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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in
the Work Area has re-evaluated the maximum concentration at the work place (MAK value) and
the Pregnancy Risk Group of ethanol [64-17-5].

Ethanol is produced endogenously. Uptake of greater amounts depresses the central nervous
system and is carcinogenic especially for the liver. The former MAK value of 500 ml/m? was de-
rived from a study in exposed subjects at rest. It was calculated that at 500 ml/m? the AUC
(product of the blood ethanol concentration and time of exposure) was similar to the standard
deviation of the lifetime AUC of endogenous ethanol. At 50 W physical activity, which corre-
sponds to a respiratory volume of 10 m* per day, the blood concentration of ethanol is about
twice as high as compared with that of subjects in rest. Therefore, taking into account the in-
creased respiratory volume at the workplace (see List of MAK- and BAT Values, Sections I b and
I c), the MAK value is now lowered to 200 ml/m?®. Since a systemic effect is critical, Peak Limita-
tion Category II is retained. As irritation was observed at 1900 ml/m?, the excursion factor is
now set to 4.

After oral uptake, ethanol causes developmental toxicity. The lowest reported concentration of
ethanol in the blood in pregnant rats causing effects in the F1-generation was 300 mg/l with a
NOAEC of 70 mg/l. In an inhalation study, the NOAEC for developmental neurotoxicity in rats
was 10 000 ml/m? which according to a PBPK model corresponds to a concentration of ethanol
in the blood of about 65 mg/l. These NOAEC are more than 10 times as high as the ethanol con-
centration of 1 mg/l in humans exposed to 200 ml/m? even considering the increased respiratory
volume at the workplace. Therefore, ethanol remains assigned to Pregnancy Risk Group C.

Keywords
ethanol; ethyl alcohol; toxicokinetics; metabolism; reproductive toxicity; developmental toxicity; peak limita-

tion; prenatal toxicity; occupational exposure; maximum workplace concentration; MAK value; toxicity; haz-
ardous substance

Author Information

Chair of the Permanent Senate Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area, Deutsche Forschungsgemeinschaft, Department of Food Chemistry and Toxicol-
ogy, Institute of Applied Biosciences, Karlsruhe Institute of Technology (KIT), Adenauerring 20a, Building
50.41, 76131 Karlsruhe, Germany

Permanent Senate Commission for the Investigation of Health Hazards of Chemical Compounds in the
Work Area, Deutsche Forschungsgemeinschaft, Kennedyallee 40, 53175 Bonn, Germany

~

®

Email: A. Hartwig (andrea.hartwig@kit.edu), MAK Commission (arbeitsstoffkommission@dfg.de)

The MAK Collection for Occupational Health and Safety 2018, Vol 3, No 4


mailto:andrea.hartwig@kit.edu
mailto:arbeitsstoffkommission@dfg.de

1870

Ethanol

[64-17-5]

Supplement 2018

MAK value (2017) 200 mi/m3 (ppm) £ 380 mg/m3
Peak limitation (2001) Category Il, excursion factor 4

Absorption through the skin -

Sensitization -

Carcinogenicity (1998) Category 5

Prenatal toxicity (1994) Pregnancy Risk Group C
Germ cell mutagenicity (2002) Category 5

BAT value -

1 ml/m? (ppm) £ 1.911 mg/m3 1 mg/m?3 £ 0.523 ml/m3 (ppm)

Documentation for ethanol was published in 1998 (documentation “Ethanol” 1999),
followed by a supplement reviewing the peak limitation category in 2001 (supple-
ment “Ethanol” 2010) and a supplement reviewing germ cell mutagenicity in 2002
(supplement “Ethanol” 2010).

In 2016, the Commission began using a revised approach for assessing substances
with a MAK value based on systemic effects and derived from inhalation studies
in animals or studies with volunteers at rest; this new approach takes into account
that the respiratory volume at the workplace is higher than under experimental
conditions. This applies to gases or vapour with a blood:air partition coefficient
greater than 5 (see List of MAK and BAT Values, Sections I b and I ¢). The blood:air
partition coefficient of ethanol is 1265 (documentation “Ethanol” 1999). This sup-
plement evaluates whether the MAK value and the pregnancy risk group for etha-
nol need to be re-assessed as a result of the higher respiratory volume at the work-
place.

Toxicokinetics and metabolism

The data for toxicokinetics and metabolism were already discussed in detail in the
documentation published in 1998 (documentation “Ethanol” 1999). Ethanol is read-
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ily absorbed, particularly after oral administration and after inhalation exposure. It
is absorbed also through the skin. Primarily, ethanol diffuses throughout the aque-
ous compartments of the body. It is rapidly converted to acetaldehyde in the liver.
Ethanol is formed also endogenously. The MAK value was derived from the endog-
enous ethanol levels (documentation “Ethanol” 1999).

Humans

In a more recent study, 5 male and 5 female non-smokers aged 22 to 32 years were
exposed at rest to ethanol concentrations of 125, 250, 500, 750 and 1000 ml/m? for
4 hours in an 18 m? exposure chamber as soon as the concentration in the chamber
was constant. In addition, test persons were exposed to concentrations of 750 ml/m?
for 4 hours, during which time the subjects were asked to exercise on a cycle ergom-
eter at 50 watts for 12 minutes each hour. Each day of exposure was followed by 7
exposure-free days and the test persons did not drink alcohol for 48 hours before
each exposure period. The ethanol concentrations in the blood and exhaled air were
determined before the beginning of exposure and after 1, 3, 4, 4.5 and 5 hours. The
steady-state concentration in the blood was always reached within 1 hour and in-
creased linearly with the exposure concentration. The values in men and women
were not found to differ significantly. One hour after the end of exposure, the etha-
nol concentration in the blood had almost returned to the level at the beginning of
exposure. Blood ethanol concentrations were 2 to 3 times higher during the interim
periods of physical activity on the cycle ergometer than they were during periods of
rest. The experimental values agreed better with the predicted values if the previ-
ously adjusted PBPK (physiologically based pharmacokinetic) model (see docu-
mentation “Ethanol” 1999) was refined by adding a further compartment with ex-
tra-hepatic metabolism of low capacity and high affinity in richly perfused tissues to
the brain, fatty tissue, liver, and well and poorly perfused tissue compartments
(Dumas-Campagna et al. 2014). The findings conclusively demonstrate that the
body burden of ethanol increases during physical exercise as a result of the in-
creased respiratory volume.

Animals

PBPK models were developed from published data for adult, pregnant and neonatal
rats after inhalation exposure and oral and intravenous administration and con-
firmed based on in vivo studies. The models predicted the concentrations in the
blood and tissues in all three stages of life with relatively good accuracy (Martin
et al. 2014). Maximum blood ethanol concentrations of 23 and 65 mg/] were calcu-
lated for pregnant rats after 6-hour exposure to 5000 and 10 000 ml/m?, respective-
ly (Beasley et al. 2014). These maximum blood ethanol concentrations were reached
within the first 2 hours and remained at the respective level in a steady state. At
21 000 ml/m?, the blood ethanol concentration only gradually increased, and the
maximum blood ethanol concentration of 1920 mg/l was reached only at the end of
the 6-hour exposure period. A steady state was not achieved. The respiratory min-
ute volume decreased within the first hour of exposure at the two low concentra-
tions and then remained constant, like the blood ethanol concentration. In contrast,
at 21 000 ml/m?, the respiratory minute volume decreased slowly but steadily, while
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the blood ethanol concentration slowly increased (Martin et al. 2014). A saturation
of metabolism was suggested as the cause of the large difference between the esti-
mated blood ethanol concentration of 1920 mg/I after exposure to 21 000 ml/m?
and the very low blood ethanol concentrations of 23 and 65 mg/1 after exposure to
5000 and 10 000 ml/m?, respectively (Beasley et al. 2014).

After comparing a single inhalation exposure (6.33 hours per day, 21 000 ml/m?)
with a single gavage dose (2000 mg/kg body weight) given to rats on gestation day
20, it was found that in both cases the modelled maximum concentrations in the
blood and brain of the dams and foetuses were of about the same level. After oral
administration, the maximum blood ethanol concentrations were about 2000 mg/1
and after inhalation exposure, they were about 1900 mg/l. However, in the case of
inhalation exposure, the maximum blood ethanol concentrations were reached
only at the end of the 6-hour exposure period, while they were reached within the
first hour after bolus administration. After 6-hour inhalation exposure, the blood
ethanol concentration decreased more rapidly after the end of exposure than after
oral bolus administration (estimated from the figure: basal values were reached af-
ter about 1.5 hours and 2 hours, respectively) (Figure 8; Martin et al. 2014).

Effects in Humans

Reproductive and developmental toxicity

There are no controlled inhalation studies available for ethanol at the workplace
that recorded exposure data and investigated offspring. As described in the docu-
mentation from 1998 (documentation “Ethanol” 1999), prenatal toxicity was in-
duced in humans and animals after oral administration of ethanol.

The “foetal alcohol spectrum disorders” (FASDs) comprise the entire continuum
of effects caused by prenatal exposure to ethanol. The “foetal alcohol syndrome”
(FAS) refers to the most severe form at the end of the spectrum (Dorrie et al. 2014;
Mattson et al. 2011). Qualitatively similar neuropsychological and behavioural dis-
orders occur across the entire spectrum (Mattson et al. 2011). Recognition, motor
coordination, attention, language development, executive functions, memory, so-
cial perception and emotion processing are impaired to a variable extent. In its
most severe form, the disorder is also manifest in structural changes in the cere-
brum and cerebellum (Dérrie et al. 2014).

In 2013 it was estimated that 130 to 5400 children with severe FAS are born in
Germany each year. This figure was calculated from data published in international
publications during the previous ten years that reported a prevalence of 0.2 to 8.2
per 1000 births and an annual number of births in Germany of about 678 000
(Landgraf et al. 2013).

There is extensive evidence that the consumption of ethanol doses of about 6 g/kg
body weight and day during pregnancy has a harmful effect on the foetus. However,
the effects of small amounts of ethanol of about 1 to 2 g/kg body weight and day are
unclear. The data suggests that even small amounts of ethanol may lead to be-
havioural problems such as hyperactivity (Poon and Leibowitz 2016).
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Animal Experiments and in vitro Studies

Developmental toxicity

Asreported in the documentation from 1998 (documentation “Ethanol” 1999), pre-
natal toxicity was induced in humans and animals after oral administration of etha-
nol. However, it is difficult to reach harmful blood ethanol concentrations by inha-
lation exposure.

The lowest reported maternal blood concentration at which effects were observed
in the offspring of pregnant rats that had been given oral doses of ethanol was
300 mg/l. One-trial learning on a moving platform version of the Morris water
maze and activity-dependent potentiation of evoked D-aspartate release from hip-
pocampal slices were diminished. These effects were no longer observed at a blood
concentration of 70 mg/l (Savage et al. 2002).

There are a large number of recent publications that studied the effects of oral
administration. The following describes only those publications with inhalation ex-
posure relevant to the workplace in which an exposure—effect relationship was ob-
served and the findings in the offspring were clearly caused by ethanol.

These studies are shown in Table 1.

In a study of the toxic effects of ethanol on prenatal development, groups of 18
pregnant Long Evans rats were exposed to concentrations of 0, 5000, 10 000 and
21 000 ml/m? from gestation days 9 to 20 for 6.5 hours per day. Behavioural tests
were performed on the offspring up to postnatal day 180. The horizontal motor
activity of male and female offspring was assessed together, as no statistical differ-
ences between the sexes had been determined with respect to the ethanol concen-
tration. Motor activity was slightly increased on postnatal day 62 at 5000 and
21 000 ml/m?, but not at 10 000 ml/m?. The grip strength in the hind limbs was de-
creased on postnatal day 29 after exposure to 5000 and 21 000 ml/m?, but not after
exposure to 10 000 ml/m?. In contrast, grip strength had increased on postnatal day
62 after exposure to 10 000 ml/m?, but not after exposure to the other two concen-
trations. As no systematic concentration—effect relationship could be established,
the directional changes observed in the effects across the concentrations varied and
the changes in effects at high concentrations were slight, little biological signifi-
cance is attributed to the changes observed at high concentrations. Blood samples
were not taken to keep the exposure conditions in the chambers constant (Beasley
et al. 2014). According to a PBPK model, the maximum blood concentration after
exposure to an ethanol concentration of 21 000 ml/m? is 1920 mg/1 (see Section
“Toxicokinetics and metabolism”; Martin et al. 2014).

In the male offspring of Long Evans rats exposed to ethanol concentrations up to
21 000 ml/m? from gestation days 9 to 20 (whole-body exposure, vapour, 6.5 hours
per day), no changes were detected during functional examination of the peripher-
al, somatosensory, auditory and visual nervous systems (Boyes et al. 2014).

In two different tests using the same test conditions, the same research group
observed impaired learning in female animals at the low concentration and above.
However, this effect was not concentration-dependent, which means that the find-
ings may have been affected by confounding through maternal care or altered anx-
iety levels in the offspring. After exposure to 21 000 ml/m?, an increased incidence
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of anticipatory responses in the choice reaction time test was observed in male
offspring. The incidence was dependent upon the concentration and the increase
was statistically significant in the high concentration group. This behaviour was
observed early on and lasted throughout the examination period. The effect was
interpreted as an increase in impulsive responses. The authors pointed out that
permanent effects are induced in the offspring as from blood concentrations of
about 2000 mg/1, which is reached at 21 000 ml/m?. The fact that not many perva-
sive cognitive deficits were observed after exposure to concentrations of
21 000 ml/m?, as was the case at the same blood concentration after oral adminis-
tration, is considered evidence of route-dependent differences in the toxicokinetics
of ethanol (Oshiro et al. 2014). The NOAEC (no observed adverse effect concentra-
tion) for developmental neurotoxicity was 10 000 ml/m?>.

Two studies with inhalation exposure of rats during pregnancy (Maciejewski-
Lenoir 1993; Zink et al. 2009) are not relevant for this assessment because they did
not include data for the concentrations in the air.

A publication discussed the construction of whole animal vapour chambers for
studying the toxic effects of prenatal exposure of mice to ethanol (Morton et al.
2014). This study is not included in the evaluation because it focuses primarily on
the measuring procedure and no effects are described.

Manifesto (MAK value/classification)

The critical effect of ethanol is its effect on the central nervous system and, after
long-term administration, its carcinogenic potential.

MAK value. A MAK value of 500 ml/m? was derived from a study of volunteers
at rest. Under these conditions, the AUC (product of the blood ethanol concentra-
tion and time of exposure) was 10.5 mg/l x years and thus within the standard de-
viation of the lifetime AUC of endogenous ethanol of 13.6 mg/I1 x years (documen-
tation “Ethanol” 1999). While carrying out physical activity at 50 watts, the blood
ethanol concentration of humans is 2 to 3 times as high as that of subjects at rest
(Dumas-Campagna et al. 2014). This is to be expected because of the high blood:air
partition coefficient of ethanol. Therefore, after exposure to 500 ml/m?, the AUC for
workplace exposure (20-30 mg/l x years) is outside the standard deviation of the
lifetime AUC of endogenous ethanol (documentation “Ethanol” 1999). The AUC for
exposure to 200 ml/m? under resting conditions was 4.2 mg/l x years. At an in-
creased respiratory volume, the AUC was about 8 to 12 mg/I x years and thus with-
in the standard deviation of the lifetime AUC of endogenous ethanol. For this rea-
son, the MAK has been lowered to 200 ml/m?.

Peak limitation. Ethanol remains classified in Peak Limitation Category II. The
MAK value was derived from the AUC, which means that the systemic effects are
not determined by the concentration. As irritation was observed in test subjects at
concentrations of 1900 ml/m? and above, but not at 1000 ml/m? as was described in
the documentation from 1998 (documentation “Ethanol” 1999), an excursion factor
of 4 has been established.
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Prenatal toxicity. As described in the documentation published in 1998 (docu-
mentation “Ethanol” 1999), prenatal toxicity is induced in humans and animals after
oral administration of ethanol. It was also pointed out in the documentation from
1998 (documentation “Ethanol” 1999) that the maternal blood ethanol concentra-
tions that are thought to cause these effects are within an order of magnitude that
can never be reached by inhalation exposure at the MAK value.

There are 3 new studies with inhalation exposure of pregnant rats in which off-
spring were examined for different end points of developmental neurotoxicity
(Beasley et al. 2014; Boyes et al. 2014; Oshiro et al. 2014). At the concentration of
21 000 ml/m?, an increase in anticipatory responses in the choice reaction time test
was observed in male offspring; the females were not tested for this task. This effect
was interpreted as an increase in impulsive response and as a permanent pervasive
cognitive deficit. The NOAEC for this effect was 10 000 ml/m? (Oshiro et al. 2014).
According to a PBPK model, the maximum blood ethanol concentration after inha-
lation exposure to concentrations of 21 000 ml/m?® was 1920 mg/l (Martin et al.
2014). This is equivalent to the blood ethanol concentration at which severe devel-
opmental toxicity was induced after oral administration. Differences in the severity
of the effects after inhalation exposure or oral bolus administration reflect route-de-
pendent differences in the toxicokinetics of ethanol (Oshiro et al. 2014). Using the
above PBPK model, blood ethanol concentrations of 65 mg/l were determined at
the NOAEC of 10 000 ml/m? (Oshiro et al. 2014). The lowest reported maternal
blood concentration at which effects were recorded in the offspring of pregnant rats
given oral doses of ethanol was 300 mg/l. No effects were observed at a blood con-
centration of 70 mg/1 (Savage et al. 2002). The estimated blood concentration at the
NOAEC of 10 000 ml/m? is thus within the range of the NOAEL (no observed ad-
verse effect level) of the oral exposure study. There is therefore extensive evidence
that after exposure to concentrations up to 10 000 ml/m?, maternal blood ethanol
concentrations do not reach levels that are thought to cause the toxic effects on
prenatal development observed in oral exposure studies. Therefore, even if the in-
creased respiratory volume is taken into consideration, prenatal toxicity is not to be
expected if exposure remains at the MAK value of 200 ml/m?. For this reason, eth-
anol remains classified in Pregnancy Risk Group C.
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