: 2,6-TDA
melting point:

MP

377.K

vapour pressure:

VP

0.029.Pa

water solubility:

SOL

part. coefficient octanol/water:

LOGPOW

moleculare weight:

MOLW

gas constant:

R

. .( mol.( K ) )
8.3143J

temperature:

T

.
293.15K

conc. of suspended matter
in the river:

SUSP water

density of the solid phase:

RHO solid

volume fraction water in susp. matter:

Fwater susp

0.9

volume fraction solids in susp.matter:

Fsolid susp

0.1

volume fraction of water in sediment:

Fwater sed

0.8

volume fraction of solids in sediment:

Fsolid sed

0.2

volume fraction of air in soil:

Fair soil

volume fraction of water in soil:

Fwater soil

0.2

volume fraction of solids in soil:

Fsolid soil

0.6

aerobic fraction of the sediment comp.:

Faer sed

0.1

product of CONjunge and SURFair:

product

4
10 .Pa

54000.mg .l

1

0.137
1
0.122.kg .mol

15.mg.l

1

1

3
2500.kg .m

0.2

distribution air/water: Henry-constant
HENRY

VP.MOLW
SOL

log

HENRY
3
1
Pa .m .mol

K air_water

HENRY= 6.552 10

5

3
1
Pa .m .mol

= 4.184

HENRY
R.T

K air_water = 2.688 10
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solid/water-partition ceefficient Kp
coefficient K comp_water

7805 l.kg

K OC

1

comp

and total compartment/water-partition

( measured )

Suspended matter
0.1.K OC

Kp susp

K susp_water

Fwater susp

Kp susp = 780.5 l.kg
Fsolid susp .Kp susp .RHO solid

1

K susp_water = 196.025

factor for the calculation of Clocalwater:
faktor

Kp susp .SUSP water

1

faktor = 1.012

Sediment
Kp sed

0.05.K OC

K sed_water

Fwater sed

Kp sed = 390.25 l.kg
Fsolid sed .Kp sed .RHO solid

1

K sed_water = 195.925

Soil
Kp soil

0.02.K OC

K soil_water

Fair soil .K air_water

Kp soil = 156.1 l.kg
Fwater soil

1

Fsolid soil .Kp soil .RHO solid
K soil_water = 234.35

Sludge
K p_sludge

0.37.K OC

3
K p_sludge = 2.888 10 l.kg
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Elimination in STPs
rate constant in STP: k =0 h -1

elimination P = f ( k, logpow, logH) = 0 %
fraction directed to surface water Fstp water= 100 %

biodegradation in different compartments

surface water
0 .d

kbio water

1

(cTGD, table 5)

soil
1000.d

DT50bio soil
kbio soil

ln( 2 )
DT50bio soil

kbio soil = 6.931 10

4

kbio sed = 6.931 10

5

d

1

d

1

sediment

kbio sed

ln( 2 )
DT50bio soil

.Faer
sed

degradation in surface waters
1 .10

khydr water

1 .10

kphoto water
kdeg water

10 .

1

d

10 .

d

1

khydr water

kdeg water = 2 10

10

d

kphoto water

kbio water

1

Atmosphere
calculation of CONjunge * SURFaer for the OPS-model
VPL

VP
exp 6.79. 1

MP
285.K

VP

wenn ( MP > 285.K , VPL, VP)

VP = 0.26 Pa
Fass aer

degradation in the atmosphere

product
VP product

Fass aer = 3.851 10

4

kdegair =0.433 h-1
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of the Risk Assessment Report

TDA
Continental and Regional Exposure

July 2003
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Calculation for 2,4-TDA

EUSES Full report Single substance

Printed on

7/1/03 1:04:40 PM

Study
Assessment types

2,4-TDA
1B

Explanation status column'O' = Output; 'D' = Default; 'S' = Set; 'I' = Imported

STUDY IDENTIFICATION
Study name

2,4-TDA

2,4-TDA

S

Study description

Regional

Regional

S

concentration concentration

PHYSICO-CHEMICAL PROPERTIES
Molecular weight
122.17

122.17
[g.mol-1]

Melting point
99

[oC]

99
S

Boiling point
288

[oC]

288
S

S

Vapour pressure at 25 [oC]
[Pa]
S

0.017

0.017

Octanol-water partition coefficient.
[log10]
S

0.074

0.074

208

CAS No 95-80-7

R064_0805_env_hh
28.05.2008
Water solubility
[mg.l-1]
S

3.8E+04

3.8E+04

RELEASE ESTIMATION

CONTINENTAL
Total continental emission to air
[kg.d-1]
O

0

Total continental emission to wastewater
[kg.yr-1]
S

0

3.392E+03

Total continental emission to surface water
[kg.yr-1]
S

0

158

Total continental emission to industrial soil
[kg.d-1]
O

0

0

Total continental emission to agricultural soil
[kg.d-1]
O

0

0

0

REGIONAL
Total regional emission to air
0
[kg.d-1]

0
O

Total regional emission to wastewater
376
[kg.yr-1]

S

Total regional emission to surface water
18
[kg.yr-1]

S

0

0

Total regional emission to industrial soil
[kg.d-1]
O

0

0

Total regional emission to agricultural soil
[kg.d-1]
O

0

0

DISTRIBUTION

PARTITION COEFFICIENTS
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SOLIDS WATER PARTITIONING
Organic carbon-water partition coefficient 1.44647
S

9.763E+03

Solids-water partition coefficient in soil
195
[l.kg-1]

0.0289
O

Solids-water partition coefficient in sediment
488
[l.kg-1]

0.0723
O

Solids-water partition coefficient suspended
976
[l.kg-1]

0.145
O

[l.kg-1]

matter
Solids-water partition coefficient in raw sewage
2.93E+03
[l.kg-1]
O

0.434

sludge
Solids-water partition coefficient in settled 0.434
[l.kg-1]
O

2.93E+03

sewage sludge
Solids-water partition coefficient in activated
3.61E+03
[l.kg-1]
O

0.535

sewage sludge
Solids-water partition coefficient in effluent
3.61E+03
[l.kg-1]
O

0.535

sewage sludge
Suspended matter-water partition coefficient
245
[m3.m-3]
O
Soil-water partition coefficient
293
[m3.m-3]

O

Sediment-water partition coefficient
245
[m3.m-3]

O

AIR-WATER
PARTICLES

PARTITIONING

Sub-cooled liquid vapour pressure
0.135
[Pa]

0.936

0.243

0.836

AND

ADSORPTION

TO

AEROSOL

0.135
O
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Fraction of chemical associated with aerosol
7.4E-04
[-]

7.4E-04
O

particles
Henry's law constant
5.47E-05
[Pa.m3.mol-1]

5.47E-05
O

Air-water partitioning coefficient
[m3.m-3]
O

2.31E-08

2.31E-08

BIOTA-WATER
Bioconcentration factor for aquatic biota
[l.kg-1]
O

1.41

1.41

DEGRADATION AND TRANSFORMATION RATES

ENVIRONMENTAL
Specific degradation rate constant with
[cm3.molec-1.s-1]
S

0

0

0

0

OH-radicals
Rate constant for degradation in air
[d-1]

S

Rate constant for hydrolysis in surface water
[d-1]
S

6.93147E-07 0

Rate constant for photolysis in surface water
[d-1]
S

6.93147E-07 0

Rate constant for biodegradation in surface water
[d-1]
S

4.62098E-03 0

Total rate constant for degradation in bulk 4.62E-03
O

0

[d-1]

surface water
Rate constant for biodegradation in bulk soil
6.9E-04
[d-1]
S

2.31049E-03

Total rate constant for degradation in bulk soil
6.9E-04
[d-1]
O

2.31E-03
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Rate constant for biodegradation in aerated 2.31049E-03
[d-1]
S

6.9E-04

sediment
Total rate constant for degradation in bulk 2.31E-04
[d-1]
O

6.9E-05

sediment

CONTINENTAL
Continental PEC in surface water (total)
2.52E-06
[mg.l-1]
O

0

Continental PEC in surface water (dissolved)
2.46E-06
[mg.l-1]
O

0

Continental PEC in air (total)
2.45E-15
[mg.m-3]
O

0

Continental PEC in agricultural soil (total)
[mg.kgwwt-1] O

0

Continental PEC in pore water of agricultural
4.93E-12
[mg.l-1]
O

8.49E-10

0

soils
Continental PEC in natural soil (total)
3.17E-09
[mg.kgwwt-1] O
Continental PEC in industrial soil (total)
[mg.kgwwt-1] O

0

0

Continental PEC in sediment (total)
8.77E-04
[mg.kgwwt-1] O

3.17E-09

0

REGIONAL
Regional PEC in surface water (total)
8.59E-06
[mg.l-1]
O
Regional PEC in surface water (dissolved)
[mg.l-1]
O
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Regional PEC in air (total)
8.36E-15
[mg.m-3]
O

0

Regional PEC in agricultural soil (total)
2.89E-09
[mg.kgwwt-1] O

0

Regional PEC in pore water of agricultural soils
1.68E-11
[mg.l-1]
O

0

Regional PEC in natural soil (total)
1.08E-08
[mg.kgwwt-1] O

0

Regional PEC in industrial soil (total)
O

0

1.08E-08

[mg.kgwwt-1]

Regional PEC in sediment (total)
O

0

2.93E-03

[mg.kgwwt-1]
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Calculation for 2,6-TDA
EUSES Full report

Printed on

Single substance

7/1/03 1:05:29 PM

Study

2,6-TDA

Assessment types

1B

Explanation status column'O' = Output; 'D' = Default; 'S' = Set; 'I' = Imported

Name

Reference

Value

Units

Status

STUDY
STUDY IDENTIFICATION
Study name

2,6-TDA

2,6-TDA

S

Study description

Regional

Regional

S

concentration concentration

PHYSICO-CHEMICAL PROPERTIES
Molecular weight
122.17

122.17
[g.mol-1]

S

Melting point
106

[oC]

106
S

Boiling point
289

[oC]

289
S

Vapour pressure at 25 [oC]
[Pa]
S

0.029

0.029

Octanol-water partition coefficient.
[log10]
S

-0.137

-0.137

Water solubility
[mg.l-1]
S

5.4E+04
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RELEASE ESTIMATION
CONTINENTAL
Total continental emission to air
[kg.d-1]
O

0

Total continental emission to wastewater
[kg.yr-1]
S

0

0

397

Total continental emission to surface water 0
[kg.yr-1]
S

40

Total continental emission to industrial soil 0
[kg.d-1]
O

0

Total continental emission to agricultural soil
[kg.d-1]
O

0

0

REGIONAL
Total regional emission to air
[kg.d-1]
O

0

Total regional emission to wastewater
[kg.yr-1]
S

0

45

Total regional emission to surface water
[kg.yr-1]
S

0

4

Total regional emission to industrial soil
[kg.d-1]
O

0

0

Total regional emission to agricultural soil 0
[kg.d-1]
O

0

0

DISTRIBUTION
PARTITION COEFFICIENTS
SOLIDS WATER PARTITIONING
Organic carbon-water partition coefficient 0.975889

7.805E+03

Solids-water partition coefficient in soil
156
[l.kg-1]

0.0195

S

O

Solids-water partition coefficient in sediment
390
[l.kg-1]
O
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Solids-water partition coefficient suspended
781
[l.kg-1]
O

0.0976

matter
Solids-water partition coefficient in raw sewage
2.34E+03
[l.kg-1]
O

0.293

sludge
Solids-water partition coefficient in settled 0.293
[l.kg-1]
O

2.34E+03

sewage sludge
Solids-water partition coefficient in activated
2.89E+03
[l.kg-1]
O

0.361

sewage sludge
Solids-water partition coefficient in effluent
2.89E+03
[l.kg-1]
O

0.361

sewage sludge
Suspended matter-water partition coefficient
196
[m3.m-3]
O
Soil-water partition coefficient
234
[m3.m-3]

O

Sediment-water partition coefficient
196
[m3.m-3]

O

AIR-WATER
PARTICLES

PARTITIONING

0.924

0.229

0.824

AND

ADSORPTION

Sub-cooled liquid vapour pressure
0.272
[Pa]

0.272
O

Fraction of chemical associated with aerosol
[-]
O

3.67E-04

TO

AEROSOL

3.67E-04

particles
Henry's law constant
6.56E-05
[Pa.m3.mol-1]

6.56E-05
O

Air-water partitioning coefficient
[m3.m-3]
O

2.77E-08
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BIOTA-WATER
Bioconcentration factor for aquatic biota
[l.kg-1]
O

1.41

1.41

DEGRADATION AND TRANSFORMATION RATES

ENVIRONMENTAL
Specific degradation rate constant with
[cm3.molec-1.s-1]
S

0

0

OH-radicals
Rate constant for degradation in air
0
[d-1]
S

0

Rate constant for hydrolysis in surface water
[d-1]
S

6.93147E-07 0

Rate constant for photolysis in surface water
[d-1]
S

6.93147E-07 0

Rate constant for biodegradation in surface water
[d-1]
S

4.62098E-03 0

Total rate constant for degradation in bulk
[d-1]
O

4.62E-03

0

surface water
Rate constant for biodegradation in bulk soil
6.9E-04
[d-1]
S

2.31049E-03

Total rate constant for degradation in bulk soil
6.9E-04
[d-1]
O

2.31E-03

Rate constant for biodegradation in aerated
[d-1]
S

2.31049E-03 6.9E-04

sediment
Total rate constant for degradation in bulk
[d-1]
O

2.31E-04

6.9E-05

sediment

CONTINENTAL
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Continental PEC in surface water (total)
5.3E-07
[mg.l-1]

0
O

Continental PEC in surface water (dissolved)
5.2E-07
[mg.l-1]
O

0

Continental PEC in air (total)
7.47E-16
[mg.m-3]
O

0

Continental PEC in agricultural soil (total)
[mg.kgwwt-1] O

0

Continental PEC in pore water of agricultural
1.55E-12
[mg.l-1]
O

2.14E-10

0

soils
Continental PEC in natural soil (total)
7.87E-10
[mg.kgwwt-1] O
Continental PEC in industrial soil (total)
[mg.kgwwt-1] O

0

0

Continental PEC in sediment (total)
1.47E-04
[mg.kgwwt-1] O

7.87E-10

0

REGIONAL
Regional PEC in surface water (total)
1.79E-06
[mg.l-1]
O
Regional PEC in surface water (dissolved)
[mg.l-1]
O

0

0

1.77E-06

Regional PEC in air (total)
2.51E-15
[mg.m-3]
O

0

Regional PEC in agricultural soil (total)
7.19E-10
[mg.kgwwt-1] O

0

Regional PEC in pore water of agricultural soils
5.22E-12
[mg.l-1]
O

0

Regional PEC in natural soil (total)
2.64E-09
[mg.kgwwt-1] O

0

Regional PEC in industrial soil (total)
2.64E-09
[mg.kgwwt-1] O

0

Regional PEC in sediment (total)
4.82E-04
[mg.kgwwt-1] O

0

218

CAS No 95-80-7

R064_0805_env_hh
28.05.2008

Appendix A III

of the Risk Assessment Report

TDA

Indirect exposure via the environment

July 2004
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Calculation for 2,4-TDA

INDIRECT EXPOSURE VIA THE ENVIRONMENT
( TGD On New and Existing Chemicals, chapter 2 )

Parameter [Unit]

Symbol

______________________________________________________________________________

Definitions ( for the use in this document )
definition of the unit 'kgbw' for body weight

kg bw

definition of the unit 'd' for day

d

1 .kg

1 .Tag
1 .. 2

scenario

local 1
regional 2

Constants
gas - constant R

R

1
1
8.314.J .K .mol

Defaults
volumefraction air in plant tissue
[-]

Fair plant

volumefraction water in plant tissue
[-]

Fwater plant

volumefraction lipids in plant tissue
[-]

Flipid plant

bulk density of plant tissue

RHO plant

[kg wet plant *mplant -3]
leaf surface area

0.3
0.65
0.01
3
700.kg .m

AREA plant

5 .m

2

[m 2]
conductance (0.001 m*s -1)

g plant

0.001.m.s

1

[m*d-1]
shoot volume

V leaf

3
0.002.m

[m 3]
transpiration stream

Q transp

3 3
1 .10 .m .d

1

[m 3*d-1]
correction exponent for differences
between plant lipids and octanol
[-]

b

growth rate constant for dilution by growth

kgrowth plant

0.95

0.035.d

1

[d-1]
pseudo-first order rate constant for metabolism in plants
[d-1]
pseudo-first order rate constant for photolysis in plants
[d-1]
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1
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0 .d
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concentration in meat and milk
daily intake of grass

67.6.kg .d

IC grass

[kgwet grass*d-1]
daily intake of soil

0.46.kg .d

IC soil

[kgwet soil*d-1]
daily intake of air

3
122.m .d

1

1

1

[m air 3 *d-1]

IC air

daily intake of drinkingwater

IC drw

55.l.d

IH drw

2 .l.d

IH fish

0.115.kg .d

IH stem

1.2.kg .d

IH root

0.384.kg .d

1

IH meat

0.301.kg .d

1

1

[l*d -1]

daily intake for human
daily intake for the several pathways
[kg chem *d-1] or [ m3* d-1]

IH milk

bioavailability through route of intake
[-]

BIO inh

0.75

BIO oral

1.0

average body weight of human
[kg]

BW

1

1

0.561.kg .d
3
20.m .d

IH air

222
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1
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Input
chemical properties

logK OW

octanol-water partitioning coefficient
[-]

K OW

Henry - partitioning coefficient

5
3
1
HENRY 5.458.10 .Pa .m .mol

0.074
logK OW

10

[Pa*m 3 *mol-1]
2.24.10

air-water partitioning coefficient
[-]

K air_water

fraction of the chemical associated
with aerosol particles
[-]

F ass_aer

half-life for biodegration in surface water
[d]

DT 50_bio_water

1.0.10

8

8

0 .d

environmental concentrations
. .l
0.0005mg

annual average local PEC in surface water (dissolved) PEClocal water_ann
[mgchem * l water-1]
annual average local PEC in air (total)

0 .mg .m

PEClocal air_ann

[mgchem * m air -3]

local PEC in grassland (total), averaged over 180 days PEClocal grassland
[mgchem * kgsoil -1]
local PEC in porewater of agriculture soil

3

0 .mg .kg

local PEC in porewater of grassland

local PEC in groundwater under agriculture soil

PEClocal grw

[mgchem * l water -1]
regional PEC in surface water (dissolved)

0 .mg .l

regional PEC in air (total)

PECregional air

[mgchem * m air -3]
regional PEC in agriculture soil (total)

5.4.10

PECregional agr_soil

1

1

6
5.46.10 .mg .l

PECregional water

[mgchem * l water-1]

1

0 .mg .l

PEClocal grassland_porew

[mgchem * lporewater -1]

1

0 .mg .l

PEClocal agr_soil_porew

[mgchem * lporewater -1]

1

15 .

mg.m

1

3

9
1.87.10 .mg.kg

1

[mgchem*kgsoil-1
regional PEC in porewater of agriculture soils

PECregional agr_soil_porew

1.1.10

11 .

mg.l

1

[mgchem*lwater-1
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Definition of the concentrations used for indirect exposure
C water

PEClocal water_ann

local

C air

C water

PEClocal air_ann

local

C grassland

C agr_porew

C grw

local

C grassland

PEClocal grassland_porew

regional

C grass_porew
C grw

PECregional agr_soil

regional

C agr_porew

PEClocal grw

local

PECregional air

regional

PEClocal agr_soil_porew

local

C grass_porew

C air

PEClocal grassland

local

PECregional water

regional

regional

regional

PECregional agr_soil_porew
PECregional agr_soil_porew

PECregional agr_soil_porew

bioconcentration in fish
bioconcentration factor for fish

5 l.kg

BCF fish

[m water 3 *kgchem -1]

1

modified equation for logKow > 6

C fish

0.278. logK OW

wenn logK OW > 6 ,

BCF fish

BCF fish .C water

scenario

3.38.logK OW

2

1
5.94 .l.kg , BCF fish

scenario

bioconcentration in plants
K plant_water

Fwater plant

Flipid plant .K OW

b

K plant_water .C agr_porew
Croot agr_plant

RHO plant

scenario
logK OW

TSCF

0.784.e

scenario

1.78

2

2.44

remark: for logKOW out of the range from -0.5 to 4.5
the TSCF is limited by the values for logK
TSCF
TSCF

= -0.5 resp. 4.5

wenn logK OW < 0.5, 0.903, TSCF
wenn logK OW > 4.5, 0.832, TSCF

K leaf_air
kelimplant
α

OW

Fair plant

K plant_water
K air_water

kmetab plant

AREA plant .g plant
K leaf_air.V leaf

kphoto plant
kelimplant

kgrowth plant
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β agr_plant

C agr_porew

scenario

β agr_plant
C leaf_crops

β grass_plant

C leaf_grass

1

.g
.
F ass_aer .C air
plant
scenario

AREA plant

.g
.
F ass_aer .C air
plant
scenario

AREA plant

V leaf

scenario

α .RHO plant

scenario

C grass_porew

scenario

Q
.TSCF. transp
scenario
V leaf

Q
.TSCF. transp
scenario
V leaf

1

V leaf

β grass_plant
scenario
α .RHO plant

scenario

purification of drinking water
system may defined dependent from the aerobic biodegradation
wenn DT 50_bio_water < 10.d , 0 , 1

system

select a column on dependence from log K OW
wenn logK OW < 4 , 0 , wenn logK OW > 5 , 2 , 1

FIndex

1

1

1

4 16

Fpur logKow
1

1

1

2

4

Fpur logKow
Fpur

system , FIndex

3
1
wenn HENRY> 100.Pa .m .mol , 2 , 1

.Fpur , C
.
wenn C grw
> C water
grwscenario, C waterscenario Fpur
scenario
scenario

C drw

scenario

Biotransfer to meat and milk

BTF meat

10

7.6

logK OW

.kg 1 .d

remark: for logKOW out of the range from 1.5 to 6.5
the BTF

meat

is limited by the values for logK OW = 1.5 resp. 6.5

BTF meat

7
1
wenn logK OW < 1.5, 7.943.10 .kg .d , BTF meat

BTF meat

. 1 .d , BTF
wenn logK OW > 6.5, 0.07943kg
meat

C meat

scenario

.IC
.
BTF meat . C leaf_grass
grass C grassland scenario IC soil ...
scenario
.IC
.
+ C air
air C drwscenario IC drw
scenario
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BTF milk

10

8.1

logK OW
.

1
kg .d

remark: for logKOW out of the range from 3 to 6.5
the BTF

milk

is limited by the values for logK OW = 1.5 resp. 6.5

BTF milk

6
1
wenn logK OW < 3 , 7.943.10 .kg .d , BTF milk

BTF milk

. 1 .d , BTF
wenn logK OW > 6.5, 0.02512kg
milk

C milk

scenario

.IC
.
BTF milk. C leaf_grass
grass C grassland scenario IC soil ...
scenario
.IC
.
+ C air
air C drwscenario IC drw
scenario
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total daily intake for human
daily dose through intake of several pathways
[kg chem *kgbw-1*d-1]
.IH
drw

C drw
DOSE drw

.IH
stem
DOSE root

C fish

scenario

DOSE milk

BW

scenario

.IH
milk

C milk

scenario

.IH
root

scenario

BW

scenario

.IH
meat

C meat

DOSE fish

Croot agr_plant

scenario

BW

scenario

DOSE meat

BW .BIO oral

scenario

C leaf_crops
DOSE stem

scenario

DOSE air

BW

scenario

.IH .BIO
air
inh

C air

scenario

BW

scenario

.IH
fish

scenario

BW

scenario

total daily intake for human
total daily intake for human as sum of each pathway
[kg chem *kgbw-1*d-1]
DOSE tot

scenario

DOSE drw

scenario

DOSE fish

+ DOSE meat

scenario

scenario

DOSE stem

DOSE milk

DOSE root

scenario

...
scenario

DOSE air

scenario

scenario

relative doses of specific different pathway (%)
.100.%

DOSE drw

scenario

RDOSE drw

scenario

DOSE tot
DOSE stem

RDOSE stem

scenario

scenario

.100.%

DOSE tot

scenario

DOSE tot
DOSE fish

RDOSE fish

scenario

scenario

.100.%

scenario

DOSE tot
DOSE root

RDOSE root

scenario

DOSE meat
RDOSE meat

scenario

scenario

scenario

.100.%

DOSE air
RDOSE air

scenario

.100.%
scenario

DOSE tot
DOSE milk

RDOSE milk

scenario

scenario

scenario

.100.%

scenario

DOSE tot

scenario

.100.%
scenario

DOSE tot

scenario
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Results of calculation
DOSEtot

−5

local

RDOSEdrw

= 1.83947× 10

local

RDOSEair

local

RDOSEstem
RDOSEroot

mg

DOSEtot

kgbw⋅ d

= 77.662115%

RDOSEdrw

= 0%

local

local

RDOSEair

= 0%

RDOSEroot
−4

RDOSEmilk

= 9.516765× 10

RDOSEfish

= 22.327858%

local

local

−3

kgbw⋅ d

= 77.661538%
−7

regional

RDOSEstem

= 5.106143× 10

= 5.760609× 10

%

−4

regional

= 7.130201× 10

−5

= 2.839931× 10

regional

RDOSEmeat

%

RDOSEmilk

= 9.5169× 10

RDOSEfish

= 22.327692%

regional

regional

regional

−3

%

%

−4

= 5.106216× 10

%

228

mg

= 2.008716× 10

regional

= 0%

RDOSEmeat

local

−7

regional

%

%
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6.1

CALCULATION FOR 2,6-TDA
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INDIRECT EXPOSURE VIA THE ENVIRONMENT
( TGD On New and Existing Chemicals, chapter 2 )

Parameter [Unit]

Symbol

______________________________________________________________________________

Definitions ( for the use in this document )
definition of the unit 'kgbw' for body weight

kg bw

definition of the unit 'd' for day

d

1 .kg

1 .Tag
1 .. 2

scenario

local 1
regional 2

Constants
gas - constant R

R

1
1
8.314.J .K .mol

Defaults
volumefraction air in plant tissue
[-]

Fair plant

volumefraction water in plant tissue
[-]

Fwater plant

volumefraction lipids in plant tissue
[-]

Flipid plant

bulk density of plant tissue

RHO plant

[kg wet plant *mplant -3]
leaf surface area

0.3
0.65
0.01
3
700.kg .m

AREA plant

5 .m

2

[m 2]
conductance (0.001 m*s -1)

g plant

0.001.m.s

1

[m*d-1]
shoot volume

V leaf

3
0.002.m

[m 3]
transpiration stream

Q transp

3 3
1 .10 .m .d

1

[m 3*d-1]
correction exponent for differences
between plant lipids and octanol
[-]

b

growth rate constant for dilution by growth

kgrowth plant

0.95

0.035.d

1

[d-1]
pseudo-first order rate constant for metabolism in plants
[d-1]
pseudo-first order rate constant for photolysis in plants
[d-1]
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0 .d
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concentration in meat and milk
daily intake of grass

67.6.kg .d

IC grass

[kgwet grass*d-1]
daily intake of soil

0.46.kg .d

IC soil

[kgwet soil*d-1]
daily intake of air

3
122.m .d

1

1

1

[m air 3 *d-1]

IC air

daily intake of drinkingwater

IC drw

55.l.d

IH drw

2 .l.d

IH fish

0.115.kg .d

IH stem

1.2.kg .d

IH root

0.384.kg .d

1

IH meat

0.301.kg .d

1

1

[l*d -1]
daily intake for human
daily intake for the several pathways
[kg chem *d-1] or [ m3* d-1]

IH milk

bioavailability through route of intake
[-]

BIO inh

0.75

BIO oral

1.0

average body weight of human
[kg]

BW

1

1

0.561.kg .d
3
20.m .d

IH air
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Input
chemical properties

logK OW

octanol-water partitioning coefficient
[-]

K OW

Henry - partitioning coefficient

5
3
1
HENRY 6.55.10 .Pa .m .mol

0.137
logK OW

10

[Pa*m 3 *mol-1]
2.688.10

air-water partitioning coefficient
[-]

K air_water

fraction of the chemical associated
with aerosol particles
[-]

F ass_aer

half-life for biodegration in surface water
[d]

DT 50_bio_water

1.0.10

8

8

0 .d

environmental concentrations
. .l
0.00021mg

annual average local PEC in surface water (dissolved) PEClocal water_ann
[mgchem * l water-1]
annual average local PEC in air (total)

0 .mg .m

PEClocal air_ann

[mgchem * m air -3]

local PEC in grassland (total), averaged over 180 days PEClocal grassland
[mgchem * kgsoil -1]
local PEC in porewater of agriculture soil
[mgchem * lporewater -1]
local PEC in porewater of grassland

3

0 .mg .kg

local PEC in groundwater under agriculture soil

PEClocal grw

[mgchem * l water -1]
regional PEC in surface water (dissolved)

0 .mg .l

regional PEC in air (total)

PECregional air

[mgchem * m air -3]
regional PEC in agriculture soil (total)

2.51.10

PECregional agr_soil

1

1

6
1.77.10 .mg .l

PECregional water

[mgchem * l water-1]

1

0 .mg .l

PEClocal grassland_porew

[mgchem * lporewater -1]

1

0 .mg.l

PEClocal agr_soil_porew

1

15 .

mg.m

7.19.10

1

3

10 .

mg .kg

1

[mgchem*kgsoil-1
regional PEC in porewater of agriculture soils

PECregional agr_soil_porew

5.22.10

12 .

mg.l

1

[mgchem*lwater-1
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Definition of the concentrations used for indirect exposure
C water

PEClocal water_ann

local

C air

C water

PEClocal air_ann

local

C grassland

C agr_porew

C grw

local

C grassland

PEClocal grassland_porew

regional

C grass_porew
C grw

PECregional agr_soil

regional

C agr_porew

PEClocal grw

local

PECregional air

regional

PEClocal agr_soil_porew

local

C grass_porew

C air

PEClocal grassland

local

PECregional water

regional

regional

regional

PECregional agr_soil_porew
PECregional agr_soil_porew

PECregional agr_soil_porew

bioconcentration in fish
bioconcentration factor for fish

5 l.kg

BCF fish

[m water 3 *kgchem -1]

1

modified equation for logKow > 6

C fish

0.278. logK OW

wenn logK OW > 6 ,

BCF fish

BCF fish .C water

scenario

3.38.logK OW

2

1
5.94 .l.kg , BCF fish

scenario

bioconcentration in plants
K plant_water

Fwater plant

Flipid plant .K OW

b

K plant_water .C agr_porew
Croot agr_plant

RHO plant

scenario
logK OW

TSCF

0.784.e

scenario

1.78

2

2.44

remark: for logKOW out of the range from -0.5 to 4.5
the TSCF is limited by the values for logK
TSCF
TSCF

= -0.5 resp. 4.5

wenn logK OW < 0.5, 0.903, TSCF
wenn logK OW > 4.5, 0.832, TSCF

K leaf_air
kelimplant
α

OW

Fair plant

K plant_water
K air_water

kmetab plant

AREA plant .g plant
K leaf_air.V leaf

kphoto plant
kelimplant

kgrowth plant
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β agr_plant

C agr_porew

scenario

β agr_plant
C leaf_crops

β grass_plant

C leaf_grass

1

.g
.
F ass_aer .C air
plant
scenario

AREA plant

.g
.
F ass_aer .C air
plant
scenario

AREA plant

V leaf

scenario

α .RHO plant

scenario

C grass_porew

scenario

Q
.TSCF. transp
scenario
V leaf

Q
.TSCF. transp
scenario
V leaf

1

V leaf

β grass_plant
scenario
α .RHO plant

scenario

purification of drinking water
system may defined dependent from the aerobic biodegradation
wenn DT 50_bio_water < 10.d , 0 , 1

system

select a column on dependence from log K OW
wenn logK OW < 4 , 0 , wenn logK OW > 5 , 2 , 1

FIndex

1

1

1

4 16

Fpur logKow
1

1

1

2

4

Fpur logKow
Fpur

system , FIndex

3
1
wenn HENRY> 100.Pa .m .mol , 2 , 1

C drw

> C water

wenn C grw

scenario

scenario

.Fpur , C
grw

scenario

, C water

scenario

.Fpur
scenario

Biotransfer to meat and milk

BTF meat

10

7.6

logK OW

.kg 1 .d

remark: for logKOW out of the range from 1.5 to 6.5
the BTF

meat

is limited by the values for logK OW = 1.5 resp. 6.5

BTF meat

7
1
wenn logK OW < 1.5, 7.943.10 .kg .d , BTF meat

BTF meat

. 1 .d , BTF
wenn logK OW > 6.5, 0.07943kg
meat

C meat

scenario

BTF meat . C leaf_grass
+ C air

.IC
grass

scenario

.IC
air

scenario

C drw

C grassland
.IC
drw

.IC
soil ...

scenario

scenario
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BTF milk

10

8.1

logK OW
.

1
kg .d

remark: for logKOW out of the range from 3 to 6.5
the BTF

milk

is limited by the values for logK OW = 1.5 resp. 6.5

BTF milk

6
1
wenn logK OW < 3 , 7.943.10 .kg .d , BTF milk

BTF milk

. 1 .d , BTF
wenn logK OW > 6.5, 0.02512kg
milk

C milk

scenario

.IC
.
BTF milk. C leaf_grass
grass C grassland scenario IC soil ...
scenario
.IC
.
+ C air
air C drwscenario IC drw
scenario
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total daily intake for human
daily dose through intake of several pathways
[kg chem *kgbw-1*d-1]
.IH
drw

C drw
DOSE drw

.IH
stem
DOSE root

C fish

scenario

DOSE milk

BW

scenario

.IH
milk

C milk

scenario

.IH
root

scenario

BW

scenario

.IH
meat

C meat

DOSE fish

Croot agr_plant

scenario

BW

scenario

DOSE meat

BW .BIO oral

scenario

C leaf_crops
DOSE stem

scenario

DOSE air

BW

scenario

.IH .BIO
air
inh

C air

scenario

BW

scenario

.IH
fish

scenario

BW

scenario

total daily intake for human
total daily intake for human as sum of each pathway
[kg chem *kgbw-1*d-1]
DOSE tot

scenario

DOSE drw

scenario

DOSE fish

+ DOSE meat

scenario

scenario

DOSE stem

DOSE milk

DOSE root

scenario

...
scenario

DOSE air

scenario

scenario

relative doses of specific different pathway (%)
.100.%

DOSE drw

scenario

RDOSE drw

scenario

DOSE tot
DOSE stem

RDOSE stem

scenario

scenario

.100.%

DOSE tot

scenario

DOSE tot
DOSE fish

RDOSE fish

scenario

scenario

.100.%

scenario

DOSE tot
DOSE root

RDOSE root

scenario

DOSE meat
RDOSE meat

scenario

scenario

scenario

.100.%

DOSE air
RDOSE air

scenario

.100.%
scenario

DOSE tot
DOSE milk

RDOSE milk

scenario

scenario

scenario

.100.%

scenario

DOSE tot

scenario

.100.%
scenario

DOSE tot

scenario
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Results of calculation
DOSEtot

−6

local

RDOSEdrw

local

RDOSEair

local

RDOSEstem
RDOSEroot

mg

= 7.725775× 10

DOSEtot

kgbw⋅ d

= 77.662115%

local

RDOSEair

RDOSEroot

RDOSEmilk

= 9.516765× 10

RDOSEfish

= 22.327858%

local

regional

= 0%
−4

−3

kgbw⋅ d

= 77.661418%

= 8.259753× 10

%

−4

regional

= 8.545521× 10

−5

= 4.129927× 10

regional

−4

= 5.10623× 10

%

RDOSEmeat

%

RDOSEmilk

= 9.516926× 10

RDOSEfish

= 22.327658%

regional

regional
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mg

−7

RDOSEstem

= 5.106143× 10

local

regional

= 0%

RDOSEmeat

local

regional

RDOSEdrw

= 0%

local

−8

= 6.511783× 10

regional

%

%

%

−3

%
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The report provides the comprehensive risk assessment of the substance toluene-2,4diamine. It has been prepared by Germany in the frame of Council Regulation (EEC) No.
793/93 on the evaluation and control of the risks of existing substances, following the
principles for assessment of the risks to man and the environment, laid down in Commission
Regulation (EC) No. 1488/94.
The evaluation considers the emissions and the resulting exposure to the environment and
the human populations in all life cycle steps. Following the exposure assessment, the
environmental risk characterisation for each protection goal in the aquatic, terrestrial and
atmospheric compartment has been determined.
Further information is needed before conclusions can be drawn regarding the aquatic
compartment and the functioning of waste water treatment plants in relation to the
processing of the substance to dyes. Since it is no longer possible to submit this information
under the Existing Substances Regulation it is proposed to consider the substance further
under the REACH regulation. There is no concern for the aquatic compartment from
production and other uses of the substance. There is also no concern from the production
and use of the substance for the atmosphere and the terrestrial environment.
For human health the scenarios for occupational exposure, consumer exposure and humans
exposed via the environment have been examined and the possible risks have been
identified. The human health risk assessment concludes that there is concern for workers
and for humans exposed via the environment with regard to mutagenicity (somatic cell
mutagenicity) and carcinogencity and for workers with regard to skin sensitisation.There is a
need for further information and/or testing (on hold) for mutagenicity (germ cell mutagenicity)
and developmental toxicity for workers and humans exposed via the environment. There is
no concern for consumers (no exposure) and for human health (physico-chemical
properties).
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