
ortho-TOLUIDINE 

This substance was considered by previous working groups, in June 1977 (IARC,
1978), February 1981 (IARC, 1982) and March 1987 (IARC, 1987a). Since that time,
new data have become available, and these have been incorporated in the monograph
and taken into consideration in the evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature

ortho-Toluidine

Chem. Abstr. Serv. Reg. No.: 95-53-4
Chem. Abstr. Name: 2-Methylbenzenamine
IUPAC Systematic Name: ortho-Toluidine
Synonyms: 1-Amino-2-methylbenzene; 2-amino-1-methylbenzene; 2-amino-
toluene; ortho-aminotoluene; 2-methyl-1-aminobenzene; 2-methylaniline; ortho-
methylaniline; ortho-methylbenzenamine; 2-methylphenylamine; ortho-tolylamine

ortho-Toluidine hydrochloride

Chem. Abstr. Serv. Reg. No.: 636-21-5
Chem. Abstr. Name: 2-Methylbenzenamine hydrochloride
IUPAC Systematic Name: ortho-Toluidine hydrochloride
Synonyms: 1-Amino-2-methylbenzene hydrochloride; 2-amino-1-methylbenzene
hydrochloride; 2-aminotoluene hydrochloride; ortho-aminotoluene hydrochloride;
2-methyl-1-aminobenzene hydrochloride; 2-methylaniline hydrochloride; ortho-
methylaniline hydrochloride; ortho-methylbenzenamine hydrochloride; 2-methyl-
phenylamine hydrochloride; ortho-tolylamine hydrochloride
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1.1.2 Structural and molecular formulae and relative molecular mass

ortho-Toluidine

C7H9N Relative molecular mass: 107.16

ortho-Toluidine hydrochloride

C7H9N.HCl Relative molecular mass: 143.62

1.1.3 Chemical and physical properties of the pure substances

ortho-Toluidine

(a) Description: Colourless to light yellow liquid becoming reddish brown on
exposure to air and light (Verschueren, 1996; Budavari, 1998)

(b) Boiling-point: 200.3 °C (Lide & Milne, 1996)
(c) Melting-point: –16.3 °C (Lide & Milne, 1996)
(d) Density: 0.9984 g/cm3 at 20 °C (Lide & Milne, 1996)
(e) Spectroscopy data: Infrared (prism [1543]; grating [8160]), ultraviolet [442],

nuclear magnetic resonance (proton [107]; C-13 [225]) and mass spectral
data have been reported (Sadtler Research Laboratories, 1980; Lide & Milne,
1996)

(f) Solubility: Slightly soluble in water (15 mg/L at 25 °C) (Verschueren, 1996);
miscible with carbon tetrachloride, diethyl ether and ethanol (Lide & Milne,
1996)

(g) Volatility: Vapour pressure, 0.013 kPa at 20 °C; relative vapour density
(air = 1), 3.72 (Verschueren, 1996)

(h) Stability: Flash-point (closed cup), 85 °C; oxidizes with prolonged exposure
to air and light (Budavari, 1998)

(i) Octanol/water partition coefficient (P): log P, 1.32 (Hansch et al., 1995)
(j) Conversion factor1: mg/m3 = 4.38 × ppm
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1 Calculated from: mg/m3 = (relative molecular mass/24.45) × ppm, assuming a temperature of 25 °C and
a pressure of 101 kPa



ortho-Toluidine hydrochloride

From IARC (1982), National Toxicology Program (1991), New Jersey Department
of Health and Senior Services (1994) and Chemfinder (2000), except where otherwise
indicated.

(a) Description: Colourless to white crystalline solid
(b) Boiling-point: 242.2 °C
(c) Melting-point: 215 °C
(d) Spectroscopy data: Infrared (prism [6330]; grating [29769], ultraviolet [1740],

nuclear magnetic resonance (proton [10946]) (Sadtler Research Laboratories,
1980) and mass spectral data (Mass Spectrometry Data Centre, 1974) have
been reported.

(e) Solubility: Very soluble in water (< 1 g/L at 22 °C); soluble in ethanol and
dimethyl sulfoxide; insoluble in benzene, and diethyl ether

(f) Volatility: Vapour pressure, 0.13 kPa at 43.9 °C
(g) Stability: Sensitive to exposure to light and moisture
(h) Conversion factor: mg/m3 = 5.87 × ppm 

1.1.4 Technical products and impurities

ortho-Toluidine from one source is available with the following specifications:
purity, 99.5% min.; meta-toluidine, 0.4% max.; para-toluidine, 0.1% max; sum of
meta- and para-toluidine, 0.5% max.; and water, 0.1% max. (Bayer Organic
Chemicals, 1995). ortho-Toluidine hydrochloride is available from another source as
98% pure (Chemfinder, 2000).

1.1.5 Analysis

Selected methods for the analysis of ortho-toluidine in various matrices are given
in Table 1.

ortho-Toluidine has also been determined in biological samples (urine, blood) as the
free amine or in derivatized form by gas chromatography (GC) or high-performance
liquid chromatography with electrochemical or electron capture detection (El-Bayoumy
et al., 1986; Teass et al., 1993; Brown et al., 1995; Riffelmann et al., 1995; Ward et al.,
1996). Food and beverage samples have been analysed by GC with flame ionization
detection or mass spectrometry (Vitzthum et al., 1975; Neurath et al., 1977).

1.2 Production

Reacting ortho-chlorotoluene with sodium in liquid ammonia generates a mixture
of 67% ortho-toluidine and 33% meta-toluidine (Lin & Krishnamurti, 1993). ortho-
Toluidine can also be produced by reduction of ortho-nitrotoluene or obtained mixed
with para-toluidine by reduction of crude nitrotoluene (Lewis, 1993).
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ortho-Toluidine was first produced commercially in the United Kingdom in 1880. It
has been produced commercially in the United States for over 70 years and commercial
production of the hydrochloride salt was first reported in 1956. Production of ortho-
toluidine in the United States in the late 1970s was reported to range from 500 to 5000
tonnes per year (IARC, 1982); production ranged from 6600 to 12 800 tonnes in the
early 1990s (Environmental Protection Agency, 1999b).

Information available in 1999 indicated that ortho-toluidine was manufactured by 16
companies in China, 11 companies in India, six companies in the United States, three
companies each in Germany and Russia, two companies each in Japan and Poland, and
one company each in Brazil, France, Italy, Mexico, Romania and Spain, and that ortho-
toluidine hydrochloride was manufactured by one company each in Germany and India
(Chemical Information Services, 1999).
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Table 1. Selected methods for the analysis of ortho-toluidine

Sample matrix Sample preparation Assay
procedure

Limit of detection Reference

Air Adsorb (silica gel);
desorb (ethanol)

GC/FID 0.01 mg/sample Eller (1994)
[Method 2002]

Wastewater,
municipal and
industrial

Add isotope-labelled
analogue; extract with
dichloromethane; dry
over sodium sulfate;
concentrate

GC/MS 10 μg/L Environmental
Protection Agency
(1999a)
[Method 1625]

Solid waste
matrices

Concentrate by
azeotropic distillation

GC/MS 13 μg/L Environmental
Protection Agency
(1996a)
[Method 8260B]

Air sampling
media, water
samples, solid
waste matrices,
soil samples

Liquid–liquid
extraction or water
dilution

GC/MS 10 μg/L (aqueous)
(EQL)

Environmental
Protection Agency
(1996b)
[Method 8270C]

Ground and
surface water

Solvent extraction or
direct injection

GC/FID NR Environmental
Protection Agency
(1996c)
[Method 8015B]

GC, gas chromatography; FID, flame ionization detector; MS, mass spectrometry; EQL, estimated
quantitation limit (the EQL of Method 8270 for determining an individual compound is approxi-
mately 660 μg/kg (wet weight) for soil/sediment samples, 1–200 mg/kg for wastes (dependent on
matrix and method of preparation), and 10 μg/L for groundwater samples); NR, not reported



1.3 Use

The major uses of ortho-toluidine and its hydrochloride salt are as intermediates in
the manufacture of over 90 dyes and pigments, including acid-fast dyestuffs, optical
brighteners, synthetic rubber and rubber chemicals, pharmaceuticals and pesticides
(IARC, 1982; Bayer Organic Chemicals, 1995; American Conference of Governmental
Industrial Hygienists, 1999).

1.4 Occurrence

1.4.1 Natural occurrence

ortho-Toluidine has been detected in tea (Vitzthum et al., 1975) and possibly in
some fresh vegetables (Neurath et al., 1977).

1.4.2 Occupational exposure

According to the 1981–83 National Occupational Exposure Survey (NOES, 1999),
as many as 30 000 workers in the United States were potentially exposed to ortho-
toluidine and its hydrochloride salt (see General Remarks). Occupational groups
included workers in the chemical industry, laboratory workers, machine operators and
cleaners and janitors. Ninety laboratory workers, health-care workers and university
teachers were identified as exposed to ortho-toluidine or its salts in the Finnish Register
of Employees Exposed to Carcinogens in 1997 (Savela et al., 1999). National estimates
of workers exposed were not available from other countries. 

In the former USSR (Khlebnikova et al., 1970), workers at a plant manufacturing
ortho-toluidine from ortho-nitrotoluene were exposed to concentrations of ortho-
toluidine in the air (n = 215) generally exceeding the maximum permissible concen-
trations [of 3 mg/m3, IARC, 1982] by 2–7 times . The highest airborne exposure levels
were observed during distillation and extraction processes (25–28.6 mg/m3). Con-
currently, ortho-nitrotoluene levels in the air in 80–90% of the samples exceeded the
maximum permissible concentration of 1 mg/m3; levels up to approximately 5 mg/m3

were also reported (the highest levels were observed during extraction and heating of
the reduction reaction). Dermal deposition of 0.01–0.03 mg ortho-toluidine per square
decimetre of skin was measured by collecting 1% acetic acid washes from wrists, chest
and back of individuals at the end of work-shifts (n = 168). After post-shift showers,
dermal levels of ortho-toluidine decreased by a factor of 10. Patches of cloth placed on
the workers’ overalls collected about 0.10 mg ortho-toluidine per square decimetre
(n = 46).

Measurements in the 1940s in a United States dye production plant indicated that
the concentration of ortho-toluidine was < 0.5 ppm [2.19 mg/m3] in the workroom air
in the breathing zone and area samples and from < 0.3 ppm to 1.7 (mg/L) ppm in the
urine of workers engaged in the production of thioindigo. In addition to inhalatory

ortho-TOLUIDINE 271



exposure, there was concern about exposure from ingestion and skin contact (Ott &
Langner, 1983). 

Exposure to ortho-toluidine was reported to occur in an Italian plant producing
fuchsin (magenta) and safranine T-based dyes (Rubino et al., 1982), in a German plant
producing 4-chloro-ortho-toluidine (Stasik, 1988) and in a plant producing rubber
chemicals in the United Kingdom (Sorahan et al., 2000), but no data on exposure
levels were provided.

ortho-Toluidine, aniline, hydroquinone and toluene were used to synthesize a rubber
antioxidant in a United States chemical plant. Despite low air concentrations (< 1 ppm)
[4.38 mg/m3], elevated levels of ortho-toluidine were detected in the urine of exposed
workers (mean, 104 μg/L post-shift), suggesting dermal exposure, in measurements
carried out in 1990 (Ward et al., 1991; Teass et al., 1993). A more recent exposure study
showed similar levels of ortho-toluidine (mean, 99 μg/L post-shift) in the urine of
workers in the rubber chemicals department of the plant. Exposed workers also had
significantly increased levels of ortho-toluidine–haemoglobin adducts in blood (Ward
et al., 1996) (see Section 2.2 for further details). 

1.4.3 Environmental occurrence

The production of ortho-toluidine and its use as an intermediate in the production of
dyes and pigments, rubber chemicals and other products may result in its release to the
environment through various waste streams. The primary routes of potential human
exposure to ortho-toluidine and its hydrochloride salt are inhalation and dermal contact.
Consumer exposure may occur from residues present in commercial dyes and on textiles
and via smoking (IARC, 1982; Department of Health and Human Services, 1982; Envi-
ronmental Protection Agency, 1984, 1997; Department of Health and Human Services,
1999).

(a) Air
According to the Toxics Release Inventory (Environmental Protection Agency,

1997), air emissions of ortho-toluidine from 23 industrial facilities were approximately
5260 kg in 1995 in the United States.

(b) Water
Surface water discharges of ortho-toluidine from 23 industrial facilities in the

United States in 1995 amounted to 116 kg, as reported in the Toxics Release Inventory
(Environmental Protection Agency, 1997), reduced from a value of 242 kg in 1994
(Environmental Protection Agency, 1996d).

ortho-Toluidine has been reported in surface water samples taken from three rivers
in Germany at levels of 0.3–1 μg/L (Neurath et al., 1977).

ortho-Toluidine has been identified in one secondary effluent from seven industrial
and publicly owned treatment works (Ellis et al., 1982) and in wastewaters from
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synthetic fuel production (Leenheer et al., 1982; Stuermer et al., 1982). It has also been
detected in effluents from refineries and chemical production facilities, in process water,
river water, groundwater and seawater in the United States (Shackelford & Keith, 1976;
Environmental Protection Agency, 1984; Department of Health and Human Services,
1999).

(c) Soil
Soil discharges of ortho-toluidine from 23 industrial facilities in 1995 in the United

States amounted to only 5.5 kilogrammes, as reported in the Toxics Release Inventory
(Environmental Protection Agency, 1997). Additionally, an estimated 10 000 kg of
ortho-toluidine were released via underground injection.

(d) Food and beverages
Unspecified isomers of toluidine were found in samples of kale and celery

(1.1 mg/kg) and carrots (7.2 mg/kg) (Neurath et al., 1977). ortho-Toluidine has been
identified in the volatile aroma components of black tea (Vitzthum et al., 1975).

(e) Tobacco smoke
ortho-Toluidine has been reported to be present in mainstream cigarette smoke at

32–162 ng per cigarette and at 3 μg per cigarette in sidestream smoke (IARC, 1986).
ortho-Toluidine was identified in the urine of both smokers and nonsmokers at

levels of 6.3 ± 3.7 μg/24 h in all 10 subjects tested and 4.1 ± 3.2 μg/24 h in all nine
subjects tested, respectively, suggesting that sources other than cigarette smoke contri-
bute significantly to ortho-toluidine exposures (El-Bayoumy et al., 1986). In a biolo-
gical monitoring study of occupationally exposed workers, significantly higher concen-
trations of ortho-toluidine were also found in the urine of smokers (1.7 ± 1.6 μg/L) who
were in the control (non-exposed) study group, in comparison with nonsmokers
(0.0 ± 0.0 μg/L) in control groups (Riffelmann et al., 1995).

1.5 Regulations and guidelines

Occupational exposure limits and guidelines for ortho-toluidine are presented in
Table 2.
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Table 2. Occupational exposure limits and guidelines for ortho-toluidinea

Country Year Concentration (mg/ m3) Interpretationb

Australia 1993 9 (sk, ca) TWA
Belgium 1993 9 (sk, ca) TWA
Canada 1994 9 (sk, susp.h.ca) TWA
Czech Republic 1993 5

20
TWA
STEL

Denmark 1993 9 (sk, ca) TWA
Finland 1998 22 (sk)

44
TWA
Ceiling

France 1993 9 (ca) TWA
Germany 1999 (2, sk), 0.5 TRK
Ireland 1997 9 (sk) TWA
Japan 1998 4.4 (sk, ca) TWA
Philippines 1993 22 (sk) TWA
Poland 1998 3 (sk)

9
TWA
STEL

Russian Federation 1993 0.5 (sk, ca)
1

TWA
STEL

Sweden 1993 none (ca)
Switzerland 1993 9 (sk, ca) TWA
Turkey 1993 22 (sk) TWA
United Kingdom 1993 0.9 (sk) TWA
United States
  ACGIHc

  NIOSH
  OSHA

1999
1999
1999

9 (sk, A3)
lfc (sk, ca)
22 (sk)

TWA
TWA
TWA

a From Finnish Ministry of Social Affairs and Health (1998); American Conference of Govern-
mental Industrial Hygienists (ACGIH) (1999); Deutsche Forschungsgemeinschaft (1999);
United Nations Environment Programme (1999); Occupational Safety and Health Adminis-
tration (OSHA) (1999)
b TWA, time-weighted average; STEL, short-term exposure limit; 2 (Germany), Substances
that are considered to be carcinogenic for man because sufficient data from long-term animal
studies or limited evidence from animal studies substantiated by evidence from epidemio-
logical studies indicate that they can make a significant contribution to cancer risk. Limited
data from animal studies can be supported by evidence that the substance causes cancer by a
mode of action that is relevant to man and by results of in vitro tests and short-term animal
studies; TRK (Germany), technical exposure limit; A3 (ACGIH), confirmed animal carcinogen
with unknown relevance to humans; ca, carcinogen; lfc, lowest feasible concentration; sk, skin
notation; susp.h.ca, suspected human carcinogen
c These countries follow the recommendations of the ACGIH threshold limit values: Bulgaria,
Colombia, Jordan, Republic of Korea, New Zealand, Singapore and Viet Nam.



2. Studies of Cancer in Humans

2.1 Case reports

One case report pertaining to ortho-toluidine has been published since the previous
review (IARC, 1982). Conso and Pontal (1982) reported three cases of bladder cancer
occurring among 50 workers employed in a factory where para-toluenediamine (IARC,
1987b) was synthesized from ortho-toluidine and ortho-aminoazotoluene (see IARC,
1987c). [The Working Group noted that although a formal estimate of expected numbers
of bladder cancer cases was not provided, three bladder cancers among 50 persons is
likely to represent a substantial excess. The relationship of these bladder cancers to
ortho-toluidine exposure cannot be determined because of co-exposure to ortho-amino-
azotoluene, which has been classified as possibly carcinogenic to humans (IARC, 1975,
1987c).]

2.2 Cohort studies (see Table 3)

Among the epidemiological studies of cancer in humans identified in the previous
IARC review (1982), only the study by Rubino et al. (1982) provides adequate
information on the study population and methods. In that study, 906 men first
employed in a dyestuff factory in northern Italy between 1922 and 1970 were
followed from 1946 to 1976. Mortality was compared with that of the Italian male
population as a whole. Follow-up was 95.8% complete and, among those traced (868),
260 (30%) had died. Thirty-six deaths from urinary bladder cancer were observed,
with 1.23 expected. Thirty-one of these deaths occurred among 610 men with
exposure to benzidine, 1-naphthylamine, 2-naphthylamine or several of these, but five
(with 0.08 expected) occurred among 53 men engaged solely in the manufacture of
fuchsin (magenta; see IARC, 1993) and safranine T, involving exposure either to a
combination of toluene, ortho-nitrotoluene, ortho-toluidine and 4,4′-methylene bis(2-
methylaniline) (three deaths from bladder cancer) or to a combination of ortho-
toluidine, 4,4′-methylene bis(2-methylaniline), ortho-nitrotoluene, 2,5-diamino-
toluene, ortho-aminoazotoluene, aniline, fuchsin and safranine T (two deaths from
bladder cancer). The standardized mortality ratio (SMR) for bladder cancer in this
group was 62.5 [95% confidence interval (CI), 20.3–145.6]. No quantitative exposure
measurements or data on smoking were available. [The Working Group noted that the
excess of bladder cancer could not be attributed with certainty specifically to exposure
to ortho-toluidine or to any one of the other compounds involved.]

Three pertinent epidemiological studies have been published since the last IARC
review. Ott and Langner (1983) studied the mortality of 342 employees assigned to three
aromatic amine-based dye production areas from 1914 to 1958 in the United States. One
of these areas, the bromoindigo and thioindigo production area, involved potential expo-
sure to ortho-toluidine, 4-chloro-ortho-toluidine and 4-chloroacetyl-ortho-toluidine.
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Table 3. Summary of cohort studies of workers exposed to ortho-toluidine

Reference Rubino et al. (1982) Ott & Langner (1983) Stasik (1988) Ward et al. (1991);  Prince et al. (2000) Sorahan et al. (2000)

Country Italy USA Germany USA UK

Industry Dyestuff production Dye production 4-Chloro-ortho-toluidine
production and
processing

Rubber chemicals Rubber chemicals

Size of the total study 906 men 275 men 116 men 1749 (1643 men) 2160 men

Cohort definition First employed
1922–70

Employed any time
during 1940–58

Employed before 1970 Employed any time during 1946–88 Employed six months
between 1955–84

Period of follow-up 1946–76 1940–75 < 1967–86 1973–88 1955–96 (mortality)
1971–92 (incidence)

Deaths

  All causes
    N
    SMR (95% CI)

260
1.5 [1.4–1.7]

98
1.0 [0.8–1.2]

19
1.12 (0.68–1.7)

[190]
[0.9] [0.8–1.0]

1131
1.01 (0.96–1.1)

  All cancers
    N
    SMR (95% CI)

96
2.6
p < 0.001

23
1.3 [0.8–2.0]

5
1.4 (0.5–3.4)

[49]
[1.0] [0.7–1.3]

305
1.02 (0.91–1.1)

  Bladder cancer mortality
    N
    SMR (95% CI)

36
29.3
p < 0.001

0
1.2 expected

[2]
[2.1] [0.3–7.6] 17

SMR, 1.4 (0.8–2.2)

Bladder cancer incidence
        N
        SIR (95% CI)

8
72.7 (31.4–143.3)

13
3.6 [1.92–6.2]

19
SIR, 1.1 (0.6–1.7)
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Table 3 (contd)

Reference Rubino et al. (1982) Ott & Langner (1983) Stasik (1988) Ward et al. (1991);  Prince et al. (2000) Sorahan et al. (2000)

Subgroup exposed to ortho-
toluidine
  Size 53 117 Same as full cohort

_______________________________________
Duration of exposure (y)
Total                < 5                 5–9.99              ≥ 10
708 584 51 73

53

  Bladder cancer mortality
  N
  SMR (95% CI)

5
62.5 [20.3–145.6]

0 3
SMR, [15.8] [3.3–46.4]
RR (internal analysis)
1–4 years: n = 2;
6.7 (1.6–28.4)

    Bladder cancer incidence
    N
    SIR (95% CI)

7 0 1 6
6.5 – 8.8 27.2
[2.6–13.3] [0.2–49.0] [10.0–59.3]

≥ 5 years; n = 1;
7.6 (1.0–56.9)
[SIR 7.0; 95% CI, 1.4–20.4]

Co-exposuresa 4,4′-Methylene bis (2-
methylaniline) (2B)
Magenta (2B)
Safranine T
ortho-Nitrotoluene (3)
2,5-Diaminotoluene
(3)
Aniline (3)
ortho-Amino-
azotoluene (2B)

Multiple exposures
including 4-chloro-
ortho-toluidine and 4-
chloroacetyl-ortho-
toluidine

N-Acetyl-ortho-toluidine
6-Chloro-ortho-toluidine
4-Chloro-ortho-toluidine
(2A)

Aniline (3)
Hydroquinone (3)
Toluene (3)
Carbon disulfide
Sulfur
Benzothiazole
4-Aminobiphenyl (contaminant) (1)
2-Mercaptobenzothiazole (Ward et al., 1996)
(Proprietary chemical)

Aniline (3)
2-Mercaptobenzothiazole
Phenyl-β-naphthylamine (3)

a Previous IARC overall evaluations of carcinogenicity are given in parentheses.
N, number; SMR, standardized mortality ratio; SIR, standardized incidence ratio



ortho-Toluidine concentrations measured in breathing zone and area samples were
consistently below 0.5 ppm [2.19 mg/m3] and urinary levels measured in 1948 ranged
from undetected (< 0.3 mg/L) to 1.7 mg/L in workers engaged in the production of
thioindigo. In order to be included in the study, employees had to be currently working
as of 1 January 1940 or hired after that date. Mortality was followed from 1 January
1940 through 31 December 1975; US white male referent rates were used to calculate
expected number of deaths. Individuals not known to be deceased based on company
records and social security follow-up were assumed to be alive. Mortality was analysed
separately for 275 individuals not exposed to arsenicals, vinyl chloride or asbestos.
Among 98 deaths identified, 94 death certificates (95.9%) were obtained. No deaths due
to bladder cancer were observed, with 1.2 deaths expected from malignant neoplasms of
the urinary organs. There were 23 deaths due to malignant neoplasms (17.5 expected;
SMR, 1.3; [95% CI, 0.8–2.0]), 10 of which were coded to digestive organs (5.7
expected; SMR, 1.8; [95% CI, 0.8–3.2]). The expected number of bladder cancers in the
subcohort of 117 workers exposed to ortho-toluidine in the production of bromoindigo
and thioindigo was not provided. There were no data on the smoking habits of the cohort.
[The Working Group noted that the conclusions of this study were limited by the small
size of the population exposed to ortho-toluidine.]

In a historical mortality study of 335 male employees involved in the production
and processing of 4-chloro-ortho-toluidine between 1929 and 1982 in Essen,
Germany, no deaths from bladder cancer were identified. Four monocyclic amines had
been used at the plant: N-acetyl-ortho-toluidine, 6-chloro-ortho-toluidine, ortho-
toluidine and 4-chloro-ortho-toluidine; exposure to 4-chloro-ortho-toluidine was
reported to be predominant. Quantitative exposure data were not available. Urothelial
carcinomas were noted in eight of the employees, between 1967 and 1985, two of
whom had died as of December 1986. All eight had been employed in the 4-chloro-
ortho-toluidine production plant before improvements in industrial hygiene were
made in 1970. As a result of this discovery, an incidence study was initiated and the
vital status ascertainment for a subcohort of 116 subjects who had been employed in
the 4-chloro-ortho-toluidine production plant before 1970 was extended through 1986.
The expected number of incident bladder cancers in the cohort of 116 men, calculated
based on the 1983 rates from the Saarland Cancer Registry, was 0.11. The standardized
incidence ratio (SIR) based on eight observed cases was 72.7 (95% CI, 31.4–143)
(Stasik, 1988). [The Working Group noted that the definition of the subcohort was
made a posteriori, but this was justified by the comment that improvements in
industrial hygiene were introduced in 1970. It was also unclear in what year the
follow-up started. The excess of bladder cancer could not be attributed with certainty
specifically to ortho-toluidine or to any one of the other compounds present.]

A bladder cancer incidence study was conducted among workers exposed to ortho-
toluidine at a plant manufacturing rubber chemicals in New York State, United States.
The study was initiated at the request of the union representing workers at the plant,
who had noted a number of bladder cancers among workers in a department where an
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antioxidant and an accelerator were produced. Among the major reactants used in
these processes were two primary aromatic amines, ortho-toluidine and aniline; other
reactants and intermediates included 2-mercaptobenzothiazole (Ward et al., 1996),
hydroquinone, toluene, carbon disulfide, sulfur, benzothiazole and a proprietary
chemical which was introduced into the process in 1970 (Ward et al., 1991). 4-
Aminobiphenyl was identified as a potential low-level contaminant (< 1 ppm) [4.38
mg/m3] in some bulk samples of process chemicals in 1990 (Ward & Dankovic, 1991).
A study cohort was identified from personnel records of the chemical plant, which
opened in 1946 for production of poly(vinyl chloride). The antioxidant was produced
in a separate building that opened in 1957 and in 1970 an expansion of this building
was completed and production of a new accelerator was begun. There were 1749
(1643 male) individuals employed in the plant between 1946 and 1988, 708 of whom
had been assigned to the department where the accelerator and antioxidant were
produced (and were considered to be definitely exposed to ortho-toluidine and
aniline); 288 had been assigned to departments such as maintenance in which possible
exposure was considered to have occurred, and 753 of whom had never worked in
either definitely or possibly exposed jobs. Within the exposed department, it was not
possible to separate individuals with exposure to ortho-toluidine from individuals
with exposure to other chemicals. Vital status was identified from company records
and records of the United States social security administration. Bladder cancer cases
were identified from company and union records and confirmed through medical
records, or through matching with the cancer registry in the state where the plant was
located. Cancer incidence rates were compared with bladder cancer incidence rates in
the same state. Person–years at risk began on 1 January 1973 (the first year in which
matching with the registry through social security number was possible) or on the date
of starting employment, whichever occurred later. Follow-up was from 1973 to 1988.
Race was recorded in the personnel records for only 670 subjects, among whom 91%
were white. There were 13 cases of bladder cancer in 1973–88 in the cohort overall
(SIR, 3.6; [95% CI, 1.9–6.2]), seven of which occurred in the definitely exposed group
(SIR, 6.5; [95% CI, 2.6–13.3]) and four in the possibly exposed group (SIR, 3.7; [95%
CI, 1.0–9.4]). The SIR was not elevated among workers in the probably unexposed
group (two observed; SIR, 1.4; [95% CI, 0.17–5.0]). Six of the seven bladder cancer
cases occurred among workers employed in the exposed department for over 10 years;
the SIR for this group was 27.2 [95% CI, 10.0–59.2]. Data on smoking were available
for 143 members of the cohort and showed that cohort members were slightly more
likely to be current or former smokers than the general United States population. It
was estimated, using a method of indirect adjustment (Axelson & Steenland, 1988),
that differences in smoking habits between the cohort and the United States general
population would account for an SIR of 1.05 for bladder cancer. A subsequent
mortality analysis of the same cohort followed through 1994 (Prince et al., 2000)
showed no elevation in all-cause, all-cancer or bladder cancer mortality in the total
cohort (Table 3).
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The carcinogenicity of some of the reactants, intermediates and end-products
present in the previous cohort has been evaluated by IARC. Aniline is not known to
induce bladder cancer in humans or animals (IARC, 1987d).

4-Aminobiphenyl, which was present as a potential contaminant, is classified by
IARC in Group 1 and is known to be a highly potent human bladder carcinogen
(IARC, 1972, 1987e). Potential for 4-aminobiphenyl contamination arose from use of
diphenylamine as a reactant intermittently from 1972 to 1985 (Ward et al., 1994)
(commercial diphenylamine was contaminated with low levels of 4-aminobiphenyl in
the 1970s and earlier (Safe et al., 1977)) and from its possible formation in one of the
reactions in the antioxidant process. 2-Mercaptobenzothiazole has not been reviewed
by IARC, but has shown some evidence of carcinogenicity in rats and equivocal evi-
dence of carcinogenicity in mice (National Toxicology Program, 1988).

An exposure assessment study was conducted at the plant in February–March
1990 (Ward et al., 1996). This study demonstrated substantially higher urinary
concentrations and levels of haemoglobin adducts of aniline and ortho-toluidine
among exposed workers compared with in-plant controls. Levels of 4-aminobiphenyl
adducts were much lower than those of ortho-toluidine and aniline and did not differ
between the exposed and unexposed groups (Table 4). Haemoglobin adducts reflect
only recent exposures (Hemminki, 1992), and it is therefore possible that higher levels
of 4-aminobiphenyl contamination existed in the past. [The Working Group noted that,
while ortho-toluidine was a plausible cause of the bladder cancer excess, the contri-
bution of other chemicals cannot be ruled out. The presence of a proprietary chemical
was noted, for which the Working Group had no data on carcinogenicity.]

Sorahan et al. (2000) updated a study of workers exposed to several aromatic amines
in a factory manufacturing chemicals for the rubber industry in the United Kingdom
(Sorahan & Pope, 1993). All subjects had at least six months’ employment in the factory
and some employment in the period 1955–84. Mortality was examined for the period
1955–96 and cancer incidence was examined for the period 1971–92. The updated study
included 2160 male production workers, 605 of whom had been exposed to aniline, 2-
mercaptobenzothiazole, phenyl-β-naphthylamine or ortho-toluidine. There were nine
bladder cancer deaths observed and 3.25 expected among the 605 individuals (SMR, 2.8;
95% CI, 1.3–5.3). A total of 30 incident bladder cancers were identified, of which nine
occurred among [357] individuals who had been exposed to mercaptobenzothiazole
[SIR, 2.6; 95% CI, 1.2–4.9], five occurred among 94 individuals who had been exposed
to phenyl-β-naphthylamine [SIR, 3.8; 95% CI, 1.2–8.8], seven occurred among indivi-
duals exposed to aniline [SIR, 1.5; 95% CI, 0.6–3.1] and three occurred among 53 indi-
viduals who had been exposed to ortho-toluidine [SIR, 7.0; 95% CI, 1.4–20.4]. All of
the bladder cancer cases among workers exposed to ortho-toluidine had also had expo-
sure to one or more of the other chemicals. Poisson regression analyses revealed no asso-
ciation between estimated duration of mercaptobenzothiazole exposure and risk of
bladder cancer, some evidence for an exposure–response relationship with duration of
exposure to ortho-toluidine (RR internal analysis: 1–4 years, n = 2, RR, 6.7; 95% CI,
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1.6–28.4; ≥ 5 years, n = 1, RR, 7.6; 95% CI, 1.0–56.9), and the strongest evidence for
an exposure–response relationship with duration of exposure to phenyl-β-naphthyl-
amine (RR internal analysis: 1–4 years, n = 1, RR, 1.3; 95% CI, 0.17–9.3; ≥ 5 years,
n = 4, RR,7.5; 95% CI, 2.6–21.5). 

[The Working Group made two observations relevant to the interpretation of all
five cohort studies. Individual smoking habits had not been taken into account in the
analysis of most of the reported studies; however, the excesses of bladder cancer
reported in the four positive studies were much too large to have been due to smoking
alone.

Negative results on mortality from bladder cancer might be caused by limited
power due to high survival from this disease. Therefore, differences between results
of analyses based on mortality and morbidity data might reflect the lower sensitivity
of the former.]
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Table 4. Air and urine levels and haemoglobin adduct levels
measured in 1990 among chemical workers employed at a plant
where excess bladder cancer incidence was observed

Exposure matrix Exposure
group

No. Mean of total group
(SD)

p value

Aniline levels in air
(μg/m3)

Exposed 28 187 (181)

ortho-Toluidine levels
in air (μg/m3)

Exposed 28 412 (366)

Aniline levels in post-
shift urine (μg/L)

Unexposed
Exposed

25
42

3.9 (2.8)
29.8 (25.7)

0.0001

ortho-Toluidine in
post-shift urine (μg/L)

Unexposed
Exposed

25
42

2.8 (1.4)
98.7 (119.4)

0.0001

Aniline adducts
(pg/g Hb)

Unexposed
Exposed

27
46

3163 (1302)
17 441 (8867)

0.0001

ortho-Toluidine
adducts (pg/g Hb)

Unexposed
Exposed

27
46

3515 (6036)
40 830 (32 518)

0.0001

4-Aminobiphenyl
adducts (pg/g Hb)

Unexposed
Exposed

27
42

74.5 (63.8)
81.7 (106.1)

0.48

From Ward et al. (1996)
Hb: haemoglobin



3. Studies of Cancer in Experimental Animals

3.1 Oral administration

3.1.1 Mouse

Groups of 25 male and 25 female Swiss CD-1 mice, four to six weeks of age, were
treated with ortho-toluidine hydrochloride (purity, 97–99%) in the diet at dose levels of
16 000 or 32 000 mg/kg diet (ppm) for three months and then at levels of 8000 or
16 000 ppm for a further 15 months. Animals were kept without treatment for an
additional three months and then killed. The doses were chosen on the basis of prelimi-
nary tests, the higher being the maximum tolerated dose. A simultaneous control group
of 25 untreated mice of each sex was used, plus additional controls used for the other
compounds tested in the study, and tumour incidences of matched and pooled controls
were compared statistically (both separately and together) with those of treated groups.
Animals that died during the first six months of the study were discarded without
necropsy. In male mice, the incidence of vascular tumours (haemangiomas and
haemangiosarcomas combined, observed in abdominal viscera) was 0/14, 5/99, 5/14
(p < 0.025, Fisher’s exact test) and 9/11 (p < 0.025, Fisher’s exact test) in concurrent
controls, pooled controls, low-dose and high-dose groups, respectively. In female mice,
the incidence of vascular tumours (haemangiomas and haemangiosarcomas combined,
observed in abdominal viscera) was 0/15, 9/102, 5/18 (p < 0.05, Fisher’s exact test) and
9/21 (p < 0.025, Fisher’s exact test) in concurrent controls, pooled controls, low-dose
and high-dose groups, respectively [the separate incidences for haemangiomas and
haemangiosarcomas were not reported] (Weisburger et al., 1978).

Groups of 50 male and 50 female B6C3F1 mice, six weeks of age, were administered
ortho-toluidine hydrochloride (purity, > 99%) in the diet at 1000 or 3000 ppm for
102–103 weeks. Concurrent control groups consisted of 20 male and 20 female
untreated mice. Mean body weights of both treated males and females were lower than
those of the corresponding controls. Mortality was not significantly related to treatment
in either sex. In male mice, the incidence of haemangiomas or haemangiosarcomas
(combined, all sites, mainly observed in the abdominal viscera) was increased: 1/19,
2/50 and 12/50 (p < 0.002, Cochran–Armitage trend test) in control, low-dose and high-
dose groups, respectively. In female mice, the incidence of hepatocellular adenomas or
carcinomas (combined) was increased: 0/20, 4/49 and 13/50 (p < 0.007, Fisher’s exact
test; p = 0.001 trend test) in control, low-dose and high-dose groups, respectively
(National Cancer Institute, 1979).

3.1.2 Rat

Groups of 25 male Sprague-Dawley CD rats, four to six weeks of age, were treated
with ortho-toluidine hydrochloride (purity, 97–99%) in the diet at dose levels of 8000
or 16 000 ppm for three months and then at levels of 4000 or 8000 ppm for a further
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15 months. Animals were kept without treatment for an additional six months and then
killed. The doses were chosen on the basis of preliminary tests, the higher being the
maximum tolerated dose. A concurrent control group of 25 untreated male rats was
used, plus additional controls used for the other compounds tested in the study, and
tumour incidences of matched and pooled controls were compared with those of
treated groups. Animals that died during the first six months of the study were
discarded without necropsy. The incidence of subcutaneous fibromas and fibro-
sarcomas (combined) was 0/16, 18/111, 18/23 (p < 0.025, Fisher’s exact test) and
21/24 (p < 0.025, Fisher’s exact test, compared with all controls) in simultaneous
controls, pooled controls, low-dose and high-dose groups, respectively. A non-
statistically significant increase in the incidence of transitional-cell carcinomas of the
urinary bladder was also observed: 0/16, 5/111, 3/23 and 4/24 in simultaneous
controls, pooled controls, low-dose and high-dose groups, respectively (Weisburger
et al., 1978).

Groups of 30 male Fischer 344 rats, eight weeks of age, were treated with ortho-
toluidine hydrochloride [purity not specified, recrystallized product] in the diet at a
concentration of 4000 ppm (0.028 mol/kg of diet) for 72 weeks. A control group of 30
untreated male rats was used. The experiment was terminated at 93 weeks. Mean body
weights were lower in the treated than in the control group. The incidence of fibromas
of the skin was 1/27 and 25/30 [p < 0.001, Fisher’s exact test]; that of fibromas of the
spleen was 0/27 and 10/30 [p < 0.001, Fisher’s exact test]; that of mammary fibro-
adenomas was 0/27 and 11/30 [p < 0.001, Fisher’s exact test]; and that of peritoneal
sarcomas was 0/27 and 9/30 [p < 0.01, Fisher’s exact test] in control and treated
groups, respectively (Hecht et al., 1982). 

Groups of 50 male and 50 female Fischer 344 rats, six weeks of age, were admi-
nistered ortho-toluidine hydrochloride (purity, > 99%) in the diet at concentrations of
3000 or 6000 ppm for 101–104 weeks. Matched control groups consisted of 20 male and
20 female untreated rats. Mean body weights of treated male and female rats were lower
than those of the corresponding controls. Mortality was significantly affected by
treatment of male and female rats (p < 0.001, Tarone test for positive trend). In males,
the incidence of sarcomas, fibrosarcomas, angiosarcomas or osteosarcomas (combined)
of multiple organs (mainly subcutis and spleen or bone) was 0/20, 15/50 (p = 0.003,
Fisher’s exact test) and 37/49 (p < 0.001, Fisher’s exact test); that of subcutaneous
integumentary fibromas was 0/20, 28/50 (p < 0.001, Fisher’s exact test) and 27/49
(p < 0.001, Fisher’s exact test); and that of mesotheliomas of multiple organs or tunica
vaginalis was 0/20, 17/50 (p < 0.001, Fisher’s exact test) and 9/49 (p = 0.036, Fisher’s
exact test) in control, low- and high-dose groups, respectively. In females, the incidence
of transitional cell carcinomas of the urinary bladder was 0/20, 9/45 (p = 0.028, Fisher’s
exact test) and 22/47 (p < 0.001, Fisher’s exact test); that of sarcomas, fibrosarcomas,
osteosarcomas or angiosarcomas (combined) of multiple organs (mainly subcutis and
spleen or bone) was 0/20, 3/50 and 21/49 (p = 0.001, Fisher’s exact test); and that of
mammary adenomas and fibroadenomas (combined) was 7/20, 20/50 and 35/49
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(p = 0.006) in control, low- and high-dose groups, respectively (National Cancer
Institute, 1979). 

Male Fischer 344/N rats, 45 days of age, were administered ortho-toluidine hydro-
chloride at a concentration of 5000 ppm in the diet for 13 weeks and then kept for
observation for a further 13 weeks, when animals were killed. Mesotheliomas in the
epididymis were observed in 2/20 male rats exposed to ortho-toluidine hydrocloride.
No mesotheliomas were seen in concurrent controls (0/10) (National Toxicology
Program, 1996).

3.2 Subcutaneous injection

Hamster: Groups of 15 male and 15 female Syrian golden hamsters, eight weeks of
age, were given subcutaneous injections of 1.9 mmol/kg bw (2 mg/kg bw) ortho-
toluidine (free base) [purity not specified, recrystallized product] in peanut oil once per
week for 52 weeks. Control groups of 15 male and 15 female hamsters were given 52
subcutaneous injections of peanut oil vehicle. The experiment was terminated at 87
weeks. Mean body weights in the treated groups were similar to those of the control
groups. Mean survival times were shorter in the treated groups, being 61.3 and 57.8
weeks in male and female treated hamsters, respectively, compared with 75.5 and 68.7
weeks in male and female controls, respectively. The incidence of tumours in the treated
groups was not significantly different from that in the control groups [details on the inci-
dence of specific tumours not reported] (Hecht et al., 1983). [The Working Group noted
the small number of animals, low dose and short duration of treatment.]

3.3 Carcinogenicity of metabolites

Rat: Groups of 30 male Fischer 344 rats, eight weeks of age, were treated with
ortho-nitrosotoluene [purity not specified, recrystallized product] in the diet at a
concentration of 3380 ppm (0.028 mol/kg of diet) for 72 weeks. A control group of 30
untreated male rats was used. The experiment was terminated at 93 weeks. Mean body
weights were lower in the treated than in the control group. The incidence of fibromas
of the skin was 1/27 and 19/29 [p < 0.001, Fisher’s exact test]; that of fibromas of the
spleen was 0/27 and 14/29 [p < 0.001, Fisher’s exact test]; that of hepatocellular
carcinomas was 0/27 and 18/29 [p < 0.001, Fisher’s exact test]; and that of urinary
bladder tumours was 0/27 and 15/29 [p < 0.01, Fisher’s exact test] in control and
treated groups, respectively (Hecht et al., 1982). 
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4. Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans 

ortho-Toluidine is absorbed via the respiratory tract and skin. It can be inhaled as
dust, fumes or vapour (ILO, 1971). Ward et al. (1996), while not able to determine the
relative contributions of airborne versus dermal exposure, found strong evidence that
ortho-toluidine was absorbed in an exposed group of workers at a chemical manu-
facturing facility (see Section 2.2). While ortho-toluidine is a component of cigarette
smoke (IARC, 1986), El-Bayoumy et al. (1986) found that the levels in urine of
smokers and nonsmokers were not significantly different (see Section 1.4.3(e)). The
authors suggested that nitrobenzene, nitrotoluenes and dietary factors may be major
contributors to ortho-toluidine levels in human urine, which might in part explain the
marked variability (~ 100-fold) in ortho-toluidine–haemoglobin adducts reported in
unexposed groups between nonsmokers and smokers in three studies (Stillwell et al.,
1987; Bryant et al., 1988; Ward et al., 1996). In two of these studies (Stillwell et al.,
1987; Bryant et al., 1988), smoking significantly increased the level of ortho-
toluidine–haemoglobin adducts, whereas, in the study by Ward et al. (1996), adduct
levels were similar in smokers (40 494 pg/g Hb) and nonsmokers (41 028 pg/g Hb) in
the exposed group, as well as in the unexposed group in smokers (3510 pg/g Hb) and
nonsmokers (3518 pg/g Hb). They concluded that the possibility of some exposure to
ortho-toluidine in the ‘unexposed’ workers could not be ruled out.

4.1.2 Experimental systems

The tissue distribution of radioactivity in male Fischer 344 rats 48 h after sub-
cutaneous injection of 50 or 400 mg/kg bw ortho-[methyl-14C]toluidine was mainly in
the liver, kidney, lung, spleen, colon and bladder. The major excretory route was via the
urine, with ~ 84% of the 400-mg/kg bw dose being eliminated via this pathway within
the first 48 h. Approximately 1% of the 400-mg/kg bw dose was eliminated via the lungs
and ~ 3% in the faeces (Son et al., 1980). Following oral administration of a single
50-mg/kg bw dose of ortho-[methyl-14C]toluidine to male Sprague-Dawley rats, > 92%
of the administered radiolabel was eliminated in the urine within 72 h. The amount of
unchanged compound appearing in the urine within 24 h varied according to the isomer
of toluidine administered at 500 mg/kg bw: 21% for ortho-toluidine, 2.5% for meta-
toluidine and 2.5% for para-toluidine. Such differences may help to explain why only
the ortho-isomer causes tumours in the urinary bladder of rats (Cheever et al., 1980).
However, in contrast to this finding, after subcutaneous doses of 400 mg/kg bw (Son
et al., 1980) or 0.82 mmol/kg [88 mg/kg bw] (Kulkarni et al., 1983), Fischer 344 rats
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excreted only approximately 5% of the dose in the urine as ortho-toluidine over 48 and
6 h, respectively.

The metabolism of ortho-toluidine in rats proceeds primarily through ring hydroxyl-
ation with subsequent conjugation (Cheever et al., 1980; Son et al., 1980). N-Acetyl-
ation of ortho-toluidine is also a major metabolic pathway in male Fischer 344 rats. The
major ether-extractable urinary metabolites of a 400-mg/kg dose of ortho-toluidine are
azoxytoluene, ortho-nitrosotoluene, N-acetyl-ortho-toluidine, N-acetyl-ortho-amino-
benzyl alcohol, N-acetyl-4-amino-meta-cresol, 4-amino-meta-cresol, anthranilic acid
and N-acetylanthranilic acid (Son et al., 1980). N-Hydroxy-ortho-toluidine is also a uri-
nary metabolite of male Fischer 344 rats (Kulkarni et al., 1983). After a 400-mg/kg bw
dose of ortho-[methyl-14C]toluidine administered subcutaneously to male Fischer 344
rats, 51% of urinary metabolites were conjugates, with sulfate conjugates of 4-amino-
meta-cresol (27.8% of the dose), N-acetyl-4-amino-meta-cresol (8.5% dose) and
2-amino-meta-cresol (2.1%), dominating over glucuronides of 4-amino-meta-cresol
(2.6%), N-acetyl-4-amino-meta-cresol (2.8%) and N-acetyl-ortho-aminobenzyl alcohol
by a ratio of 6:1. A double acid conjugate of 4-amino-meta-cresol was also identified.
ortho-Toluidine can be oxidized to yield N-hydroxy-ortho-toluidine and ortho-nitroso-
toluene (Son et al., 1980) (see Figure 1).

On the basis of data from the Salmonella/mammalian microsomal mutagenicity
assay, Gupta et al. (1987) proposed that N-hydroxy-ortho-toluidine undergoes further
metabolic activation via an acetylation reaction catalysed by N-acetyltransferase to form
N-acetoxy-ortho-toluidine. The latter metabolite could undergo non-enzymatic break-
down to yield a highly reactive nitrenium ion, nitrene or free radical that can covalently
bind to tissue macromolecules (Figure 1). The same authors also postulated that
N-acetyl-ortho-toluidine can be metabolized to produce N-acetyl-N-hydroxy-ortho-
toluidine, which could undergo further acetylation to form N-acetoxy-N-acetyl-ortho-
toluidine. However, there are no in-vivo data to substantiate the existence of N-acetyl-
N-hydroxy-ortho-toluidine or N-acetoxy-N-acetyl-ortho-toluidine in rats fed ortho-
toluidine; the suggestion that they are formed is based on results with other aromatic
amines and amides (Thorgeirsson et al., 1983; Gupta et al., 1987). The secondary meta-
bolite ortho-azoxytoluene is postulated to be formed by an interaction between ortho-
nitrosotoluene and N-hydroxy-ortho-toluidine (Son et al., 1980). Another putative
secondary metabolite, ortho-azotoluene, is proposed to be formed through a reaction of
ortho-toluidine with ortho-nitrosotoluene, but no data on its in-vivo formation exist
(Gupta et al., 1987). 

Cheever et al. (1980) also reported finding 4-amino-3-methylphenol in the urine
of rats fed ortho-toluidine. Leslie et al. (1988) have shown that administration of
ortho-toluidine to male Sprague-Dawley rats induces various metabolic activities
associated with the cytochrome P450 system. 

In male Crl:CD rats, after a single oral dose of 500 mg/kg bw ortho-toluidine, binding
to hepatic DNA and RNA appeared to be maximal 24–48 h after dosing (Brock et al.,
1990). The highest levels of binding were found in the blood, spleen, kidney and liver.
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ortho-Toluidine forms haemoglobin adducts in female Wistar rats and female
B6C3F1 mice after administration of a single oral dose of 0.47–0.6 mmol/kg bw
[50.4–64.3 mg/kg bw] (Birner & Neumann, 1988). In male Sprague-Dawley rats given
intraperitoneal doses of [14C]ortho-toluidine ranging from 10 to 100 mg/kg bw, peak
albumin binding occurred after 4 h at 50 mg/kg bw and peak haemoglobin binding at
24 h following a dose of 100 mg/kg bw (DeBord et al., 1992). A linear dose–response
relationship was seen for [14C]ortho-toluidine binding to haemoglobin. The biological
half-lives of [14C]ortho-toluidine bound to albumin and haemoglobin were calculated to
be 2.6 and 12.3 days, respectively. The route of [14C]ortho-toluidine administration
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Figure 1. Metabolic disposition of ortho-toluidine in rats

Adapted from Cheever et al. (1980); Son et al. (1980); Kulkarni et al. (1983) and Gupta et al. (1987)
Brackets indicate postulated proximate or reactive metabolites of ortho-toluidine, based on
data from the metabolism of other aromatic amines.
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significantly affected binding to haemoglobin, with rats injected intraperitoneally having
approximately twofold higher [14C]ortho-toluidine–haemoglobin levels than animals
treated orally.

4.2 Toxic effects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems

The following intraperitoneal LD50 values have been reported for ortho-toluidine
hydrochloride: 179 mg/kg bw in male mice, 113 mg/kg bw in female mice, 164 mg/kg
bw in male rats and 246 mg/kg bw in female rats (Weisburger et al., 1978). Adminis-
tration of 225 mg/kg bw ortho-toluidine per day by gavage (estimated oral LD50,
900 mg/kg bw) to male Fischer 344 rats for either five, 10 or 20 days led to splenic
congestion, increased haematopoiesis, haemosiderosis and bone marrow hyperplasia
(after 10 days) consistent with enhanced erythrocytic destruction. Histopathological exa-
mination of the livers did not reveal any overt hepatotoxic effect (Short et al., 1983). In
both male and female Fischer 344 rats, 3000 and 6000 ppm (mg/kg) ortho-toluidine
hydrochloride given in the diet over 104 weeks induced proliferative mesenchymal
lesions in the spleen, including capsular and parenchymal fibrosis (Goodman et al.,
1984). 

ortho-Toluidine given to male Wistar rats by intraperitoneal injection (75 mg/kg bw
for three consecutive days) increased the microsomal arylhydrocarbon hydroxylase
activity, presumably reflecting CYP1A isoenzymes, in the liver, kidney and lung. The
activity of NADPH-cytochrome c reductase and the content of cytochrome b5 were
enhanced only in the liver. No significant effect was observed on epoxide hydrolase or
glutathione S-transferase activity using benzo[a]pyrene 4,5-oxide and 1-chloro-2,4-
dinitrobenzene, respectively, as substrates (Gnojkowski et al., 1984). 

4.3 Reproductive and developmental effects 

No data were available to the Working Group.
[The Working Group noted that many aromatic amines induce methaemoglobi-

naemia (Watanabe et al., 1976; Coleman & Coleman, 1996). The effect of methaemo-
globinaemia on fetal development has not been well studied, but may be associated
with suboptimal fetal outcome (Fan & Steinberg, 1996; Kilpatrick & Laros, 1999).]
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4.4 Genetic and related effects 

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems (see Tables 5 and 6 for references)

The genetic toxicology of ortho-toluidine was extensively studied in two inter-
national collaborative trials for evaluation of short-term tests for carcinogens (de Serres
& Ashby, 1981; Ashby et al., 1985). A review (Danford, 1991) summarizes the
conclusions of these trials. The genetic toxicology of ortho-toluidine has also been
reviewed more briefly, in the context of carcinogenesis, by Sellers and Markowitz
(1992). There are some difficulties in evaluating the significance of much of the
available data, since there seems to be substantial variation in results between different
laboratories and minor variations in protocols.

By far the majority of the data from bacterial or bacteriophage assay systems show
negative or, at most, weakly positive results. ortho-Toluidine gave positive results for
induction of bacteriophage lambda, but only when tested in the presence of exogenous
metabolic activation. However, it failed to induce SOS activity in Salmonella typhi-
murium TA1535/PSK1002. At very high concentrations (20 mg per plate), it was
differentially toxic towards Escherichia coli strains differing in capacity for
recombinational repair, in the absence of S9 mix. However, this result was not repro-
duced in two further studies carried out in other laboratories, using lower concentrations.
ortho-Toluidine gave positive results for forward mutation in recombination-deficient
strains of Bacillus subtilis. A large series of studies have been reported using S. typhi-
murium strains TA100, TA102, TA1535, TA1537, TA1538, TA98 and TA97. Almost all
of the results were negative, although there are sporadic reports of positive responses,
only in the presence of S9 mix, with strains TA100, TA98, TA1535 and TA1538.
Uniformly negative results were found for reverse mutation in E. coli strains WP2 or
WP2 uvrA. Where positive response have been seen in microbial assays, they have gene-
rally required variations to the standard test procedures, including the use of the fluc-
tuation protocol, or incorporating the addition of norharman or lithocholic acid. High
concentrations of S9 mix, or special types of S9 mix may also be important.

In Saccharomyces cerevisiae, treatment with ortho-toluidine resulted in differential
toxicity between repair-proficient and -deficient strains. However, inconsistent data
were seen in all other assays with this species of yeast. Of eight assays for gene
conversion carried out in different laboratories, one positive result was reported only
when exogenous metabolic activation was present and another only when it was absent.
Although ortho-toluidine caused a recombinogenic event leading to deletion (in either
the presence or absence of exogenous metabolic activation), it failed to cause intra-
chromosomal recombination in the same yeast strain. It was a mitochondrial ‘petite’
mutagen, but failed to give a positive response for forward mutation in a nuclear gene.

ortho-TOLUIDINE 289



IA
RC M

O
N

O
G

RA
PH

S V
O

LU
M

E 77
290Table 5. Genetic and related effects of ortho-toluidine

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Prophage induction, SOS repair, DNA strand breaks or cross-links NT + 2500 Thomson (1981)
Prophage induction, SOS repair, DNA strand breaks or cross-links
  (Salmonella typhimurium TA1535/pSK1002)

– – 1670 Nakamura et al. (1987)

Escherichia coli pol A/W3110-P3478, differential toxicity (liquid
  suspension tests)

– – 250 μg/plate Rosenkranz et al.
(1981)

Escherichia coli rec strains, differential toxicity + NT 20 μL/disc Rosenkranz & Poirier
(1979)

Escherichia coli rec strains, differential toxicity ? – 2500 Green (1981)
Escherichia coli rec strains, differential toxicity – – 1000 Tweats (1981)
Bacillus subtilis rec strains, forward mutation + + 20 μL/disc Kada (1981)
Salmonella typhimurium TM677, forward mutation NT – 500 Skopek et al. (1981)
Salmonella typhimurium TM677, forward mutation – – 500 Liber (1985)
Salmonella typhimurium TA100, TA1535, TA1537, TA98,
  reverse mutation

– – 10 000 μg/plate McCann et al. (1975)

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 1000 μg/plate Simmon (1979)

Salmonella typhimurium TA100, TA98, reverse mutation – – 1000 μg/plate Tanaka et al. (1980)
Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 10 μL/plate Baker & Bonin (1981)

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA92, TA98, reverse mutation

– – 2000 μg/plate Brooks & Dean (1981)

Salmonella typhimurium TA100, TA98, TA1537, reverse mutation – – 5000 μg/plate MacDonald (1981)
Salmonella typhimurium TA100, TA1537, TA98, reverse mutation – – 1000 μg/plate Nagao & Takahashi

(1981)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 10 000 μg/plate Richold & Jones (1981)

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 2000 μg/plate Rowland & Severn
(1981)

Salmonella typhimurium TA100, reverse mutation NT – 200 μg/plate Sugimura et al. (1982)
Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, G46, C3076, reverse mutation

– – 1000 μg/mL agar Thompson et al. (1983)

Salmonella typhimurium TA100, TA98, TA97, TA102, reverse
  mutation

– – 10 000 μg/plate Baker & Bonin (1985)

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 1000 μg/mL Falck et al. (1985)

Salmonella typhimurium TA100, TA102, TA98, TA97, reverse
  mutation

– – 2000 μg/plate Matsushima et al.
(1985)

Salmonella typhimurium TA100, TA1535, TA1537, TA1538,
  TA98, reverse mutation

– – 5000 μg/plate Rexroat & Probst
(1985)

Salmonella typhimurium TA100, reverse mutation – +c 2000 μg/plate Zeiger & Haworth
(1985)

Salmonella typhimurium BA13 (L-arabinose resistance), forward
  mutation

NT + 480 μg/plate Dorado & Pueyo
(1988)

Salmonella typhimurium TA1535, TA1538, reverse mutation – – 250 μg/plate Rosenkranz & Poirier
(1979)

Salmonella typhimurium TA1535, TA1537, TA98, reverse
  mutation

– – 300 μg/mL Gatehouse (1981)

Salmonella typhimurium TA1535, reverse mutation – – 1000 μg/plate Zeiger & Haworth
(1985)

Salmonella typhimurium TA1538, reverse mutation – – 100 μg/plate Ferreti et al. (1977)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Salmonella typhimurium TA1538, reverse mutation – – 100 μg/plate Garner & Nutman
(1977)

Salmonella typhimurium TA1538, reverse mutation – +d 10 μg/mL Gatehouse (1981)
Salmonella typhimurium TA98, reverse mutation NT – 200 μg/plate Nagao et al. (1977)
Salmonella typhimurium TA98, reverse mutation NT – 50 μg/plate Nagao et al. (1978)
Salmonella typhimurium TA98, reverse mutation NT + 2.5 μg/plate Kawalek et al. (1983)
Salmonella typhimurium TA98, TA97, reverse mutation – – 1000 μg/plate Zeiger & Haworth

(1985)
Escherichia coli WP2 uvrA, reverse mutation – – 1000 Gatehouse (1981)
Escherichia coli WP2 and WP2 uvrA, reverse mutation – – 1000 Thompson et al. (1983)
Escherichia coli WP2 uvrA, reverse mutation – – 1000 Falck et al. (1985)
Aspergillus nidulans, forward mutation – NT 504 Carere et al. (1985)
Aspergillus nidulans, genetic crossing-over – NT 2520 Carere et al. (1985)
Saccharomyces cerevisae, DNA repair-deficient strains, differential
  toxicity

+ + 300 Sharp & Parry (1981a)

Saccharomyces cerevisiae, gene conversion – – 333 μg/plate Jagannath et al. (1981)
Saccharomyces cerevisiae, gene conversion + NT 50 Sharp & Parry (1981b)
Saccharomyces cerevisiae, gene conversion NT – 2 μL/mL Zimmermann & Scheel

(1981)
Saccharomyces cerevisiae, gene conversion, reverse mutation – – 500 Arni (1985)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Saccharomyces cerevisiae, gene conversion – – 2000 Brooks et al. (1985)
Saccharomyces cerevisiae, gene conversion, forward/reverse
  mutation

– – 1000 Inge-Vechtomov et al.
(1985)

Saccharomyces cerevisiae, gene conversion, reverse mutation – – 500 Parry & Eckardt (1985a)
Saccharomyces cerevisiae, deletion assay + + 1000 Carls & Schiestl (1994)
Saccharomyces cerevisiae, interchromosomal recombination – – 5000 Carls & Schiestl (1994)
Saccharomyces cerevisiae, forward ‘petite’ mutation + NT 2500 Ferguson (1985)
Saccharomyces cerevisiae, strain XV185-14C, reverse mutation – – 2222 Mehta & von Borstel

(1981)
Saccharomyces cerevisiae, reverse mutation – – 21.2 Harrington & Nestmann

(1985)
Saccharomyces cerevisiae strain D7-144, gene conversion – +e 378 Mehta & von Borstel

(1985)
Saccharomyces cerevisiae strain XV185-14C & RM52, reverse
  mutation

+ +e 378 Mehta & von Borstel
(1985)

Saccharomyces cerevisiae, aneuploidy + + 50 Parry & Sharp (1981)
Saccharomyces cerevisiae, aneuploidy + + NR Parry & Eckardt (1985b)
Saccharomyces cerevisiae, aneuploidy – NT 1.5 μL/mL Zimmermann et al. (1985)
Drosophila melanogaster, genetic recombination + 2 mM in feed Vogel (1985)
Drosophila melanogaster, genetic crossing-over, somatic
  mutation or recombination

+ 0.94 mM in feedf Würgler et al. (1985)

Drosophila melanogaster, somatic mutation (and recombination) (+) 10 700 Fujikawa et al. (1985)
Drosophila melanogaster, somatic mutation (and recombination) + 1 mM in feed Vogel (1985)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Drosophila melanogaster, somatic mutation (and recombination) + 1 mM in feed Batiste-Alentorn et al.
(1991)

Drosophila melanogaster, somatic mutation – 2 mM in feed Batiste-Alentorn et al.
(1994)

Drosophila melanogaster, somatic mutation (and recombination),
  wing-spot test

+ 5 mM in feed Batiste-Alentorn et al.
(1995)

DNA strand breaks, cross-links or related damage, rat hepatocytes
  in vitro

+ NT 319 Bradley (1985)

DNA strand breaks, cross-links or related damage, Chinese hamster
  ovary cells in vitro

+ + 4280 Douglas et al. (1985)

DNA strand breaks, cross-links or related damage, Chinese hamster
  ovary cells in vitro

– (+) 2140 Lakhanisky &
Hendrickx (1985)

Unscheduled DNA synthesis, rat primary hepatocytes in vitro – NT 54 Thompson et al. (1983)
Unscheduled DNA synthesis, Sprague-Dawley rat primary
  hepatocytes in vitro

– NT 10.7 Kornbrust &
Barfknecht (1984)

Unscheduled DNA synthesis, rat primary hepatocytes in vitro – NT 53.5 Probst & Hill (1985)
Unscheduled DNA synthesis, rat primary hepatocytes in vitro – NT 10 Williams et al. (1985)
Unscheduled DNA synthesis, Sprague-Dawley rat primary
  hepatocytes in vitro

– NT 10.7 Barfknecht et al.
(1987)

Unscheduled DNA synthesis, golden Syrian hamster primary
  hepatocytes in vitro

– NT 10.7 Kornbrust &
Barfknecht (1984)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Unscheduled DNA synthesis, golden Syrian hamster primary
  hepatocytes in vitro

– NT 10.7 Barfknecht et al. (1987)

Gene mutation, Hprt locus, ouabain resistance, Chinese hamster
  ovary cells in vitro

– – 500 Zdzienicka & Simons
(1985)

Gene mutation, Chinese hamster lung V79 cells Hprt locus in vitro – NT 2000 Fox & Delow (1985)
Gene mutation, Chinese hamster lung V79 cells, Hprt locus in vitro (+) – 500 Kuroda et al. (1985)
Gene mutation, Chinese hamster lung V79 cells Hprt locus in vitro – – NR Lee & Webber (1985)
Gene mutation, Chinese hamster lung V79 cells, oubain resistance
  in vitro

– – 535 Kuroki & Munakata
(1985)

Gene mutation, mouse lymphoma L5178Y cells, Tk locus in vitro – – 800 Amacher & Turner
(1985)

Gene mutation, mouse lymphoma L5178Y cells, Tk locus and Hprt
  locus in vitro

– – 1.3 μL/mL Knaap & Langebroek
(1985)

Gene mutation, mouse lymphoma L5178Y cells, Tk locus in vitro – – NR Lee & Webber (1985)
Gene mutation, mouse lymphoma L5178Y cells, Tk locus in vitro + NT 300 Myhr et al. (1985)
Gene mutation, mouse lymphoma L5178Y cells, Tk locus in vitro – – 500g Oberly et al. (1985)
Gene mutation, mouse lymphoma L5178Y cells, Tk locus in vitro (+) – 1004 Styles et al. (1985)
Gene mutation, mouse lymphoma L5178Y cells, ouabain or
  thioguanine resistance in vitro

– + 200 Garner & Campbell
(1985)

Gene mutation, mouse lymphoma L5178Y cells, ouabain or
  trifluorothymidine resistance, in vitro

– – 1004 Styles et al. (1985)

Gene mutation, Balb/c 3T3 cells, ouabain resistance in vitro NT (+) 250 Matthews et al. (1985)
Sister chromatid exchange, Chinese hamster cells in vitro + – 300 Perry & Thomson (1981)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Sister chromatid exchange, Chinese hamster ovary cells in vitro – – 1070 Douglas et al. (1985)
Sister chromatid exchange, Chinese hamster cells in vitro + + 50 Gulati et al. (1985)
Sister chromatid exchange, Chinese hamster cells in vitro + – 500 Lane et al. (1985)
Sister chromatid exchange, Chinese hamster cells in vitro – – 2140 Natarajan et al. (1985)
Sister chromatid exchange, Chinese hamster cells in vitro + + 268 van Went (1985)
Sister chromatid exchange, RL4 rat liver cells in vitro + NT 21.8 Priston & Dean (1985)
Micronucleus formation, Chinese hamster ovary cells in vitro – – 1070 Douglas et al. (1985)
Micronucleus formation, Syrian hamster embryo cells in vitro + NT NR Fritzenschaf et al.

(1993)
Chromosomal aberrations, Chinese hamster CH1-L liver fibroblasts
  in vitro

+ NT 12 Danford (1985)

Chromosomal aberrations, Chinese hamster cells in vitro + + 250 Gulati et al. (1985)
Chromosomal aberrations, Chinese hamster cells in vitro – + 1000 Ishidate & Sofuni (1985)
Chromosomal aberrations, Chinese hamster cells in vitro – – 2140 Natarajan et al. (1985)
Chromosomal aberrations, Chinese hamster cells in vitro – (+) 300 Palitti et al. (1985)
Chromosomal aberrations, RL4 rat liver cells in vitro + NT 700 Priston & Dean (1985)
Aneuploidy, Chinese hamster CH1-L liver fibroblasts in vitro + NT 60 Danford (1985)
Cell transformation, C3H/10T½ mouse cells – (+) 600 Lawrence & McGregor

(1985)
Cell transformation, BALB/c3T3 mouse cells – +h 150 Matthews et al. (1985)
Cell transformation, C3H/10T½ mouse cells + NT 500 Nesnow et al. (1985)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Cell transformation, Syrian hamster embryo cells, clonal assay + NT 1 Barrett & Lamb
(1985)

Cell transformation, Syrian hamster embryo cells, clonal assay + NT 100 Sanner & Rivedal
(1985)

Cell transformation, Syrian hamster embryo cells, clonal assay + NT 750 Kerckaert et al. (1998)
Cell transformation, baby hamster kidney BHK-21 cells + + NR Daniel & Dehnel

(1981)
Cell transformation, baby hamster kidney BHK-21 cells NT + 25 Styles (1981)
Cell transformation, Chinese hamster ovary cells – – 500 Zdzienicka et al.

(1985)
Cell transformation, RLV/Fischer rat embryo cells (+) NT 10 Suk & Humphreys

(1985)
Cell transformation, SA7/Syrian hamster embryo cells (+) NT 965 Hatch & Anderson

(1985)
DNA strand breaks (Comet assay), MCL-5 cells + NT 454 Martin et al. (1999)
Gene mutation, human TK6 cells in vitro – + 450 Crespi et al. (1985)
Gene mutation, human AHH-1 cells in vitro + NT 300 Crespi et al. (1985)
Sister chromatid exchange, human lymphocytes in vitro ? – 600 Obe et al. (1985)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Sister chromatid exchange, human lymphocytes in vitro + NT 21.4 Lindahl-Kiessling et al.
(1989)

Micronucleus formation, human lymphocytes in vitro + – 214 Vian et al. (1993)
Body fluids from Sprague-Dawley rats (urine), microbial
  mutagenicity (S. typhimurium TA98)

– +c 300 po × 1 Tanaka et al. (1980)

Body fluids from WAG/Rij rats (plasma), sister chromatid
  exchange, Chinese hamster ovary cells in vitro

+ 400 ip × 1 Darroudi & Natarajan
(1985)

DNA strand breaks, cross-links or related damage, animal cells
  in vivo

+ 100 Cesarone et al. (1982)

Sister chromatid exchange, B6C3F1 mouse bone marrow cells
  in vivo

(+) 200 Neal & Probst (1983)

Sister chromatid exchange, animal cells in vivo + 600 McFee et al. (1989)
Micronucleus formation, B6C3F1 mice in vivo – 338 ip × 2 Salamone et al. (1981)
Micronucleus formation, CD-1 mice in vivo – 160 ip × 2 Tsuchimoto & Matter

(1981)
Chromosomal aberrations, B6C3F1 mice bone marrow cells in vivo – 300 ip × 1 McFee et al. (1989)
Micronucleus formation, B6C3F1 mice bone marrow cells in vivo – 300 ip × 1 McFee et al. (1989)
Micronucleus test, Pleurodeles waltl in vivo + 20 μg/mL Fernandez et al. (1989)
Binding (covalent) to DNA, RNA or protein, Crl:CD rat liver
  in vivo

+ 500 po × 1 Brock et al. (1990)
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Table 5 (contd)

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

Inhibition of intercellular communication, Chinese hamster V79
  cells rodent in vitro

+ NT 5 Elmore et al. (1985)

Inhibition of intercellular communication, Chinese hamster V79
  cells rodent in vitro

+ NT 5 Scott et al. (1985)

Inhibition of intercellular communication, Chinese hamster V79
  cells rodent in vitroi

– NT 535 Umeda et al. (1985)

Sperm morphology, (CBA × BALB/c)F1
 mice in vivo ? 250 ip × 5 Topham (1981)

Sperm morphology, (CBA × BALB/c)F1
 mice in vivo – 400 ip × 5 Topham (1980)

a +, positive; (+), weakly positive; –, negative; NT, not tested; ?, inconclusive; NR, not reported
b LED, lowest effective dose; HID, highest ineffective dose; in-vitro test, μg/mL; in-vivo test, mg/kg bw/day; ip, intraperitoneal; po, oral
c Active only with 30% hamster liver S9; not with rat liver S9
d S9 from phenobarbital-treated rats
e Activity detected in YEPD medium
f Acute feeding
g Toxicity higher in the presence of S9
h Activation by co-cultivation with X-irradiated primary rat hepatocytes
i Growth of V79 (T2-14) 6-thioguanine-resistant cells
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Table 6. Genetic and related effects of metabolites of ortho-toluidine

ResultsaTest system

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

Doseb

(LED or HID)
Reference

N-Hydroxy-ortho-toluidine
Salmonella typhimurium TA100, reverse mutation – + 0.16 μg/plate Gupta et al. (1987)
Salmonella typhimurium TA98, reverse mutation – – 0.62 μg/plate Gupta et al. (1987)

N-Acetyl-ortho-toluidine
Salmonella typhimurium TA100, TA98, reverse mutation – – 3.75 μg/plate Gupta et al. (1987)

N-Acetyl-N-hydroxy-ortho-toluidine
Salmonella typhimurium TA100, reverse mutation – – 4.1 μg/plate Gupta et al. (1987)
Salmonella typhimurium TA98, reverse mutation – + 2.1 μg/plate Gupta et al. (1987)

N-Acetoxy-N-acetyl-ortho-toluidine
Salmonella typhimurium TA100, TA98, reverse mutation – – 5.2 μg/plate Gupta et al. (1987)

a +, positive; –, negative
b LED, lowest effective dose; HID, highest ineffective dose



It gave a positive result in one out of seven assays for reverse mutation. However, it
caused aneuploidy in two out of three assays. Assays for forward mutation or genetic
crossing-over in Aspergillus nidulans gave completely negative results, as did a forward
mutation assay in Schizosaccharomyces pombe.

ortho-Toluidine caused DNA strand breakage in various animal cell lines in vitro,
apparently in the absence of exogenous metabolic activation. The alkaline single-cell gel
electrophoresis (‘comet’) assay revealed DNA breakage after ortho-toluidine treatment
in a metabolically competent human mammary cell line, MCL-5, as well as in primary
cultures of cells isolated from human breast milk. The response was substantially
increased when the cells were incubated in the presence of the DNA repair inhibitors,
hydroxyurea and cytosine arabinoside. Only one out of eight studies showed that
treatment with ortho-toluidine could lead to unscheduled DNA synthesis. A single study
suggested a weak positive effect in gene mutation at the Hprt locus in V79 Chinese
hamster cells, although two other similar studies gave negative results. ortho-Toluidine
failed to cause mutation to ouabain resistance in V79 Chinese hamster cells. Two out of
five studies suggested a positive response at the Tk locus but not usually at other loci in
mouse lymphoma L5178Y cells. However, there are isolated reports of ortho-toluidine
increasing gene mutations at loci other than Tk in L5178Y cells or in other animal cells
in vitro, but only in the presence of exogenous metabolic activation.

There have been occasional reports of ortho-toluidine causing chromosomal
aberrations or micronuclei in various cultured cell lines. Manifestation of these effects
seems to require incubation times longer than 3 h. In some of these studies, S9 mix was
required, while in others it appeared to reduce the effect. Most studies of effects on
sister chromatid exchanges, in either animal or human cells, have revealed positive
results, even in the absence of exogenous metabolic activation. ortho-Toluidine caused
aneuploidy in mammalian cells in vitro, and increased cell transformation in all but one
of 11 studies. The latter effects did not generally appear to require exogenous metabolic
activation, although it should be noted that the cell types have some endogenous meta-
bolic capability. In two out of three studies, ortho-toluidine inhibited intracellular
communication.

A number of in-vivo studies have been conducted. ortho-Toluidine gave a positive
result in a host-mediated assay for bacterial mutagenesis. It increased somatic
mutation but not genetic crossing-over in Drosophila melanogaster, and enhanced
sister chromatid exchanges in rodent models. Only one out of four studies in mice, but
one study in a newt model, suggested that it enhanced micronucleus frequency.
Studies on sperm morphology have given equivocal data.

Metabolites of ortho-toluidine

Gupta et al. (1987) synthesized the various N-oxidized putative metabolites and
esters of ortho-toluidine and tested them for mutagenic activity in the Salmonella
microsome mutagenicity assay. On the basis of these data, they proposed a metabolic
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pathway involving nitrenium ion/nitrene/free radicals which could bind covalently to
DNA (see Table 6).

4.5 Mechanistic considerations

ortho-Toluidine undergoes extensive metabolism in vivo and, like other aromatic
amines, N-hydroxylation is thought to be the first step in its metabolic activation. 

5. Summary of Data Reported and Evaluation

5.1 Exposure data

ortho-Toluidine and its hydrochloride salt have been widely produced commercially
throughout the twentieth century for use in manufacture of dyestuffs, pigments, optical
brighteners, rubber chemicals, pharmaceuticals and pesticides. Human exposure has
been reported during its use in production of dyestuffs and rubber chemicals. Non-
occupational exposure to ortho-toluidine may result from its occurrence in certain foods
and from exposure to tobacco smoke.

5.2 Human carcinogenicity data

Five studies were available for evaluation. Two mortality studies were conducted
in the 1980s among dye production workers in Italy and in the United States. In each
case, the subgroups of workers exposed to ortho-toluidine were small. Two recent
cohort studies in Germany, the United Kingdom and a larger study in the United States
among workers in 4-chloro-ortho-toluidine production and in rubber chemical manu-
facturing looked at bladder cancer incidence. Of these five studies, four observed a
very high excess of bladder cancer among ortho-toluidine-exposed workers. The fifth
study had limited power to detect a risk. In the two studies with data on duration of
exposure to ortho-toluidine, the highest risk was observed in the subgroup with the
longest duration of exposure. In none of these studies, however, could confounding by
concomitant exposure to various other potential bladder carcinogens be ruled out with
confidence, although co-exposures differed between studies.

5.3 Animal carcinogenicity data

ortho-Toluidine was tested for carcinogenicity as its hydrochloride salt in two
experiments in mice and in three experiments in rats and as the free base in one limited
experiment in hamsters. After oral administration to mice, it induced an increased
incidence of haemangiomas and haemangiosarcomas and hepatocellular carcinomas
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or adenomas. In rats, oral administration of ortho-toluidine increased the incidence of
tumours in multiple organs, including fibromas, sarcomas, mesotheliomas, mammary
fibroadenomas and transitional-cell carcinomas of the urinary bladder. 

5.4 Other relevant data

ortho-Toluidine undergoes extensive metabolism in vivo, with the bulk of the dose
being excreted in the urine within 24 h. Like other aromatic amines, it is thought to
undergo metabolic activation initially via N-hydroxylation, leading to covalent binding
to tissue macromolecules. Evidence that ortho-toluidine undergoes metabolic acti-
vation in vivo is supported by the fact that it forms both haemoglobin and albumin
adducts in laboratory animals and haemoglobin adducts in humans.

In rats, repeated administration of ortho-toluidine led to haemosiderosis, splenic
congestion, bone marrow and splenic proliferation and splenic fibrosis consistent with
a response to erythrocyte destruction.

Bacterial or bacteriophage assay systems showed negative or inconsistent data or,
at most, weakly positive results. In the yeast Saccharomyces cerevisiae, ortho-
toluidine caused reverse mutation at some loci and occasionally recombinational
events. It caused gain or loss of whole chromosomes and mutation of mitochondrial
DNA. In cultured mammalian cells, it generally caused sister chromatid exchanges
and sometimes also increased gene mutations, chromosomal aberrations and micro-
nuclei. It induced aneuploidy and increased cell transformation in such cells. ortho-
Toluidine may inhibit intercellular communication. It has been demonstrated to be a
mutagen but not a recombinogen in Drosophila melanogaster. In rodent models in
vivo, it enhanced sister chromatid exchanges but gave equivocal results for micro-
nuclei and sperm morphology.

5.5 Evaluation

There is limited evidence in humans for the carcinogenicity of ortho-toluidine.
There is sufficient evidence in experimental animals for the carcinogenicity of

ortho-toluidine.

Overall evaluation

ortho-Toluidine is probably carcinogenic to humans (Group 2A).
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