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o-Toluidine and its salts occur as intermediate in the production of dyestuffs and pigments. o-Toluidine is further-
more used in plastic production and vulcanization processes and also in pharmaceuticals and pesticides (IARC 2000;
NCBI 2020). The NOES (National Occupational Exposure Survey) showed that, between 1981 and 1983, 30 000 work-
ersin the USA alone were potentially exposed to o-toluidine or its salts (CDC 1991), including workers from different
branches of industry and fields of operation, for example laboratory workers, machine operators and cleaning per-
sonnel in the chemical industry. But also the general population is exposed to o-toluidine, as its presence could
be demonstrated in the air, in water, soil samples, clothing, medication, foods, beverages, and in tobacco smoke.
In 2006, due to the increased frequency of bladder tumours in occupationally exposed persons, o-toluidine was
classified in Carcinogen Category 1 by the Commission (translated in Hartwig 2014). In 2008, o-toluidine was also
classified by the IARC as human carcinogen (IARC 2010).

1 Metabolism and Toxicokinetics

1.1 Absorption and distribution

o-Toluidine is absorbed by inhalation or through skin contact (IARC 2000), whereby absorption through the skin
from the gaseous phase can also take place. Apart from occupationally exposed persons, the general population
is also exposed to o-toluidine detected in the air, in tobacco smoke, in food or in products manufactured using
o-toluidine (IARC 2000; NCBI 2020).

In vitro investigations using concentrations relevant to workplace conditions demonstrated that the dermal flux of
o-toluidine is not high, but that the absolute amount of 15% of the applied dose which penetrated within 24 hours
is comparable with the dermal penetration rate of other aromatic amines with a good skin penetration (Liiersen
et al. 2006; Wellner et al. 2005). In addition, using a skin protective cream, a far higher penetration through the skin
can result (Korinth et al. 2006 b). o-Toluidine has therefore been designated with an “H” (Hartwig 2014; Henschler
1992).

1.2 Metabolism

The metabolism of o-toluidine was described in the MAK Documentation from 1986 (translated in Henschler 1992;
see also OECD 2004). The toxicity of o-toluidine arises from a metabolic activation that can result in the forma-
tion of methaemoglobin (MetHb), haemoglobin- and DNA adducts. In this context, the most important reaction is
N-hydroxylation.

In the erythrocyte, hydroxylamine is metabolised to nitrosobenzene, thereby forming methaemoglobin. Through
the binding of the nitroso function to cysteine, haemoglobin (Hb)- and albumin adducts are formed. Due to their
stability, these can be used in biomonitoring. In the target organ of its carcinogenic activity, the urinary bladder, hy-
droxylamine can be bound either directly (in acidic pH) or indirectly (after O-acetylation) — probably via a reactive
nitrenium ion — to the DNA. The most frequent binding location in the DNA is, for aromatic amines, the C8 atom,
followed by the exocyclic nitrogen atom of deoxyguanosin. Alternatively, aromatic amines can also be directly
activated by cyclooxygenases to DNA-binding species not specified more closely.

1.3 Excretion

After absorption into the organism, o-toluidine is rapidly metabolised and excreted mainly with the urine. Exhala-
tion as well as accumulation in the organs is low (Cheever et al. 1980; Son et al. 1980).

Significant differences in o-toluidine excretion between men and women were found as regards exposure of the
general population to nitroaromatic compounds in the Federal Republic of Germany (Weiss and Angerer 2001).
Men excrete more toluidine than women. This is particularly noticeable in the case of p-toluidine. This sex-specific
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difference in excretion has already been observed in studies with rats (Chism and Rickert 1985; Rickert and Long
1981). The reasons for this sex-specific difference are not known to date.

2 Critical Toxicity

The acute toxicity of o-toluidine is based on methaemoglobin formation and the resultant reduced oxygen transport
capacity of haemoglobin.

o-Toluidine is classified as being genotoxic and shows aneugenic effects. In rats and dogs, especially bladder tumours
have been observed (Henschler 1992).

In humans, in various cohort studies with workers exposed to o-toluidine, the prevalence of bladder tumours
was significantly above the expected level. In most of these studies, effects from exposure to other potential or
demonstrated bladder carcinogens could not be completely excluded. For example, in the case of the largest cohort,
a co-exposure to aniline could be confirmed in addition to o-toluidine exposure (Markowitz and Levin 2004; Ward
et al. 1991).

On the basis of these studies, the Commission classified o-toluidine in Carcinogen Category 1 in 2006 (Hartwig
2014).

3 Exposure and Effects

Table 1 lists the studies in which the internal exposure of groups of persons exposed occupationally to o-toluidine
were measured.

Tab. 1 Studies on o-toluidine exposure in occupationally exposed persons

Workplace, collective o-Toluidine References
in air Hb adducts in urine
[pg/m3] [pg/g Hb; ng/l blood] [ng/1 urine]

Rubber production Ward et al. 1996
Workers exposed to o-toluidine and 412 £366
aniline (n=28) (AM +SD)
Smokers pre-shift (n=15) 14.3£10.2 (AM £SD)
Non-smokers pre-shift (n=28) 16.1£33.0 (AM £SD)
Smokers post-shift (n=15) 132.1£153.1 (AM £SD)
Non-smokers post-shift (n=27) 80.1+94.0 (AM +SD)
Total pre-shift (n=43) 15.4+27.1 (AM £SD)
Total post-shift (n=42) 98.7+119.4 (AM = SD)
Non-smokers (n=29) 41028+37679

6564+ 6028

(AM £SD)
Smokers (n=17) 40494 +22120

6551+ 3539

(AM+SD)
Total (n=46) 4083032518

6533+ 5203

(AM+SD)
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Tab. 1 (continued)

Workplace, collective o-Toluidine References

in air Hb adducts in urine

[pg/m3] [pg/g Hb; ng/l blood] [ng/1 urine]

Aromatic amine-based dye produc- <0.5ml/m? <0.3-1.7ppm (range)  Ott and Langner 1983
tion (n=342) <22 <0.3-1.7 (range)

(AM) measurement in 1948!
Pre-shift (n=46) 18+27 (AM +SD) Stettler et al. 1992;
Post-shift (n = 46) 1044111 (AMssD)  reassetal 1993
Occupational exposure Korinth et al. 2006 a
Healthy skin, smoker 58.29 74.83
Mild erythema, smoker 93.93 242.88
Burns, non-smoker 32.73 64.36
Dishydrotic eczema, non-smoker 26.63 54.65
Occupational exposure Riffelmann et al. 1995
Smokers (n=22) 0.6+1.0 (AM£SD)
Non-smokers (n=22) 0.4+1.1 (AM£SD)
Fast acetylators (n=25) 0.5+1.1 (AM+£SD)
Slow acetylators (n=20) 0.8+1.5 (AM+SD)
Occupational exposure and
smokers
Fast acetylators (n=15) 0.5+0.9 (AM +SD)
Slow acetylators (n=7) 0.8+1.0 (AM£SD)
Occupational exposure and non-
smokers
Fast acetylators (n=9) 0.5+1.3 (AM£SD)
Slow acetylators (n=12) 0.3+1.0 (AM+£SD)
Occupational exposure to aniline Ruder et al. 1992

and o-toluidine

Smokers pre-shift (n=19) 20.0 (AM)
Smokers post-shift (n=20) 135.6 (AM)
Non-smokers pre-shift (n=29) 17.5 (AM)
Non-smokers post-shift (n=32) 83.9 (AM)

AM = arithmetic mean; SD = standard deviation
Values in italics are calculated.

Ward et al. (1996) investigated concentrations of o-toluidine in the urine and of o-toluidine adducts in the blood
of 46 workers in chemical rubber production and 27 non-exposed persons were included as study controls. Indi-
vidual air monitoring was carried out in 28 exposed workers. A mean concentration of o-toluidine in the air of
412 +366 pg/m?3 was determined. The Hb adducts of o-toluidine were also determined in a number of these workers
not described in greater detail (see Table 1).

At the end of the shift, significantly higher o-toluidine values in urine were found in smokers
(132.1+153.1 ug/l urine) than in non-smokers (80.1 = 94.0 pg/l urine). However, no significant association between
smoking habits and Hb adduct level could be found. The Hb adduct concentrations after the end of the shift corre-
lated closely with o-toluidine values in urine, but not with o-toluidine values in the air.
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Ott and Langner (1983) investigated the mortality of 342 workers from three dye factories (exposure to aromatic
amines). The o-toluidine concentrations measured in the workplace air and in air samples from around the factories
were consistently below the detection limit of 0.5ml/m3 at that time, and the o-toluidine levels in urine, which
however had been determined as far back as in 1948, were within a range from “below the detection limit” (at that
time < 0.3 ml/m?) to 1.7 ml/m? in workers producing thioindigo.

In their study, Stettler et al. (1992) and Teass et al. (1993) investigated the pre- and/or post-shift urine samples of
53 workers exposed to aniline and o-toluidine and 36 non-exposed workers. In 46 workers exposed to o-toluidine,
the mean o-toluidine concentration after the shift was 104 £ 111 pg/l urine. No recorded parallel air measurement
values are available. The authors stated that the 17 times higher concentration of o-toluidine in pre-shift urine
samples (18 pg/l urine (arithmetic mean, AM)) in the exposed workers compared to the non-exposed (1.1 ug/l urine
(AM)) suggests that o-toluidine accumulates during a working week. The increase in the urinary o-toluidine levels
also in non-exposed workers (from 1.1 pg/1 urine (AM) to 2.7 ug/1 urine (AM)) can indicate that the o-toluidine con-
centrations in the air at the workplace are overall higher compared with the o-toluidine levels in the environment
outside the factory, even if no direct contact with o-toluidine at the workplace occurred (see Table 2).

Tab. 2 o-Toluidine exposure in persons not directly occupationally exposed

Collective o-Toluidine References
Hb adducts in urine
[ng/1 blood] [ng/1 urine]

Control group from the rubber industry Ward et al. 1996
(workers who only had direct contact with
vinyl chloride)
Smokers pre-shift (n=10) 0.9+0.7 (AM+SD)
Non-smokers pre-shift (n=16) 1.3+1.3 (AM+SD)
Smokers post-shift (n=9) 2.8+1.2 (AM+SD)
Non-smokers post-shift (n=16) 2.8+1.6 (AM£SD)
Total pre-shift (n=26) 1.2+1.1 (AM+SD)
Total post-shift (n=25) 2.8+1.4 (AM£SD)
Non-smokers (n=17) 3518 +5581pg/g Hb (AM +SD)

563+ 893 (AM +SD)
Smokers (n=10) 3510+ 7064 pg/g Hb (AM £SD)

562+ 1130 (AM £ SD)
Total (n=27) 3515+ 6036 pg/g Hb (AM +SD)

562+ 966 (AM £ SD)
Non exposed control group Stettler et al. 1992;

; Teass et al. 1993

Pre-shift (n=31) 1.1+1.0 (AM +SD)
Post-shift (n=31) 2.7+1.4 (AM+SD)
Occupationally non-exposed Riffelmann et al. 1995

(not defined in greater detail)

Smokers (n=38) 1.7+1.6 (AM £SD)

Non-smokers (n=23) 0.0+0.0 (AM£SD)

Smokers pre-shift (n=12) 1.0 (AM) Ruder et al. 1992
Smokers post-shift (n=11) 2.6 (AM)

Non-smokers pre-shift (n=20) 1.2 (AM)

Non-smokers post-shift (n=21) 2.3 (AM)

AM = arithmetic mean; SD = standard deviation
Values in italics are calculated.
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Korinth et al. (2006 a) investigated the respiratory and dermal absorption of o-toluidine in workers with contact to
vulcanization accelerators containing o-toluidine. According to their interpretation of the results from four case
reports, there was a relationship between skin condition (healthy to dishydrotic eczema) and the dermal absorption
of o-toluidine.

Riffelmann et al. (1995) determined the Hb adducts in 45 male workers with contact to aromatic amines in three
chemical factories (especially the synthesis and further processing of aniline and 4-chloroaniline; an exposure
to o-toluidine is not reliably given). o-Toluidine in urine was determined; the sampling time is not known. The
mean o-toluidine level in the urine of exposed smokers (0.6 + 1.0 ug/l urine) was higher than in exposed non-
smokers (0.4 1.1 pg/l urine). Furthermore, a differentiation was made between slow and fast acetylators (slow:
0.8 + 1.5 pg/l urine; fast: 0.5 + 1.1 pg/l urine). Furthermore, in this study, the urine samples from an occupationally
not directly exposed control group consisting of 16 men (8 smokers, 8 non-smokers) were also investigated (see
Table 2).

Ruder et al. (1992) investigated the pre- and post-shift urinary o-toluidine levels of workers exposed to o-toluidine
and aniline. The mean values are given in Table 1 (smokers post-shift: 135.6 ug/1 urine; non-smokers post-shift:
83.9 ug/1 urine). Furthermore, in 33 workers, the individual concentration of o-toluidine in the workplace air was
determined. The individual values from air monitoring were not given, though it was pointed out that the results of
the air measurements were clearly below the exposure limit of the Occupational Safety and Health Administration
(OSHA) of 22 mg/m? (5 ml/m?). The authors discuss absorption through the skin as an important exposure pathway
that cannot be determined by air monitoring alone.

To summarise, it can be said that the data available for the relationship between external and internal exposure at
the workplace are inadequate. Among other factors, this is because the internal exposure was determined in widely
differing groups of occupationally exposed persons, without verification of the external exposure. Furthermore, no
studies are available in which the internal o-toluidine burden (in blood or urine) was associated with acute health
effects.

4 Selection of Indicators

Occupational exposure to o-toluidine can be verified by the determination of o-toluidine in urine whereby, espe-
cially due to the rapid excretion, the workplace exposure over the preceding 24 hours is recorded (see Section 1;
Cheever et al. 1980).

In addition, the Hb adducts of o-toluidine can also be used for biomonitoring. These Hb adducts represent the mean
internal burden over the preceding 120 days (the lifetime of erythrocytes, e.g. Stettler et al. 1992).

5 Analytical Methods

Weiss and Angerer (2004) established two routine methods for the biomonitoring of aromatic amines. For biomoni-
toring in cases of exposure to o-toluidine, determination of the unchanged o-toluidine or the conjugated o-toluidine
excreted with the urine using capillary gas chromatography and electron capture detection is possible. In individual
cases, GC/MS coupling is to be recommended for a differentiated determination of the different aromatic amines
(Lewalter et al. 1994).

To determine the haemoglobin adducts, a method exists using gas chromatography/mass selective detection and
negative chemical ionization (Lewalter et al. 2001).

As o-toluidine furthermore belongs to the methaemoglobin formers (MetHb), determination of the MetHb levels
could also be carried out (Leng and Bolt 2016). Due to the instability of MetHb, however, this determination method
can hardly be used in practice.
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6 Background Exposure

6.1 Haemoglobin adducts of o-toluidine

In the study by Branner et al. (1998) a total of 103 pregnant women declaring themselves to be smokers (n = 25;
Hb adducts of o-toluidine: 289+ 25pg/g Hb (46 ng/l blood)) or non-smokers (n=78; Hb adducts of o-toluidine:
237+ 65pg/g Hb (38 ng/1 blood)) were investigated. Bryant et al. (1988) investigated male blood donors from Turin,
here also differentiating between the type of tobacco used in addition to smoking habits. In smokers using blond to-
bacco (n=43), they found average o-toluidine Hb adduct concentrations of 290 + 19 pg/g Hb (46.4 ng/1 blood). Men
stating they only smoked black tobacco (n=18) attained average Hb adduct concentrations of 329 + 22 pg/g Hb
(56.2ng/1 blood). For non-smokers (n =25), a mean value of 188 + 19 pg/g Hb (30.1ng/l blood) was given.

In the general population, Hb adducts of o-toluidine were found to range between 22.2 ng/1 blood (95" percentile:
101 ng/1 blood) in non-smokers (n = 154) and 25.0 ng/1 blood (95" percentile: 79 ng/l blood) in smokers (n = 46) (de-
tection limit: 0.5 ng/1 blood) (Weiss 2005).

6.2 o-Toluidine in urine

Numerous studies have been published in which o-toluidine in urine was determined (see Table 3). The background
exposures range between 0.03 to 172.93 pg/l urine for smokers and 0.03 to 34.2 pg/I urine for non-smokers.

Tab. 3 o-Toluidine in the urine or Hb adducts of o-toluidine in the blood of the general population without any occupational exposure

Collective o-Toluidine References
Hb adducts in urine
[ng/1 blood] [ng/1 urine]
General population total (n=1004) Kitting et al. 2009
Smokers (n=145) 0.13 (AM)
0.03-172.93 (range)
0.03 (median)

0.41 (95 percentile)

Non-smokers (n=2856) 0.1 (AM)
0.03-34.25 (range)
0.03 (median)
0.19 (95 percentile)

General population smokers (n=10) 0.204+0.059 pug/24h (AM) Riedel et al. 2006
General population non-smokers (n=10) 0.105+0.026 pug/24h (AM)
Munich children total (n=33) 632+ 206 pg/g Hb (AM £SD) Richter et al. 2001
101+ 33 (AM £SD)
Without exposure to cigarette smoke (n=15) 620+ 206 pg/g Hb (AM £SD)
99+ 33 (AM £SD)
With exposure to cigarette smoke (n=18) 642+ 212pg/g Hb (AM £SD)
103+ 34 (AM £SD)
Augsburg children total (n=123) 598 +298 pg/g Hb (AM +SD)
96 + 48 (AM £SD)
Without exposure to cigarette smoke (n=65) 621+327 pg/g Hb (AM £SD)
99+ 52 (AM £SD)
With exposure to cigarette smoke (n=58) 574+262pg/g Hb (AM £SD)
92+ 42 (AM +SD)
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Tab. 3 (continued)

Collective o-Toluidine References
Hb adducts in urine
[ng/1 blood] [ng/1 urine]
Eichstatt children total (n=64) 487 +295pg/g Hb (AM +SD)
78+ 47 (AM £SD)
Without exposure to cigarette smoke (n=39) 558 +328 pg/g Hb (AM +SD)
89+ 52 (AM+SD)
With exposure to cigarette smoke (n=25) 376 +191pg/g Hb (AM +SD)
60+ 31 (AM£SD)
Town population (n=98) 0.108 (median) Weiss 2005

0.356 (95 percentile)
<DL-0.851 (range)

Country population (n=99) 0.093 (median)
0.385 (95t percentile)
<DL-1.660 (range)

Total (n=197) 0.099 (median)
0.382 (95 percentile)
<DL-1.660 (range)

Non-smokers (n=115) 0.085 (median)
0.263 (95 percentile)
<DL-1.660 (range)

Passive smokers (n=37) 0.087 (median)
0.158 (95 percentile)
<DL-0.209 (range)

Smokers (n=45) 0.206 (median)
0.541 (95™ percentile)
<DL-0.838 (range)

Non-smokers (n=154) 22.2 (median)
101 (95 percentile)
<DL-5930 (range)
Smokers (n=46) 25.0 (median)
79 (95 percentile)
10-110 (range)
Total (n=200) 22.6 (median)

82 (95t percentile)
<DL-5929 (range)

Men, non-smokers 0.102 (median)
Women, non-smokers 0.08 (median)
General population (Mecklenburg- 0.10 (median) Schettgen et al. 2001
Vorpommern) (n=40) 0.28 (95t percentile)
<DL-0.81 (range)
Non-smokers (n=10) 0.03+0.01ng/g Hb (AM £SD) Stillwell et al. 1987
4.8ng/l blood
Smokers (n=12) 0.10+0.03ng/g Hb (AM £ SD)
16.0 ng/l blood
Non-smokers (n=>5) 142 + 85 fmol/g Hb (AM +SD) Falter et al. 1994
2.4ng/l blood
Smokers (n=6) 310+ 185 fmol/g Hb (AM £SD)
5.3ng/l blood
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Tab. 3 (continued)

Collective o-Toluidine References
Hb adducts in urine
[ng/1 blood] [ng/1 urine]
Non-smokers (n="78), only ¢ 237+ 65pg/g Hb Branner et al. 1998
38ng/l blood
Smokers (n=27), only ¢ 289+ 25pg/g Hb
46 ng/l blood
Smokers: blond tobacco (n=43) 290+ 19pg/g Hb (AM £SD) Bryant et al. 1988
46.4ng/l blood
Smokers: black tobacco (n=18) 329+22pg/g Hb (AM +SD)
52.6 ng/l blood
Non-smokers (n=25) 188+ 19pg/g Hb (AM +SD)
30.1ng/l blood

AM = arithmetic mean; DL = detection limit; SD = standard deviation
Values in italics are calculated.

7 Evaluation

From the studies available, at present no correlation between external and internal exposure can be determined.
The derivation of an EKA correlation is thus not possible. An (incomplete) relationship between air measurements
and the presence of o-toluidine Hb adducts in blood is documented only in one study (Ward et al. 1996).

Also, the derivation of a health-based biological guidance value (BLW) is at present not possible, as no relevant
health endpoints were investigated in the available studies which would make the derivation of a BLW appear
sensible.

Therefore, it must be considered whether a biological reference value (BAR) can be derived for o-toluidine from
the data of the general working population not occupationally exposed to the substance. The studies described in
the preceding sections clarified that o-toluidine or its Hb adducts can be detected in biomonitoring studies of the
general population and are decisively influenced by the smoking habits of the persons.

Hb adducts of o-toluidine The Hb adducts of o-toluidine have been determined in several studies. A study by
Richter et al. (2001) cannot be taken as reference for the derivation of a BAR, as it comprises an investigation in
children. The study by Branner et al. (1998) relates to a selected collective of pregnant women, which is also not
useful for deriving a BAR. The studies by Bryant et al. (1988), Falter et al. (1994), Stillwell et al. (1987) as well as
the results from the study by Weiss and Angerer (2004) remain to derive a BAR for the Hb adducts of o-toluidine.
However, due to the small number of cases and the heterogeneous collectives, this parameter is not suitable for
deriving a BAR at the moment.

o-Toluidine in urine In the study by Riedel et al. (2006), the analysis of o-toluidine relates to a 24-hour urine.
Sampling in this way cannot be performed in practice. Thereby, the studies by Weiss (2005), Schettgen et al. (2001)
and Kiitting et al. (2009) are used to derive a BAR. Due to the number of cases investigated, the study by Kiitting et al.
(2009) is particularly relevant. Here, an o-toluidine value of 0.19 pg/1 urine (95 percentile) is given for non-smokers
and a value of 0.41ug/l urine for smokers. In the investigations by Weiss and Angerer (2004), the 95 percentile
of the results was 0.26 pg/l urine for non-smokers and 0.54 pg/l urine for smokers. Schettgen et al. (2001), in their
sample population, report a 95 percentile value of 0.28 ug/l urine in the general population (no differentiation
between smokers and non-smokers).

The MAK Collection for Occupational Health and Safety 2021 9
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Taking into account the cited studies, the following
BAR of 0.2 ug o-toluidine/l urine
evaluated for non-smokers, is established. Sampling should be carried out at the end of exposure or end of shift.

Note: It is necessary to perform hydrolysis, so this BAR is no longer valid. For updates please refer to Klotz (2021).

8 Interpretation

Determination of o-toluidine in urine means that changes in exposure can be detected fairly soon. Repeating the
measurement at weekly intervals is possible.

The BAR relates to normally concentrated urine, in which the creatinine concentration should be in the range of
0.3-3.0 g/1. In addition, the Commission considers it useful, for further improving the validity of the analyses, to
select a narrower target range of 0.5-2.5 g/1 for urine samples. As a rule, where urine samples are outside the above
limits, a repetition of the measurement in normally hydrated volunteers is recommended (Bader et al. 2016).

Notes

Competing interests

The established rules and measures of the Commission to avoid conflicts of interest (https://www.dfg.de/en/dfg_
profile/statutory_bodies/senate/health_hazards/conflicts_interest/index.html) ensure that the content and conclu-
sions of the publication are strictly science-based.
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