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4-tert-Octylphenol /
4-(2,4,4-trimethyl-
pentan-2-yl)phenol

MAK Value Documentation

A. Hartwig"’, MAK Commission>"
DOI: 10.1002/3527600418.mb14066kske6318

Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in
the Work Area has evaluated the developmental toxicity of 4-tert-octylphenol. In 2015, the max-
imum concentration at the workplace (MAK value) for 4-tert-octylphenol was set at 0.5 ml /m?
(4.3 mg/m?®).

In a screening study in rats with gavage administration, litter size and body weight of the proge-
ny at postnatal day 4 was reduced at 500 mg/kg body weight and day, accompanied by maternal
toxicity. A NOAEL for foetotoxicity of 250 mg/kg body weight and day was derived, correspond-
ing to a concentration of 28.5 ml/m? at the workplace. In a 2-generation feeding study in rats,
foetotoxicity was not observed until postnatal day 13. At 111-369 mg/kg body weight and day,
vaginal opening or preputial separation of the F2 progeny was delayed. A NOAEL of 10.9—-
32.6 mg/kg body weight and day was derived for postnatal developmental toxicity in rats, corre-
sponding to 1.2—3.7 ml/m?®. Because adequate studies of prenatal developmental toxicity over the
complete period of organogenesis are lacking, data are not sufficient for classification and
4-tert-octylphenol is assigned to Pregnancy Risk Group D.

Completed: October 7, 2015
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4-tert-Octylphenol’

[140-66-9]
Supplement 2017

MAK value (2015)
Peak limitation (2015)

Absorption through the skin
Sensitization
Carcinogenicity

Prenatal toxicity (2016)

Germ cell mutagenicity

BAT value

Developmental Toxicity

In 2015, a MAK value of 0.5 ml/m?® was established for 4-tert-octylphenol (docu-
mentation “4-tert-Octylphenol” 2016, available in German only). In this supple-

0.5 ml/m? £ 4.3 mg/m?

Category |, excursion factor 1

Pregnancy Risk Group D

ment, 4-tert-octylphenol is assigned to a pregnancy risk group.

4-tert-Octylphenol was added to the REACH Candidate List as a Substance of
Very High Concern because 4-tert-octylphenol affects the hormone system in fish

and thus impairs their development and reproduction (UBA 2011).

4-tert-Octylphenol is a substance that, for example, binds to the oestrogen recep-
tor, affects spermatogenesis and oestrus in rats and mice, damages the uterus and
ovaries or testes and epididymis, and disturbs the metabolism of sex hormones

(documentation “4-tert-Octylphenol” 2016, available in German only).

Toxic effects on prenatal development

Studies of toxic effects on prenatal development are listed in Table 1.

1) The substance can occur simultaneously as a vapour and aerosol.

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 3
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After oral administration of 4-tert-octylphenol to Wistar rats, a NOAEL (no ob-
served adverse effect level) for foetotoxic effects of 15.6 mg/kg body weight and day
and a LOAEL (lowest observed adverse effect level) of 31 mg/kg body weight and
day were derived for early prenatal development from the time of mating to gesta-
tion day 8 (Harazono and Ema 2001). However, the study did not cover the period
up to gestation day 15 that is required for the examination of toxic effects on prena-
tal development. Likewise, a full evaluation of the teratogenic effects was not possi-
ble because only external malformations were recorded.

The effects observed in rats or mice after intraperitoneal exposure (Sainath et al.
2011) are not included in the evaluation because the form of administration may
have had a direct effect on the foetuses and these studies are therefore not relevant
to exposure at the workplace. Likewise, the studies in rabbits with subcutaneous
injection on alternate days (Veeramachaneni 2006) and also in sheep (Sweeney
et al. 2000) and pigs (Gralén et al. 2012) are not considered because there are no
adequate reference values or standardized methods available for this type of admin-
istration or these animal species.

Screening and generation studies

The results of the screening and generation studies are listed in Table 2.

In a screening study in rats that were given gavage doses of 4-tert-octylphenol,
initial effects on the foetuses were observed together with maternal toxicity at
500 mg/kg body weight and day and above. The NOAEL for foetotoxicity was
250 mg/kg body weight and day (Sandoz Chemicals Ltd 1995).

In a 2-generation study in rats given 4-tert-octylphenol with the diet, the time of
vaginal opening or preputial separation was delayed in the F2 offspring at the high
dose of 111 to 369 mg/kg body weight and day. At the same time, maternal toxicity
was observed in the form of reduced body weights or reduced body weight gains.
No adverse effects on the litter parameters or reproductive organs of male offspring
were detected up to postnatal day 13. The body weight gains in the offspring were
decreased at 111 to 369 mg/kg body weight and day on postnatal day 14 and there-
after. The NOAEL for toxic effects on postnatal development and maternal toxicity
was 10.9 to 32.6 mg 4-tert-octylphenol/kg body weight and day (Tyl et al. 1999).

A 3-generation study in rats, which included the treatment of pups, examined
only effects on the liver (Herndndez-Rodriguez et al. 2007). Effects that are induced
by the treatment of pups are not suitable for evaluating the adverse effects on health
of 4-tert-octylphenol at the workplace.

After the subcutaneous treatment of sows with 4-tert-octylphenol during gesta-
tion, the onset of puberty was accelerated in the female offspring at 10 mg/kg body
weight and day and above, and the litter size of the F2 generation was reduced at
100 mg/kg body weight and day (Begh et al. 2001). The results are not included in
the evaluation because there are no adequate reference values or standardized
methods available for this animal species.

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 3
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Toxic effects on postnatal development

The effects on sex organs or other organs observed in the offspring of rats and mice
after postnatal oral, subcutaneous or intraperitoneal treatment with 4-tert-octyl-
phenol (An et al. 2013; Atanassova et al. 2000; Aydogan and Barlas 2006; Bicknell
et al. 1995; Blake and Ashiru 1997; Fisher et al. 1999; Goktekin and Barlas 2008;
Gotz et al. 2001; Herath et al. 2001; Kamei et al. 2008; Katsuda et al. 2000; Mikkila
et al. 2006; Myllymaki et al. 2005; Nagao et al. 2001; Pocock et al. 2002; vom Saal
et al. 1998; Sharpe et al. 1995, 1998, 2003; Williams et al. 2001; Willoughby et al.
2005; Yoshida et al. 2001, 2002 a, b) are not included in the evaluation because these
studies are not relevant to exposure at the workplace and there may be direct effects
on the foetuses after intraperitoneal injection.

It is assumed that exposure to 4-tert-octylphenol during gestation may lead to
hyperactivity in the offspring (Masuo et al. 2004; Christian and Gillies 1999). The
results of motor hyperactivity are not considered in the evaluation of toxic effects
on postnatal development because studies with intracisternal administration are
not relevant to exposure at the workplace.

Summary

Based on the post-implantation losses that were observed at 31.3 mg/kg body
weight and day and above, a NOAEL for foetotoxicity of 15 mg 4-tert-octylphenol/
kg body weight and day was derived from the available studies for early prenatal
developmental toxicity in Wistar rats up to gestation day 8. A full examination of
the teratogenic effects was not carried out (Harazono and Ema 2001). There are no
studies available with exposure to 4-tert-octylphenol up to gestation day 15 (rats) or
19 (rabbits) that were carried out in conformity with test guidelines.

A screening study in rats that were given gavage doses of 4-fert-octylphenol re-
vealed initial effects on the foetuses together with maternal toxicity at 500 mg/kg
body weight and day and above. The NOAEL was 250 mg/kg body weight and day
(Sandoz Chemicals Ltd 1995). The screening study relativizes the findings obtained
in the study with treatment of rats from mating to gestation day 8 because the
screening study did not reveal any effects on the offspring after treatment through-
out gestation.

In a 2-generation study with rats given 4-tert-octylphenol with the diet, reduced
body weight gains and delayed vaginal opening or preputial separation were ob-
served in the F2 offspring together with maternal toxicity at the high dose of 111 to
369 mg/kg body weight and day on postnatal day 14 and thereafter. The NOAEL for
toxic effects on postnatal development and maternal toxicity was 10.9 to 32.6 mg
4-tert-octylphenol/kg body weight and day (Tyl et al. 1999).

Manifesto (Developmental Toxicity)

Prenatal toxicity. In the only study of the toxic effects of 4-tert-octylphenol on
prenatal development with a restricted duration of treatment up to gestation day 8,
the number of post-implantation losses per litter was increased and the number of
live offspring therefore reduced in Wistar rats at 31.3 mg/kg body weight and day
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and above. This dose also caused maternal toxicity. A full evaluation of the terato-
genic effects was not carried out (Harazono and Ema 2001). In a screening study
carried out in Sprague Dawley rats with 4-tert-octylphenol according to OECD Test
Guideline 421, the litter size and the body weights of the offspring were reduced and
maternal toxicity was observed on postnatal day 4 at 500 mg/kg body weight and
day. The NOAEL for foetotoxicity was 250 mg/kg body weight and day (Sandoz
Chemicals Ltd 1995) and relativizes the finding of post-implantation losses. In the
2-generation study, foetotoxicity was not observed up to postnatal day 13, but the
time of vaginal opening or preputial separation was delayed at 111 to 369 mg/kg
body weight and day. The NOAEL for toxic effects on postnatal development was
thus 10.9 to 32.6 mg/kg body weight and day (Tyl et al. 1999).

The following toxicokinetic data are used to extrapolate the NOAEL for foetotox-
icity of 250 mg 4-tert-octylphenol/kg body weight and day and the NOAEL for tox-
ic effects on postnatal development of 10.9 to 32.6 mg/kg body weight and day in
rats to a concentration in workplace air: the daily exposure of the animals in com-
parison with the exposure for 5 days per week at the workplace (7:5), the corre-
sponding species-specific correction value for the rat determined on the basis of the
toxicokinetic data (1:4), the ratio of the effects of inhalation exposure to those of the
oral dose of 0.4 (see documentation “4-tert-Octylphenol” 2016, available in German
only), the body weight (70 kg) and the respiratory volume (10 m®) of the person, and
the assumed 100% absorption by inhalation. The resulting concentrations of 245
and 10.7 to 31.8 mg/m?® (28.5 and 1.2 to 3.7 ml/m?) are 57 times higher and 3 to 8
times higher than the MAK value of 0.5 ml/m? (4.3 mg/m?3).

With no adequate studies of toxic effects on prenatal development available and a
full evaluation of teratogenicity still outstanding, 4-tert-octylphenol is classified in
Pregnancy Risk Group D.
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