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Recommendation from the Scientific Committee on

Occupational Exposure Limits for

amitrole
Eight-hour TWA: 0.2 mg/ms
STEL (15 minutes): —
Notation: —

Biological Limit Value (BLV):
SCOEL carcinogenic group: D ('non-genotoxic carcinogen')

Substance identification
Amitrole:

H
N
I/ \
N\(N
NH-»
Synonyms: 1H-1,2,4-Triazol-3-amine; delta2-1,2,4-Triazoline 5-imino-; s-Triazole, 3-amino-; 3-
Amino-1,2,4-triazole
EC No.: 200-521-5
Annex | Index No.: 613-011-00-6
EU Classification: Repr.Cat.3; R63 - Xn; R48/22 - N; R51-53
CAS No.: 61-82-5
MWHt: 84.080
Conversion factor (20 °C, 101 kPa): 1 ppm = 3.50 mg/m3; 1 mg/m3 = 0.286 ppm
This evaluation is based on ACGIH (2001), ECB (2000), Greim (1998, 1999, 2002), Henschler

(1983), IARC (2001), WHO (1993, 1994a,b), FAO (1997) and the references cited in these
reviews.

Physico-chemical properties
Amitrole is a crystalline, colourless solid. The melting point of the substance is 157 -159 °C
and the vapour pressure is 5.79 « 107 hPa at 20 °C. The water solubility of amitrole is 280 -
335 g/l at 20 - 25 °C and the log Pow is -0.969. The substance has a density of 0.6 - 0.85
g/cm3 at 20 °C (ECB, 2000).
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1. Occurrence/use and occupational exposure

Amitrole is used as a herbicide and as a growth regulator for plants (ACGIH, 2001; IARC,
2001).

2. Health significance
2.1 Toxicokinetics

2.1.1 Human data

After intentional ingestion of approximately 20 mg/kg amitrole, a female subject excreted
the unchanged compound at a concentration of about 1 g/l in urine (Geldmacher-von
Mallingkrodt and Schmidt, 1970).

2.1.2. Animal data

The fraction of amitrole absorbed by the rat lung was 50% (ECB, 2000). The fraction of orall
absorption in rats was 70 - 95% (Fang et al., 1964, 1966; WHO, 1993; FAQ, 1997; IARC, 2001).
After dermal exposure of rabbits for 24 h, 70% remained at the application site and about
30% was absorbed (WHO, 1993). However, EC (2001) reported a dermal absorption rate of
only 1% (no further details). After oral or infravenous administration to mice, amitrole was
found first in the bone marrow, spleen, thymus and gastrointestinal tract. After 3 days,
amitrole was identified only in the livers of rats and mice (less than 3% of the administered
dose). Little metabolic fransformation of amitrole occurs in mammals. The two main urinary
metabolites in rats (3-amino-5-mercapto-1,2,4-triazole and  3-amino-1,2,4-triazolyl-(5)-
mercapturic acid) represented less than 10% of the administered dose. When rats were
exposed by inhalation to aqueous aerosols of amitrole (25.8 or 49.2 mg/ms3, 1 h), urine was
the major excretfion route. About 75% of the eliminated material was found in the urine
within 12 h. After oral administration, most of the compound was eliminated unchanged in
urine within 24 h. Minor amounts were found in faeces and expired air. Following dermal
exposure, rabbits excreted amitrole in urine and faeces in similar amounts (WHO, 1993;
FAO 1997; 1ARC, 2001).

Figure 1. Metabolic pathway of amitrole in rats
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2.1.3. Biological monitoring
There are no data available.

2.2. Acute toxicity

2.2.1. Human data

A single case report described the development of a severe alveolar damage after a
single 2 h exposure to a spray containing 19% amitrole, 17% ammonium thiocyanate, less
than 1% sodium diethylsulfosuccinate and less than 1% ethylene oxide (Balkisson et al.,
1992).

No foxic symptoms appeared following the intentional ingestion of 20 mg/kg amitrole by a
female subject (Geldmacher-von Mallingkrodt and Schmidt, 1970).

Astwood (1960) reported that a single oral dose of 100 mg amitrole inhibited radioiodine
uptake by the thyroid for 24 hours in both normal subjects and subjects with
hyperthyroidism. A dose of 10 mg (0.15 - 0.2 mg/kg, Henschler, 1983) had only a slight
effect on iodine uptake.

2.2.2. Animal data

The 4 h-inhalation LCso in rats was > 439 mg/ms3. The oral LDso was > 4000 - 25000 mg/kg in
rats and 11000 - 14700 mg/kg in mice. The dermal LDso values in rats and rabbits were >
2500 mg/kg and > 10000 mg/kg, respectively (Henschler, 1983; WHO, 1993, 1994b).

Signs of toxicity at high doses included depression, dyspnoea, diarrhoea, ataxia,
convulsions, coma and death. Macroscopic findings were irritation and haemorrhage of
the gastrointestinal fract (WHO, 1993). The presence of sodium carbonate, sodium
bicarbonate and wetting agents considerably increased the toxicity of amitrole (WHO,
1993).

2.3. Irritation and corrosivity

2.3.1. Human data

Amitrole was not irritating in a patch test with a human volunteer exposed for 4 or 8 hours.
A slight irritating effect was observed in 3 out of é subjects after 24 hours of exposure
(Hecht, 1954).

Amitrole-exposed workers in different plants occasionally developed mild dermatitis, which
was interpreted as a primary irritant effect (WHO, 1993).

2.3.2. Animal data

Skin

Dermal exposure of rabbits to 10000 mg/kg amitrole or rats to 2500 mg/kg produced mild
and reversible erythema (Elsea, 1954; IPCS, 1994).

Eyes

A single 4 h exposure by inhalation to 439 mg/m3 did not produce eye irritafion in rats
(ACGIH, 2001). The application of 3 mg into the conjunctival sac of rabbits caused mild
eye irritation (Elsea, 1954; IPCS, 1994).

Respiratory tract

A single 4 h exposure by inhalation to 439 mg/m3 did not irritate the respiratory tract of rats
(ACGIH, 2001).
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2.4. Sensitisation

2.4.1. Human data

A case study of a weed control operator with contact dermatitis was reported. Patch
testing with 1% amitrole resulted in a strong positive vesicular reaction on days 2 and 4,
indicating an allergic contact dermatitis (English et al., 1986).

2.4.2. Animal data

A Magnusson-Kligman maximisation fest with Freund’s adjuvant on guinea pigs yielded
positive results affer infradermal induction with 2.5% amitrole, dermal induction with 25%
and 2 challenges with 12% (Bayer AG, 1984). No sensitisation was observed in a Klecak
open epicutaneous test on guinea pigs, exposed 20-times dermally to 3 - 30% amitrole and
challenged twice with 1 - 30% amitrole (Bayer AG, 1985).

2.5. Repeated dose toxicity

2.5.1. Human data

No medical findings except skin irritation were reported in workers in different plants with
chronic amitrole exposure (Greim, 2001; WHO, 1994a). No effects on thyroid function (up
to 14 days after the end of exposure) were observed in men who had sprayed amitrole for
10 days. Their exposure was estimated to about 340 mg/d (5 mg/kg ¢ d) (Baughter et al.,
1982). In a study by Bayer AG (1983), thyroid function was examined in 5 employees
exposed to unknown level of amitrole who had worked for prolonged periods in the
production and packaging of the substance. There were no indications of thyroid
dysfunction.

2.5.2. Animal data

Rodents, especially rats, are more prone to thyroid effects than dogs or humans (see
section “recommendations”). These effects are reversible after cessation of exposure
(Greim, 1983).

Inhalation

No published studies are available.

In an unpublished study by Cox and Re (1978), F-344 rats (15 per sex and dose) were
exposed to amitrole aerosols at concentrations of 0, 100, 320, 990 and 4050 mg/m3 on 5
h/d, 5 d/w for 4 weeks. At 320 mg/m3 and above, hyperplasia of the thyroid was evident
and friiodothyronine (T3) levels were significantly depressed. Thyroxine (T4) levels were
significantly depressed at 990 and 4050 mg/ma3. The NOAEC of this study was 100 mg/m3.
Fischer rats (75 per sex and dose) were exposed by inhalation to 0, 15.8 - 32.2 and 97.9 -
376.4 mg/m3 (ranges for the two dose groups) on 5 h/d, 5 d/w on study weeks 1 - 13, 40 -
52 and 78 - 90, interrupted by recovery periods (Becci, 1983 cited in WHO). The exposure of
the high-dose animals was terminated early at week 51 (high mortality due to technical
problems, but not substance-related). The most prominent findings of exposure were
alterations of the thyroid in both dose groups, including reduced Ts and T4 levels, increased
organ weights and follicular hyperplasia. At the terminal sacrifice (after 24 months) there
was also an increased incidence of thyroid tumours.

ECB (2000) refers to a rat inhalation study with duration of 2 years, in which the animals
were exposed once a week (duration not stated) fo 2000 mg/ms3 amitrole aerosol. There
were no effects on mortality, body weights and tumour incidences. No histological
alterations in liver and thyroid were observed (no further details).
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Oral

Numerous studies examined the effects of short-term and long-tferm oral exposure to rafs
and mice (overviews in ECB, 2000; Greim, 1983; IARC, 2001; WHO, 1993, 1994a). Only the
most relevant studies concerning the effects on the thyroid are described here.

Fregly (1968) performed a study on rats (Blue Spruce Farm strain, 10 males per dose) in
order to establish the minimum dose affecting thyroid activity. Amitrole was administered
in the diet at concentrations of 0, 0.25, 0.5, 2, 10 or 50 mg/kg for 11 - 13 weeks. At 2 mg/kg
feed (0.1 mg/kg/d) and above, the uptake of iodine by the thyroid was reduced in a
dose-related manner. A decrease in the serum protein-bound iodine level was also
observed, but was not dose-related. Histological changes in the thyroid were noted at 10
and 50 mg/kg feed. The NOAEL of this study is 0.5 mg/kg feed (0.025 mg/kg/d).

This above NOAEL was corroborated by an unpublished rat study, which revealed a
NOAEL of 0.5 mg/kg feed (0.025 mg/kg ¢ d) and a threshold of 1 mg/kg feed (0.05
mg/kg/d) for decreased iodine uptake, reduced levels of Ts and T4 and increased thyroid
weight (Henschler, 1983). Further studies have confirmed the antithyroid effect of amitrole
at higher doses. EC (2001) reported a NOAEL of 0.1 mg/kg/d for thyroid effects in a 90-day
rat study, but no further details are given.

Thyroid effects were also seen in rat studies on reproduction, but at higher doses (see
section “reproductive toxicity”).

Beagle dogs (4 per sex and group) were exposed for one year to amitrole in the diet at
concentrations of 0, 10, 500 and 1500 mg/kg (corresponding to doses of 0.3, 13 and 32
mg/kg/d) (Bayer AG, 1994). The predominant finding was an effect on the thyroid starfing
at 500 mg/kg feed (enlargement, ectopic tissue, slight hypertrophy, follicular hyperplasia,
decreased levels of Ts and T4). Thrombosis, pigmentation, and haemorrhage were
observed in the thyroids at the highest dose. Haematological alterations typical of
hyperthyroidism included lower erythrocyte, haemoglobin and haematocrit counts as well
as slightly lower mean cell volume and mean cell haemoglobin. Pituitary hyperplasia (in
males at 1500 mg/kg) and hypertrophy (in males at 500 mg/kg feed and in both sexes at
1500 mg/kg feed) were also evident. Males at the high dose group showed a slight
decrease in food consumption and body weight as well as an increase in cholesterol
levels and platelet counts. No effects were observed at 10 mg/kg feed (0.3 mg/kg/d).
Rabbits developed cataracts after oral exposure to amitrole (0.2% in the diet or 0.2% in
drinking water) for up to 25 weeks (Bhuyan et al., 1973).

The thyroid effects in subchronic rat studies were reversible within 2-4 weeks after cessation
of exposure (Greim, 1981).

Dermal

Toxicity after dermal exposure was only observed at high doses.

No systemic toxicity was observed after dermal exposure of rats to 2.39 mg/kg/d once a
week for 23 months (ECB, 2000).

No local or systemic effects were observed following dermal exposure of rabbits to doses
of 0, 25 or 100 mg/kg/d for é h/d for 15 days (six animals per group, three animals per
group tested with abraded skin (Mihail and Schilde, 1984).

EC (2001) reported a NOAEL of 100 mg/kg/d for a 28-day dermal exposure study in rats,
but further details are not given.

Local effects and systemic maternal toxicity was observed in a dermal teratogenicity study
on rabbits. The LOAEL was 2000 mg/kg/d in rabbits, the NOAEL 1500 mg/kg/d (see section
“reproductive toxicology”).
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2.6. Genotoxicity

2.6.1. In vitro

Most of the in vitro tests on the genotoxicity of amitrole — either with and without metabolic
activation - yielded negative results, including tests in bacteria (Salmonella typhimurium of
different strain, Bacillus subtilis, E. coli), yeasts and fungi (Greim, 1998; IARC, 2001; WHO,
1994a). Tests with positive responses were criticised due to the use of inappropriate
methods (use of S9 from fish or mussels) or lack of documentation. However, it was stated
that in vifro tests may be insensitive because an in vivo activation could occur by
peroxidases, which are not present in vitro (Greim, 1998). No gene mutations were
induced in L5187Y mouse lymphoma cells or human fibroblasts but in Syrian hamster
embryo cells in vifro (HPRT- and Na/K ATPase locus). These cells are also sensitive to
morphological transformation by amitrole. The prostaglandin-H-synthetase activity, present
in Syrian hamster embryo cells, is suggested to be responsible for the sensitivity of these
cells. No chromosomal aberrations were observed in Chinese hamster lung cells or human
lymphocytes. One test on the induction of sister chromatid exchange in Chinese hamster
lung cells yielded a positive response; but without a dose-response-relationship (Greim,
1998; IARC, 2001; WHO, 1994a).

2.6.2. In vivo - Human data
Human data on the genotoxic effects in vivo are not available.

2.6.3. In vivo - Animal data

In a host-mediated assay with Salmonella typhimurium TA1530 in mice, a positive, but not
dose-related effect was observed. Amitrole did not induce dominant lethal mutations or
micronuclei in the bone marrow of mice (oral or infraperitoneal exposure). Unscheduled
DNA synthesis was not observed in rat hepatocytes in vivo (Greim, 1998; IARC, 2001; WHQO,
1994a). It did not induce mutations in Drosophila after oral exposure (Pontecorvo and
Fantaccione, 2005).

2.7. Carcinogenicity

2.7.1. Human data

Axelson and Sundell (1974) and Axelson et al. (1980) performed a cohort study on 348
railroad workers with exposure to amitrole, other herbicides and chemicals. In a sub-cohort
exposed to amitrole in combination with chlorophenoxy herbicides and other chemicals,
there was a significant increase in cancer deaths. However, in a sub-cohort mainly
exposed to amitrole alone, no significant increase in fumours was reported.

2.7.2. Animal data

In most of the available long-term inhalation and oral studies on mice and rats, amitrole
induced tumours of the thyroid (follicular-cell adenomas and carcinomas) at doses of
about 2.5 mg/kg/d and above. This effect was attributed to a specific sensitivity of rodents
(see “recommendations”) (Greim, 1998; IARC, 2001; WHO, 1993, 1994q).

Other target organs were the liver and pituitary. In the study by Napalkov (1962), Albino
rats were exposed for their whole life to amitrole via drinking water (resulfing in a dose of
20 - 25 mg/animal per day) or feed (doses of 250 and 500 mg/animal per day). The
incidence of liver tumours in surviving animals at the time of appearance of the first fumour
were 6/8 (drinking water study), 8/10 and 10/11 (250 and 500 mg group in the feed study,
respectively), for thyroid tumours 3/8, 2/10 and 5/11. This study lacked control groups.
Steinhoff et al. (1983) fed Wistar rats, NMRI mice and Golden hamsters with a diet
containing 0, 1, 10 and 100 mg/kg feed for their whole lifespan. They were estimated
induction of tfumors and thyroid function fest (in 5 animals for each species): thyroid
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weights, percentage of accumulation of radioiodine and protfein-bound radioiodine.
Increased incidences of malignant thyroid tumors and adenomas of the pituitary were
observed in female rats of the high dose group (36/41 vs. 14/59 in conftrols). No
carcinogenic effects were seen in mice or hamsters, but the administered doses were low.
The dose below which there was neither long-lasting interference with thyroid function nor
induction of fumors (NOAEL) for female rats was 10 mg/kg feed equivalent to 1.5 mg/kg
bw/day.

Table 1. Numbers of animals with tumor and distribution of tumors observed in liver,
pituitary, and thyroid gland (Steinhoff et al., 1983)

February 2009

< Animals Animals | Primary tumors o
Species % A\;D Sex with with Liver cells. Pituitary . Thyroid .
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9
B6C3F1 mice were exposed by Vesselinovitch (1983) to amitrole in the diet at ¥
concentrations of 500 mg/kg feed from weaning for 90 weeks. The tumour incidences in (o]
the liver were significantly increased. There was one hepatocellular adenoma in 98 control L
males, 9 adenomas and 11 carcinomas in 55 exposed males as well as 5 adenomas and 4
9
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carcinomas in 49 exposed females. Other studies on mice confirmed these findings, but
the mechanism of the formation of liver fumours is non-genotoxic (Greim, 1998; IARC,
2001).

No increased fumour incidences were observed after dermal exposure of rats to low doses
of 2.39 mg/kg/d once a week for 23 months (ECB, 2000).

The International Agency for Research on Cancer (IARC) in 1987 classified amitrole as
Group 2B (possibly carcinogenic to humans). The Working Group reported that amitrole
had been tested for carcinogenicity in mice by oral administration, skin application and
fransplacental exposure, in rats by oral and subcutaneous administration and in hamsters
by oral administration. After oral administration, it produced thyroid tumors and benign
and malignant liver tumors in mice of each sex, benign and malignant thyroid tfumors in
male and female rats and benign pituitary fumors in female rats. There was sufficient
evidence in experimental animals for the carcinogenicity of amitrole. No data were
available on the genetic and related effects of amitrole in humans.

The IARC Working Group in 2001 changed the classification and concluded that amitrole is
not classifiable as fo its carcinogenicity to humans (Group 3). In making its evaluation, the
Working Group concluded that amitrole produces thyroid tumors in mice and rafs by a
non-genotoxic mechanism, which involves interference with the functioning of thyroid
peroxidase, resulfing in a reduction in circulating thyroid hormone concentrations and
increased secretion of thyroid-stimulating hormone. Consequently, amitrole would not be
expected to produce thyroid cancer in humans exposed to concentrations that do not
alter thyroid hormone homeostasis. An additional consideration of the Working Group,
based on the lack of genotoxicity of amitrole, was that the liver tumors in mice and benign
pituitary tumors in rafs were also produced by a non-genotoxic mechanism.
Epidemiological studies and toxicological studies in experimental animals provide
compelling evidence that rodents are substantfially more sensitive than humans to the
development of thyroid fumors in response to thyroid hormone imbalance.

2.8. Reproductive toxicity

2.8.1. Human data
Human data on reproductive or developmental effects are not available.

2.8.2. Animal data

Fertility

Rats (Sherman strain) were exposed to amitrole in a one-generation study by Gaines et al.
(1973) at concentrations of 0, 500 and 1000 mg/kg feed (for Fo females: 31 - 43 mg/kg/d
and 68 - 86 mg/kg/d; for Fo males: 28 - 42 mg/kg/d and 60 - 87 mg/kg/d) from 55 days
before mating until weaning of the Fi generation. There was no effect on fertility, but the
body weights of the exposed Fo and Fi animals were reduced and spleen and thymus
were afrophic. A marked increase in offspring mortality was observed within the first week
after weaning.

Gaines et al. (1973) performed a subsequent two-generation study with 0, 25 and 100
mg/kg feed (for Fo females: 1.3 - 2.5 mg/kg/d and 4.8 - 9.6 mg/kg/d; for Fo males: 1.1 - 2.5
mg/kg/d and 4.2 - 9.5 mg/kg/d). There were no effects on reproduction or development,
but hyperplasia of the thyroid was observed in all treated groups of both studies.

More recent studies on reproductive toxicity by Savary (1994) and Richard (1995) are
available (unpublished, but extensively documented in FAO, 1997).

In a one-generation study by Savary (1994), Sprague-Dawley rats were exposed to
amitrole in the diet at levels of 0, 2, 10, 40 or 160 mg/kg (Fo females: 0.29, 1.4, 5.3 and 28
mg/kg/d; Fo males: 0.19, 0.94, 3.7 and 12 mg/kg/d) for 29 days before mating until
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weaning of the Fi pups. Af the highest dose, clinical signs of maternal toxicity were evident
and the mortality of Fi pups was increased in this group. Decreased body weights and
decreased feed consumption were seen at 160 mg/kg in Fo and F1 animals as well as in F
males at 40 mg/kg. Females at the highest dose had a lower implantation rate (12.1
implantation sites) than controls (16.6 sites), which was reflected in significantly lower birth
rates and litter sizes. The viability indices were not affected by the treatment. The number
of females with a normal oestrus cycle was decreased in a dose-related fashion in animals
at 40 or 160 mg/kg. At doses of > 10 mg/kg in males and at > 40 mg/kg in females, the
thyroid glands of Fo animals showed a dose-related increase in size and reddish
colouration. All animals exposed to 160 mg/kg also revealed ofther organ lesions
(reddened pituitary glands, greyish-white foci on the lungs, reduced adrenal glands and
spleen sizes). No treatment-related histopathological lesions were seen in pups killed on
day 14 post partum. Male and female Fi adults (40 mg/kg or above) had enlarged,
reddened thyroid glands and reddened pituitary glands. Histopathological examination
showed dose-related effects in the liver and pituitary gland in Fo and Fi animals, namely
decreased colloid content in females of both generations at 10 mg/kg and above,
vascular ectasia in all animals of both generations freated with 40 or 160 mg/kg, and
periadenitis in a small number of Fo males at 160 mg/kg.

In a subsequent two-generation study (Richard, 1995), groups of 30 male and 30 female
Sprague-Dawley rats were fed diefs containing amitrole at levels of 0, 0.5, 2, 15 or 110
mg/kg (Fo females: 0.04, 0.16, 1.2 and 7.8 mg/kg/d; Fo males: 0.03, 0.12, 0.9 and 5.9
mg/kg/d) from 72 days before mating throughout gestation and lactation for two
generations (Richard, 1995). Increased mortality and/or clinical signs of toxicity were
observed in Fi males and females of the highest dose group. Both Fo and Fi parental
animals at this dose had relevant decreases in feed consumption and body weight
throughout the study, the F1 generation being more affected. Animals of the 110 mg/kg
group showed widespread systemic toxicity in the form of increased weights and
histological alterations of the thyroid, pituitary and spleen, increased weights of testes,
epididymis, seminal vesicles (both generations), prostate and uterus (only Fi) and
decreased relative ovarian weights (Fo). Histopathological effects were also seen in
reproductive organs (testis and epididymis of Fi animals and in the ovaries, uterus, and
vagina in both generations). Many of the histopathological effects on the reproductive
fissues were considered to be related to immaturity of the animals at this dose. Other
affected organs in animals of the highest dose groups were the adrenals (decreased
weight, histopathological alterations), kidneys (increased weight, renal lesions) and liver
(hepatocellular hypertrophy). Owing to a low survival rate of F2 pups in this group,
freatment-related organ changes could not be identified. Significantly decreased mating
indices and decreased fertility indices were evident among Fi males and females, as well
as increased length of gestation in Fi females and a low implantation rate in Fo and F;
females of the highest dose. In the offspring there was a low prenatal survival in the F2
generation, significantly decreased mean litter size at day 1 (Fi and F2) and day 4 or 21 (F2
only) post partum, very low viability indices for the F2 generation and decreased F1 and F2
pup body weights during lactation. In the F2 generation at 110 mg/kg, there was a high
postnatal mortality. There appeared to be no effects on the development of the Fi pups
and the F2 generation could not be examined due to poor survival. At 15 mg/kg, the only
effect observed was a slight increase in the severity of some histopathological changes in
the thyroid. The NOAEL was 2 mg/kg (0.12 mg/kg/d) on the basis of thyroid effects. The
NOAEL for reproductive toxicity was 15 mg/kg feed (0.9 mg/kg/d).

Both studies showed similar effects. The pup survival was markedly reduced in the F2
generation of the two-generation study. The cause for the discrepancy with regard to liver
and pituitary effects at lower doses in the one-generatfion study than in the two-
generation study is unknown.
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Developmental toxicity

Tyl (1986a) exposed Sprague-Dawley rats to amifrole in doses of 0, 100, 500 or 1000
mg/kg/d by gavage on days 6 - 15 of gestation. Foetuses were examined on day 21 of
gestation. Furthermore, 14 females per dose level were allowed to litter and wean, and
were maintained unfil day 21 post partum. Food consumption and body weight gain of
dams were reduced at the two higher doses, and maternal thyroid weights were
increased atf these dose levels. At the highest dose, foetotoxicity was observed, including
reduced foetal body weight per litter, increased incidences of foetuses with unossified or
poorly ossified bones and an increased number of foetuses with enlarged and/or dark
thyroid. These latter findings in the thyroid were also observed in the 500 mg/kg/d dose
group. No teratogenicity was observed. The postnatal evaluations indicated no other
effects of the tfreatment. The NOAEL for maternal toxicity and developmental effects was
100 mg/kg/d (Tyl, 1986a).

In another developmental studies on rats (Long-Evans) with a similar design, a NOAEL of
1000 mg/kg/d was obtained (Bayer, 1977). The discrepancies in the NOAEL values may be
due to the use of different rat strains.

Tiaglve (1974) exposed NMRI mice on gestation days é - 18 to amitrole in drinking water (O,
500, 1000, 2500 and 5000 mg/l). At 1000 mg/I (140 mg/kg/d), maternal body weight gain
and foetal weights were decreased and skeletal development was retarded. The highest
dose produced an increased rate of resorptions. No teratogenic effects were observed.
The NOAEL for maternal toxicity and developmental effects was 500 mg/| drinking water
(70 mg/kg/d). Another study on mice reported a decrease of maternal and foetal body
weights and an increased foetal mortality after oral administration of 215 mg/kg/d from
days 6 - 14 of gestation (Bionetics Research Laboratories, 1968).

New Zealand white rabbits were exposed to amitrole by gavage at doses of 0, 4, 40, and
400 mg/kg/d on days 6 - 18 of gestation (Tyl, 1986b). The two higher doses caused a
reduced maternal body weight gain. At 400 mg/kg/d, there were also increased liver
weights. A dose-related increase in the number of abortions was observed (0, 1, 3 and 5
for conftrols, the 4, 40 and 400 mg/kg/d dose groups, respectively). The number of non-
viable implants per litter was increased and the percentage of live foetuses per litter as
well as the foetal weights per litter were decreased at 40 and 400 mg/kg/d (all statistically
significant only at the highest dose). At 40 and 400 mg/kg/d, there were significant and
dose-related increases in the incidence of malformations, especially of the head and
limbs, as well as visceral and skeletal variations. Effects on the foetal thyroid (enlargement,
discolouration) were also evident at these doses. The NOAEL for maternal and
developmental toxicity was 4 mg/kg/d (Tyl, 1986b).

Kolb (1994) exposed Russian rabbits to amitrole in doses of 0, 5, 20 or 80 mg/kg/d by
gavage on days é - 18 of gestation. Adverse effects were evident in the highest dose
group, consisting of reduced maternal feed consumption and body weight gain as well as
decreased foetal body weights and litter weights. There was no evidence of
teratogenicity. The NOAEL for maternal and foetal toxicity was 20 mg/kg/d. The
discrepancies between the rabbit studies may be due to the use of different strains and
the higher doses used in the study by Tyl (1986b).

Subcutaneous exposure of C57/BLé6 mice to 0, 215 and 464 mg/kg/d from days 6 -14 of
gestation resulted in a decrease of maternal body weight and an increased foetal
mortality at the higher dose (Bionetics Research Laboratories, 1968).

Dermal exposure of rabbits to 0, 1000, 1500 or 2000 mg/kg/d amitrole on days 7 to 19 of
gestation (6 h/d) produced dose-related dermal irritation of the treated skin. Anorexia,
decreased feed infake and decreased body weight gain as well as slightly reduced
uterine weights at term were observed at 2000 mg/kg/d. At this dose, there were also
effects on the offspring, consisting of reduced foetal weights, increased incidence of total
resorptions (mainly early resorptions) and malformations. The NOAEL for maternal and
developmental toxicity was 1500 mg/kg/d (Henwood, 1988).
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Recommendations

There is no sufficient human data to establish NOAEL/LOAEL or on which IOELV could be
based for occupational exposure for amitrole. This value will protect about disturbance of
thyroid.

In a patch test conducted with a human volunteer, amitrole exerted no primary dermal
iritant effect. Patch testing with 1% amitrole on a weed control operator showed a strong
positive vesicular reaction at 2 and 4 days, indicative of allergic contact dermatitis. Single
oral dose of 100 mg amitrole inhibited radiociodine uptake by the thyroid of both normal
and thyrotoxic subjects for 24 hours. A dose of 10 mg (0.15 - 0.2 mg/kg corresponding fo
about T mg/m3, Henschler, 1983) had a slight effect on iodine uptake. An epidemiological
study was conducted on Swedish railway workers exposed to various herbicides. A
statistically significant increase in the incidence of total tumors and lung tumors was found
among workers exposed to amitrole and combinations of other herbicides (Axelson et al.
1974). However, in a follow-up study which combined data from the earlier study, results
did not show a statistically significant increase in cancer incidence among those workers
exposed to amifrole alone (Axelson et al. 1980). The thyroid function of 5 employees
exposed fo unknown level of amitrole between 3 and 16 years did not change (Bayer
1983). However, no data for repeated human exposure are available.

Amitrole has a low acute toxicity when tested in a several species by various routes of
administration. The substance is rapidly absorbed from the gastrointestinal fract and lung.
It is rapidly distributed throughout most body fissues, but with a slight accumulation in those
fissues with a rapid cell turnover (bone marrow, spleen, thymus, gastrointestinal tract).
Amitrole passes through the placenta into the fetuses with the same distribution pattern as
in the mothers. Excretion is rapid after oral exposure. Within 24 hours, 70-95% of the
administered radioactivitley-labelled compound is excreted via the urine, mainly as the
parent compound. Based on experiences in animal sftudies, amitrole does not
demonstrate irritating properties (ACGIH, 2001). Evidence of a moderate sensitizing
potentfial was observed in a Magnusson-Kligman tfest but not in a Klecak open
epicutaneous test. Therefore the data is to weak for sensitization assessment. Also, no
reports on respiratory sensitization are available.

Exposure to amitrole leads to effects on the thyroid, which is also responsible for the
induction of thyroid cancers and for reproductive toxicity in animals. The mechanism of this
action is non-genotoxic.

Rodents, especially rats, are generally considered to be an especially sensitive species as
Henschler (1983) showed a slight effect af 0.15 — 0.2 mg/m3. Rats are more prone fo
disturbances of the thyroid hormone balance than humans or dogs due to the lack of
specific binding proteins in serum. Thyroid effects were reversible in the rat after cessation
of exposure (Greim, 1998; Henschler, 1983; IARC, 2001; WHO, 1994a,b).

Several rat studies, highlighted in Table 2, showed that the uptake of iodine in the thyroid
gland and other thyroid gland effects appeared to be the critical effect with a NOAEL
around 0.1 mg/kg/d.

If we take the lowest NOAEL (0.025 mg/kg) and directly make a route-to route
extrapolation (0.025 x 70/10) the OEL should be 0.2 mg/m3. As the lowest NOAEL is used
and rats are assumed to be the most sensitive species, no assessment factor is needed.

If departure from the dog study with a NOAEL of 0.3 mg/kg/d for the route-to-route
extrapolation and accepting an assessment factor of 10 as dog are not considered an
especially sensitive species, the occupational exposure limit estimate is also estimated to
be 0.2 mg/ma3. This value will protect against the disturbance of thyroid function in human,
where a slight effect occurred at 2 0.15 mg/kg, which corresponds to about 1 mg/m3 from
a route-to-route extrapolation assuming a 70 kg person inhaling 10 m3 per day.

With respect to the greater sensitivity of rodents to thyroid effects, amitrole would not be
expected to produce thyroid cancer in humans exposed to concentrations that do not
alter thyroid homeostasis (IARC, 2001). On the basis of the lack of genotoxicity, the benign
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pituitary tumours in rats and liver fumours in mice may be considered to be of non-
genotoxic origin (IARC, 2001).

A ‘“skin* notation is not proposed. Although one study reported a relevant dermal
absorption of 30% in rabbits after exposure for 24 h (WHO, 1993), EC (2001) documented a
dermal absorption of only 1%. No indication exists for a relevant skin sensitising potency of
amitrole.

There are no data available for biological monitoring.
At the recommended IOELV, no analytical difficulties are expected.

Table 2. Summary of lowest-observed-adverse-effects levels (LOAELs) and no-observed-

adverse-efefct levels (NOAELs) for amitrole.

Species

Type of study

Effects

Reference

Humans

Uptake of iodine in the
thyroid gland

Slight effect: 0.15-0.2
mg/kg

Henschler,
1983

Rats

Exposures were through
weeks: 1-13, 40-52 and 78-90
for 5h/d, 5d/w.

At about 25 mg/ma3:
decreased Tz and Ts,
increased thyroid weight
and follicular hyperplasia.

Becci, 1983

Rats

Amitrole in the diet for about
three months. Uptake of
iodine in the thyroid gland.

Reduced iodine uptake at
0.1 mg/kg/d (LOAEL).
NOAEL: 0.025 mg/kg/d
Another study: NOAEL: 0.1
mg/kg/d

Fregly, 1968

Unpublished
study

Rats

Life-long amitrol in the diet.
Tumours and thyroid function.

NOAEL: 1.5 mg/kg/d

Steinhoff et al.
, 1983

Rats

Amitrole in the diet. Two-
generation study.

About 2 mg/kg/d were
without effect on
reproduction and
development, but thyroid
gland hypertrophy
appeared, i.e. LOAEL.

Gaines et al.,
1973

Rats

One-generation study

About 1 mg/kg/d showed
dose-related effects in the
liver and pituitary gland in
Fo and F1 animals with
decreased colloid content
in females of both
generations, i.e. LOAEL.

Savary, 1994

Rats

Two generation study

About 7 mg/kg/d caused
increased death (Fi and
F2) and multiple organ
effects. The NOAEL was
0.12 mg/kg/d on the
thyroid effect and the
NOAEL for reproductive
toxicity was 0.9 mg/kg/d.

Richard, 1995

Beagle
dogs

Amitrole in the diet for 1 year.

Thyroid gland effects (Ts
and T4, hypertrophy,
follicular hyperplasia)
LOAEL: 13 mg/kg/d
NOAEL: 0.3 mg/kg/d

Bayer, 1994
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