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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) of meth-
acrylic acid of 5 ml/m3, considering all toxicity endpoints. Available unpublished study reports 
and publications are described in detail. The critical effects of methacrylic acid are goblet cell 
hyperplasia/hypertrophy in the respiratory epithelia and reduced body weight gain in rats, prob-
ably a secondary effect of the irritation at 350 ml/m3 in a 90-day study. Since 2014 the Commis-
sion uses an empirical approach to set MAK-values for substances with critical effects on the 
upper respiratory tract or the eyes. According to this approach, the NOAEC of 100 ml/m3 corre-
sponds to a work place air concentration of 33 ml/m3. As the goblet cell hyperplasia is judged to 
be adaptive and its incidence is not significantly increased, the MAK value is elevated to 50 ml/m3. 
Since local effects are critical, the assignment to Peak Limitation Category I and the excursion 
factor 2 are confirmed. Studies with the read-across methyl methacrylate which is cleaved to 
methacrylic acid show that damage to the embryo or foetus is unlikely when the MAK value for 
methacrylic acid is observed, and the assignment to pregnancy risk group C is confirmed. Meth-
acrylic acid and methyl methacrylate are not genotoxic. Carcinogenicity studies with methacrylic 
acid are lacking but methyl methacrylate is not carcinogenic. Skin contact does not contribute 
significantly to systemic toxicity and sensitization is not expected.
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Methacrylic acid

[79-41-4]

Supplement 2016

MAK value (2015) 50 ml/m3 (ppm) ≙ 180 mg/m3

Peak limitation (2005) Category I, excursion factor 2

Absorption through the skin –

Sensitization –

Carcinogenicity –

Prenatal toxicity (2005) Pregnancy Risk Group C

Germ cell mutagenicity –

BAT value –

1 ml/m3 (ppm) ≙ 3.572 mg/m3 1 mg/m3 ≙ 0.280 ml/m3 (ppm)

Since the documentation from 2006 (documentation “Methacrylic acid” 2010), 
studies have been carried out which make a re-evaluation of the substance neces-
sary. Also studies with methacrylic acid methyl ester are used in the evaluation of a 
number of systemic end points. Cleavage of the ester by carboxylesterases is as-
sumed to be complete, as the competing reaction with glutathione plays a minor 
role. For this reason, no great difference is to be expected in the bioavailability of the 
amount of methacrylic acid released from methacrylic acid methyl ester, compared 
with the absorption of methacrylic acid itself (documentation “Methacrylic acid” 
2010). After inhalation, the target tissue of both substances is the upper respiratory 
tract. In the upper respiratory tract of rats, deposition of methacrylic acid methyl 
ester is 10% to 20% (supplement “Methyl methacrylate” 2010); that of methacrylic 
acid is 95% (Section 3.1). Therefore, the assessment of systemic end points using 
inhalation studies with methacrylic acid methyl ester probably represents an over-
estimation of the systemic exposure to methacrylic acid, as a much smaller amount 
of methacrylic acid enters the lungs and consequently reaches the blood.
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1    Toxic Effects and Mode of Action

Methacrylic acid has mainly local effects. It is corrosive on the skin and in the eyes. 
In a 90-day inhalation study with Sprague Dawley rats, slight hypertrophy or hyper-
plasia of goblet cells of the respiratory epithelium of the nose was observed in 2 fe-
male animals at the concentration of 350 ml/m3. At the same time, non-specific 
systemic effects were found, such as, for example, reduced body weights in male 
and female rats at the end of the study and a statistically significant reduction in 
body weight gains in male rats during the study. In humans, there is no clear evi-
dence of contact sensitization; corresponding animal studies yielded negative re-
sults. Studies of sensitizing effects of methacrylic acid on the respiratory tract are 
not available. A developmental toxicity study in rats did not produce such effects up 
to the highest concentration of 300 ml/m3. There are no fertility studies available 
with methacrylic acid; in an oral 2-generation study with methacrylic acid methyl 
ester in rats, however, no effects on fertility and development of the offspring were 
found at dose levels up to 400 mg/kg body weight and day. A Salmonella mutagen-
icity test with methacrylic acid yielded negative results. There are no other investi-
gations available of the genotoxicity and carcinogenicity of the substance. A com-
parison with the data for methacrylic acid methyl ester shows that no hazard is to 
be expected for these end points.

2    Mechanism of Action

The local effects in the nose can be explained by the acidic character of the sub-
stance. Also, the double bond can presumably react with nucleophiles (for example 
glutathione), as demonstrated in the case of acrylic acid (Esterbauer et al. 1975). 
This reaction, however, is probably comparatively slow, as methacrylates are less 
reactive than acrylates (Osman et al. 1988). Under physiological conditions, meth-
acrylic acid (pKa 4.66) exists mainly in dissociated form as a methacrylate anion, 
which further reduces its nucleophilic reactivity as a result of the shift in the charge 
of the carboxylate group in the direction of the double bond.

3    Toxicokinetics and Metabolism

3.1    Absorption, distribution, elimination

In rats, 95% of the methacrylic acid inhaled under conditions in which the flow is 
unidirectional is deposited in the upper respiratory tract. This suggests that meth-
acrylic acid affects the upper respiratory tract and hardly reaches the lungs. This 
assumption is confirmed by the results of the 90-day study (documentation “Meth-
acrylic acid” 2010, Section 5.2.1).

In the case of the human nasal tract, the retention of 78% of the methacrylic acid 
has been predicted after exposure to 10 to 80 ml/m3 and the exposure of the human 
olfactory tissue is expected to be 2 to 3 times lower than that of rats. Because of 
various weaknesses, the model was, however, criticized (documentation “Meth
acrylic acid” 2010).
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A pharmacokinetic model has been developed and validated for methacrylic acid. 
On the basis of the kinetics determined in the validation study with Fischer-344 
rats, the half-life in blood after intraperitoneal administration of 10 and 20 mg/kg 
body weight was 1.7 minutes. The PBPK model revealed a half-life in blood of 2.5 
minutes for humans after simulation under comparable conditions (intravenous in-
jection of 10 mg/kg body weight) (ECHA 2014 a). This is consistent with the obser-
vation in hip operations using bone cement containing methacrylic acid methyl 
ester that the maximum concentration of methacrylic acid, as the primary metabo-
lite of methacrylic acid methyl ester, is reached within the first five minutes, after 
which time methacrylic acid does not continue to accumulate. At this point in time, 
the concentration of methacrylic acid methyl ester is approximately as high as the 
methacrylic acid concentration (Crout et al. 1979). Unfortunately, only the maxi-
mum, but not the further kinetics, were documented. Thus, it must be assumed that 
at least 50% is cleaved to form methacrylic acid, but presumably cleavage is com-
plete, as the competing reaction with glutathione is of minor importance (docu-
mentation “Methyl methacrylate” 1992).

In a skin permeation study with isolated epidermis from Wistar rats, a maximum 
permeation rate of 23 825 ± 2839 μg methacrylic acid/cm2 and hour and the absorp-
tion of 93% of the applied dose within 24 hours were determined. The maximum 
permeation rate was attained during the first four hours. In a further study with the 
intact skin of Wistar rats, the maximum permeation rate was 4584 ± 344 μg meth-
acrylic acid/cm2 and hour, and 70% of the applied dose was absorbed within 
24  hours. In this study, the maximum permeation rate occurred between 5 and 
8 hours. Here, 100 µl/cm2 was applied occlusively, although the test guideline rec-
ommends a maximum of only 10 µl/cm2. For human epidermis, a penetration rate 
of 812 µg/cm2 and hour was estimated from the data for other methacrylates; in the 
case of human full-thickness skin this was 327 µg/cm2 and hour (ECHA 2014 a). 
Controls of the epidermal preparations after the end of exposure were not carried 
out. On the basis of the data with human epidermis and assuming standard condi-
tions (exposure for one hour, area of skin 2000 cm2), the amount of methacrylic acid 
taken up would be 1600 mg. Data for the dermal penetration of methacrylic acid 
esters cannot, however, be extrapolated to methacrylic acid because the lipophilic-
ity of the substances differ. Also, the investigations with rat skin are difficult to eval-
uate, as they were carried out with undiluted methacrylic acid, which is corrosive 
on the skin, consequently resulting in increased uptake. By comparison: with 4% 
acrylic acid in water (a non-irritating concentration), the experimentally deter-
mined penetration rate for human full-thickness skin is 28.9 µg/cm2 and hour 
(ECHA 2014 b). To evaluate the absorption through the skin, therefore, this flux for 
acrylic acid is taken as a basis. Assuming the exposure of a 2000 cm2 area of skin for 
1 hour, this would correspond to an absorbed amount of about 60 mg.

3.2    Metabolism

There are no studies available for the metabolism of methacrylic acid. It is assumed 
that methacrylic acid reacts with coenzyme A and is then converted to (S)-3-hy-
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droxyisobutyryl-CoA. It then rapidly enters the citric acid cycle (documentation 
“Methyl methacrylate” 1992).

4    Effects in Humans

There are no valid data available for repeated exposure to the substance (documen-
tation “Methacrylic acid” 2010).

In various contact sensitization studies, no clear evidence of such an effect in hu-
mans was found (documentation “Methacrylic acid” 2010). Since then, more recent 
studies have not been conducted.

For all other end points there are no data available with methacrylic acid.
The results of the studies of reproductive toxicity and genotoxicity carried out 

with methacrylic acid methyl ester are regarded as invalid or ambiguous. Epide-
miological studies do not indicate that methacrylic acid methyl ester has carcino-
genic effects (documentation “Methacrylic acid” 2010).

5    Animal Experiments and in vitro Studies

5.1    Acute toxicity

5.1.1    Inhalation

In a study carried out according to OECD Test Guideline 403, a 4-hour LC50 of 
7100 mg methacrylic acid/m3 (1988 ml/m3) was obtained in rats. Weight loss oc-
curred, and gross-pathologically visible irritation of the respiratory tract was de-
scribed (documentation “Methacrylic acid” 2010). The RD50 in mice (30 minutes 
exposure) was 22  000 ml methacrylic acid/m3. Even at the low concentration of 
4900 ml/m3, signs of mild sensory irritation were found after the first few minutes 
of exposure; at 9400 ml/m3 and above the irritation was described as moderate to 
severe from the beginning of exposure (ECHA 2014 a). For acrylic acid, an RD50 of 
685 ml/m3 was reported in mice after an exposure time of 30 minutes (WHO 1997).

5.1.2    Oral administration

Most of the oral LD50 values for rats, mice and rabbits were below 2000 mg/kg 
body weight. When diluted solutions were applied, these values were slightly higher 
than 2000 mg/kg body weight (documentation “Methacrylic acid” 2010).

5.1.3    Dermal application

In a range-finding study with rabbits, doses of 500 mg/kg body weight were not le-
thal. Doses of and above 1000 mg/kg body weight were lethal (documentation 
“Methacrylic acid” 2010). The corrosive effects of the substance could have caused 
the lethal effects.
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5.2    Subacute, subchronic and chronic toxicity

5.2.1    Inhalation

In a 90-day study with animals not specified as pathogen-free (SPF), groups of 10 
B6C3F1 mice, SD rats and F344 rats per strain, sex and concentration were exposed 
in whole-body chambers to methacrylic acid concentrations of 0, 20, 100 or 
300 ml/m3 for 6 hours a day, on 5 days a week (CIIT 1984). A further 10 animals per 
strain, sex and concentration were exposed to the same concentrations for 4 days 
and examined on day 5. The findings in the 300 ml/m3 groups were: reduced body 
weight gains in male F344 rats and in both sexes of mice, and reduced food con-
sumption in male F344 rats (in each case about 10%). The reduced body weights in 
rats are therefore directly related to the reduced food intake and this is not to be 
seen as a direct systemic toxic effect. Reduced leukocyte counts and increased alka-
line phosphatase activity were recorded in female mice. In the male F344 rats, the 
blood urea nitrogen was increased. As these effects did not occur consistently, a 
relationship with the exposure is not plausible. In the male animals of both rat 
strains and in both sexes of mice, the absolute liver weights were reduced. The rela-
tive liver weights were reduced only in the mice, but significant only in the male 
animals and without histopathological changes. Therefore, the decrease in absolute 
liver weights in rats is a sequel of the reduced body weights and not an independent 
effect. For systemic effects, therefore, the NOAEC (no observed adverse effect con-
centration) was 300 ml/m3 in rats and 100 ml/m3 in mice.

Microscopic findings in the nose after 4 and 90 days of exposure are given below 
in Table 1 and Table 2. After 4 days, histopathological signs of irritation in the nasal 
cavity could be seen. In the 300 ml/m3 group of F344 rats, exudate, goblet cell hy-
perplasia, focal ulceration, hyperkeratosis and acute necrosis were observed. In the 
B6C3F1 mice, the effects were acute rhinitis, acute necrosis, exudate and ulceration. 
At concentrations of 20 ml/m3 and above, rhinitis occurred also in F344 rats, and 
epithelial vesicles, acute rhinitis and hyperkeratosis were found also in the SD rats.

In the 90-day study, the findings were similar: in the rats, rhinitis, exudate and 
epithelial hyperplasia were observed, but the findings were not concentration-de-
pendent. Rhinitis would be a plausible effect of methacrylic acid, as it occurred also 
after the 4-day exposure. As, however, also control animals in the 90-day study (and 
in the 4-day study with SD rats) were affected, this makes interpretation of the data 
in both rat strains difficult. While a NOAEC of 100 ml/m3 was derived in the F344 
rats, exudate and epithelial hyperplasia occurred in SD rats even at 20 ml/m3, but 
neither finding was concentration-dependent. The reason for rhinitis in control SD 
rats even after the 4-day exposure is not clear. It can be assumed that the findings in 
the nose were the result of a viral infection and that a direct effect of the substance 
is less probable, so that the significance of these studies with regard to the upper 
respiratory tract is questionable. In the mice, rhinitis, exudate and ulceration did 
not occur until concentrations of 300 ml/m3. After 90 days, in the middle and high 
concentration groups of mice, degeneration of the olfactory epithelium occurred in 
section levels B and C. Deposits of an orange to pink-coloured material were found 
in the cytoplasm of ciliated cells (sustentacular cells). In severe cases, there was a 
subsequent loss of ciliated cells. In mice, the NOAEC was 20 ml/m3 for local effects 
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Table 1	 Findings in the nasal cavity of rats in the 4-day study (CIIT 1984)

Concentration [ml/m3]

0 20 100 300

Findings in section level A:

F344 rats

acute rhinitis
♂
♀

0/10
0/10

4/10
2/10

2/10
4/10

9/10
7/10

SD rats

epithelial vesicles
♂
♀

1/9
0/10

2/10
0/10

4/10
5/10

1/10
1/9

acute rhinitis
♂
♀

2/9
0/10

3/10
2/10

4/10
4/10

6/10
6/9

exudate
♂
♀

0/9
0/10

1/10
0/10

0/10
0/10

3/10
3/9

focal ulceration
♂
♀

0/9
0/10

0/10
0/10

0/10
0/10

1/10
1/9

hyperkeratosis
♂
♀

0/9
0/10

1/10
1/10

2/10
3/10

2/10
7/9

because of the findings in the olfactory epithelium. A reliable NOAEC for SD rats 
cannot be derived from the study.

To clarify the ambiguous findings with SD rats in the 1984 study, a further 90-day 
study was performed. Groups of 10 SD rats per sex and concentration, this time 
specific-pathogen-free (SPF) animals, were exposed in whole-body chambers to 
methacrylic acid concentrations of 0, 20, 40, 100 or 350 ml/m3 for 6 hours a day, on 
5 days a week. The study was carried out according to the OECD Test Guideline 
413, and included a functional observational battery (FOB) and an investigation of 
the sperm count, sperm motility and morphology. The findings in the 350 ml/m3 
groups were: reduced body weight gains in the male rats from day 7, reduced termi-
nal body weights in both sexes compared with the values for the controls (♂: –12% 
(p < 0.01), ♀: –7% (p < 0.05)), and reduced food intake (–13%) and food efficiency in 
the male animals. The reduced body weights in the male rats are to be seen as a di-
rect result of the reduced food intake and not as a direct systemic toxic effect. In the 
female rats, the food intake was below that of the control group, especially in the 
second half of the study, although the reduction was not statistically significant. 
Histopathology revealed slight hypertrophy or hyperplasia of the goblet cells of the 
respiratory nasal epithelium of the anterior part of the nose in two females of the 
350 ml/m3 group; this was the only relevant finding. Changes in organ weights at 
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Table 2	 Findings in the nasal cavity of rats and mice in the 90-day study (CIIT 1984)

Concentration [ml/m3]

0 20 100 300

Findings in section level A:

F344 rats

acute rhinitis
♂
♀

5/10 (1.2)*
5/10 (1.2)

6/9 (1.33)
9/10 (1.44)

4/10 (1.25)
1/10 (2)

9/9 (2.1)
7/10 (1.5)

exudate
♂
♀

1/10
0/10

1/9
0/10

0/10
0/10

4/9
4/10

SD rats

acute rhinitis
♂
♀

5/10 (1)
2/10 (1)

6/10 (1.5)
4/10 (2)

10/10 (1.3)
2/10 (1.5)

8/10 (1)
7/10 (1.14)

exudate
♂
♀

0/10
0/10

2/10
2/10

7/10
2/10

4/10
4/10

epithelial hyperplasia
♂
♀

0/10
0/10

3/10
1/10

5/10
1/10

3/10
3/10

B6C3F1 mice

acute rhinitis
♂
♀

0/10
0/10

0/10
0/10

0/10
0/10

4/9 (1)
3/10 (1)

exudate
♂
♀

0/10
0/10

0/10
0/10

0/10
0/10

4/9
2/10

ulceration
♂
♀

0/10
0/10

0/10
0/10

0/10
0/10

3/9
2/10

Findings in section level B:

B6C3F1 mice

degeneration of the olfactory 
epithelium
♂
♀

0/10
0/10

0/10
0/10

1/10
1/10

1/10
9/10

Findings in section level C:

B6C3F1 mice

degeneration of the olfactory 
epithelium
♂
♀

0/10
0/10

0/9
0/10

1/10
3/10

8/10
9/10

* severity (1–5, minimal to severe) indicated in brackets
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the high concentration (350 ml/m3), such as a reduction in the absolute epididymis 
and relative heart and brain weights in the males and in the absolute liver and rela-
tive brain and lung weights in the females were regarded either as sequelae of the 
reduced body weights or as random findings, and not as direct, substance-induced 
effects, as there were no histopathological correlates to the changes in organ weights 
(BASF SE 2008).

The slight hypertrophy or hyperplasia of the goblet cells in the respiratory epithe-
lium observed at the high concentration (350 ml/m3) is a physiological reaction to 
exposure to an irritating substance and is not a substance-specific adverse effect, 
but an adaptive response. It is a proliferative, but not a pre-neoplastic effect 
(Monticello et al. 1990; Renne et al. 2009; Rogers 1994). The increased differentia-
tion of stem cells of the basal epithelial layer to goblet cells (instead of to columnar 
cells) is a physiological process, and reversible at any time, and serves to increase 
the production of mucus as a reaction to the exposure. It is, however, not clarified 
how findings of this type develop with prolonged exposure. Goblet cell hyperplasia 
is to be seen as a marker of subclinical irritation, which is also to be avoided as the 
increased production of mucus in the nose is not desirable at the workplace. This 
would, however, be an adaptive effect, and not adverse in the same way as damage 
to tissue, so would be regarded as an “annoyance to be avoided”. Based on the slight 
effects on body weights and the nose of female animals, the NOAEC was therefore 
100 ml/m3 and the LOAEC (lowest observed adverse effect concentration) 
350 ml/m3 in this medium-term inhalation study with SD rats.

Overall, the findings obtained with SPF and non-SPF rats support the assumption 
that the not clearly concentration-dependent histopathological findings in treated, 
but also in untreated animals of the earlier study are related to infections in the res
piratory tract of the animals not spec pathogen-free. Histopathological changes in 
the epithelial structure and in goblet cells resulting from infections such as those 
described, for example, by Norlander et  al. (1994), Westrin et  al. (1992) and by 
Stierna and Carlsöö (1990), would provide an explanation for the absent or unclear 
dependency of the findings on the test concentration used. A number of other stud-
ies with inhalation exposure are available but do not meet present-day require-
ments as regards the documentation and methods used (EU 2002). These studies 
are therefore not presented here.

In a long-term study with methacrylic acid methyl ester in rats and mice, a 
NOAEC of 25 ml/m3 (supplement “Methyl methacrylate” 2010) was obtained.

Conclusions:
For the reasons presented above, of the studies with rats, only the new 90-day inha-
lation study with a NOAEC of 100 ml/m3 can be considered relevant to the evalua-
tion. For mice, the NOAEC for local effects was 20 ml/m3 because of the findings in 
the olfactory epithelium.

As regards the different NOAECs for rats and mice, the following evaluation from 
the documentation for acrylic acid from 2006 (documentation “Acrylic acid” 2010) 
can be used:

In a 13-week inhalation study (6 hours/day for 5 days/week), groups of 15 male 
and 15 female F344 rats and B6C3F1 mice were exposed to acrylic acid concentra-
tions of 5, 25 or 75 ml/m3. Ten animals per group were examined histopathological-
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ly (nose: 4 section levels). The NOAECs for systemic effects were 5 ml/m3 in female 
mice and 75 ml/m3 in male mice and rats. Only lower body weight gains were ob-
served, but no systemic organ or tissue damage. As a result of slight histological 
damage to the olfactory epithelium, the LOAEC was given as 5 ml/m3 in mice. No 
effects on the nasal mucosa were observed in the two low concentration groups in 
rats. The NOAEC for local irritation was thus 25 ml/m3 (Miller et al. 1981).

In a study carried out as a result of these findings, groups of 15 female B6C3F1 
mice were exposed to acrylic acid vapour concentrations of 0, 5 or 25 ml/m3 for 15 
days for 6 or 22 hours a day and also to 25 ml/m3 for 4.4 hours a day. Ten animals 
were sacrificed at the end of exposure and the remaining 5 after a 6-week recovery 
phase. Clinical parameters were investigated but only the nasal cavity was exam-
ined histopathologically. Exposure to 5 ml/m3 for 6 hours caused no changes. Both 
5 ml/m3 for 22 hours and 25 ml/m3 for 4.4, 6 and 22 hours led to concentration and 
time-related changes to the olfactory epithelium consisting of atrophy, basal cell 
hypertrophy, necrosis and degeneration of Bowman’s glands. The findings obtained 
after 22-hour exposure to 5 ml/m3 and after 4.4-hour and 6-hour exposure to 
25 ml/m3 were completely reversible after 6 weeks. In contrast, the animals of the 
25 ml/m3 group were found to have localized areas in which the olfactory epitheli-
um had turned into respiratory-like epithelium (respiratory metaplasia) after 
22-hour exposure (Lomax et al. 1994; Rohm and Haas Company 1994). The findings 
from this 15-day study show that at most a slight increase in the effects with time 
must be assumed as regards irritation of the olfactory epithelium. With the excep-
tion of the very slight changes to the olfactory epithelium at 5 ml/m3 in the medi-
um-term study, the effects observed were similar after 15 and 90 days.

In a study with male F344 rats and B6C3F1 mice designed to detect differences 
between the species, the animals were exposed to acrylic acid concentrations of 
75 ml/m3 in whole-animal exposure chambers for 6 hours a day, for 4 days. On day 
5, nose-only exposure was carried out for 6 hours. The respiratory rate decreased by 
about the same extent in both species (rats between 16% and 23%; mice between 
32% and 37%). The effect on the inhaled volume was only very slight in rats (93% to 
103% of the values of the control animals); in mice it was also only slightly affected. 
The minute volume decreased by about 23% in rats and 27% to 34% in mice. For 
mice, an 88% higher tissue dose per time unit (3.5–3.8 mg/min and cm2 compared 
with 1.8–2.1 mg/min and cm2 in rats) was calculated from the concentration, the 
surface area of the nasal cavity and the respiratory minute volume. Lesions of the 
respiratory tract, which were limited to the nasal section and mainly affected the 
olfactory epithelium, were found in both species. The lesions were more pro-
nounced in mice than in rats. The animals were treated with tritium-labelled thymi-
dine 18 hours after the last exposure to acrylic acid to determine the effects on ol-
factory cell proliferation. Cell division was increased 17 times in mice and 4 times 
in rats (Barrow 1984, 1986; Swenberg et al. 1987).

In the case of both acrylic and methacrylic acid, the mouse is the considerably 
more sensitive species. The qualitative and quantitative difference in sensitivity be-
tween the rat and the mouse is explained by the greater irritative effect of both 
substances on the olfactory region in the mouse caused by the greater exposure of 
the tissue in this species. The level of exposure in the olfactory epithelium in hu-
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mans is even lower than that in rats (Brüning et al. 2014). The effects on the olfac-
tory epithelium of mice are therefore not comparable with the situation in humans.

Overall, only the new 90-day inhalation study in rats with a NOAEC of 100 ml/m3 
is considered to be relevant for humans.

5.2.2    Oral administration

Only inadequately documented data are available (ECHA 2014 a).

5.2.3    Dermal application

Systemic effects after repeated dermal application were not investigated (documen-
tation “Methacrylic acid” 2010), and more recent data are not available.

5.3    Local effects on skin and mucous membranes

5.3.1    Skin

After application for only 3 minutes, undiluted methacrylic acid is corrosive on the 
skin of rabbits (documentation “Methacrylic acid” 2010).

5.3.2    Eyes

Undiluted methacrylic acid is corrosive in the eyes of rabbits (documentation 
“Methacrylic acid” 2010).

5.4    Allergenic effects

In a modified Buehler test, a maximization test and a modified single injection ad-
juvant test according to Polak (footpad test), methacrylic acid was not found to have 
sensitizing effects on the skin (documentation “Methacrylic acid” 2010).

5.5    Reproductive and developmental toxicity

5.5.1    Fertility

There are no fertility studies available for methacrylic acid. In both 90-day studies, 
no evidence of effects on the sex organs of the treated animals was found (Sec-
tion 5.2.1; BASF SE 2008; CIIT 1984). No conspicuous findings were obtained in the 
complementary examination of sperm morphology and motility in the new 90-day 
inhalation study (BASF SE 2008).

In a 2-generation study with Wistar rats carried out according to OECD Test 
Guideline 416 with gavage doses of methacrylic acid methyl ester of 0, 50, 150 or 
400 mg/kg body weight, no effects of the test substance on fertility and the develop-
ment of the offspring were found up to and including the highest dose (BASF SE 
2009).
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5.5.2    Developmental toxicity

In an inhalation study with SD rats exposed to methacrylic acid concentrations of 0, 
50, 100, 200 or 300 ml/m3 (gestation days 6–20, 6 hours/day, in analogy to OECD 
Test Guideline 414), food intake and body weight gains were reduced in the dams 
during exposure at the high concentration. No clinical findings were reported. Ex-
amination of the foetuses for skeletal and visceral anomalies did not reveal any un-
usual findings (Saillenfait et al. 1999).

Numerous studies with methacrylic acid methyl ester, including two carried out 
according to OECD Test Guideline 414 with concentrations up to 400 ml/m3 in 
mice or 2000 ml/m3 in rats, provided no evidence of developmental toxicity (sup-
plement “Methyl methacrylate” 2010).

5.6    Genotoxicity

In the documentation from 2006 (documentation “Methacrylic acid” 2010), the 
data were evaluated as follows: The results of a Salmonella mutagenicity test with 
the strains TA98, TA100, TA1535 and TA1537 were negative for concentrations of 
up to 4 mg/plate. Higher concentrations were cytotoxic (EU 2002). As no other 
studies with methacrylic acid are available, investigations with the structurally sim-
ilar methacrylic acid methyl ester are used for the evaluation. These showed that 
in vitro the ester has clastogenic potential only at cytotoxic doses and in vivo (dom-
inant lethal test, micronucleus test) is not genotoxic (supplement “Methyl meth
acrylate” 2010; EU 2002). Therefore, for methacrylic acid, clastogenic potential is 
only to be expected in vitro at cytotoxic dose levels. In vivo, genotoxic potential is 
not to be expected (supplement “Methyl methacrylate” 2010; EU 2002).

Positive results were obtained in some in vivo chromosomal aberration tests with 
methacrylic acid methyl ester. These are, however, difficult to evaluate because of 
methodological limitations or implausible results (supplement “Methyl methacry-
late” 2010). More recent studies are not available.

5.7    Carcinogenicity

In the documentation from 2006 (documentation “Methacrylic acid” 2010) the data 
were evaluated as follows: There are no studies available for the carcinogenicity of 
methacrylic acid. Valid inhalation studies with methacrylic acid methyl ester in 
rats and hamsters do not suggest the substance has carcinogenic potential, but in-
dicate that it causes local irritation (supplement “Methyl methacrylate” 2010). For 
this reason, methacrylic acid is also unlikely to have carcinogenic potential 
(EU 2002). More recent studies are not available.

6    Manifesto (MAK value/classification)

The critical effects are goblet cell hyperplasia, as a marker for subclinical irritation 
of the respiratory epithelium, and the reduced body weights at the end of the 90-day 
study after concentrations of 350 ml/m3 (BASF SE 2008).
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MAK value.  The data in humans are insufficient for establishing a MAK value for 
methacrylic acid. The two earlier 90-day studies in rats are not considered to be 
relevant to the evaluation because of confounding, resulting from an infection of 
the airways (Section  5.2.1).  Degeneration of the olfactory epithelium was found 
only in mice, for which the NOAEC was 20 ml/m3. However, the olfactory system of 
mice, compared with that in rats, is subject to higher levels of exposure, and that of 
rats in turn to higher levels of exposure than that of humans. Therefore, these find-
ings in mice are not comparable with the human situation (Section 5.2.1).

The basis for deriving a MAK value is the NOAEC of 100 ml/m3 (357 mg/m3) from 
the more recent 90-day inhalation study with SD rats. The LOAEC was 350 ml/m3; 
at this concentration lower terminal body weights and in some cases a significant 
reduction in food intake were determined, and in two female rats slight hyperplasia 
or hypertrophy of the goblet cells in the respiratory epithelium were found. As re-
gards the question of an increase in the effects with time, for shorter exposure peri-
ods only data with limited reliability are available for methacrylic acid, as there was 
probably a confounding airway infection in the 4-day studies. On the other hand, 
the 4-day study with F344 rats, in which no rhinitis occurred in the control animals, 
yielded a LOAEC of 20 ml/m3 after 4 days. In the 90-day study with this rat strain, 
in which rhinitis was found also in the control animals, a NOAEC of 100 ml/m3 was 
obtained, indicating that there was no increase with time in rhinitis induced by 
methacrylic acid. In addition, it was demonstrated for acrylic acid that the increase 
in the severity of rhinitis with time was only slight (Section 5.2.1; documentation 
“Acrylic acid” 2010). As the incidence of the findings in the nasal epithelium in the 
recent 90-day study was still below the significance level, the severity was low and 
the effects in the respiratory epithelium are regarded as adaptive, the difference 
between the NOAEC and the occurrence of these findings can in this case be small-
er than that given in Brüning et al. (2014) (1:3) for the extrapolation of the data to 
humans. Therefore, from the NOAEC of 100 ml/m3 (357 mg/m3), a MAK value of 
50 ml/m3 (178 mg/m3) can be derived for humans. The MAK value of methacrylic 
acid is five times higher than that of acrylic acid (10 ml/m3); this is supported also 
by the markedly higher RD50 of methacrylic acid (22 000 ml/m3) compared with the 
RD50 of acrylic acid (685 ml/m3). If the reduced body weights are taken as the rele-
vant end point for the evaluation, a MAK value of 50 ml/m3 would likewise be ob-
tained from the NOAEC of 100 ml/m3 according to the standard procedure used by 
the Commission, as the reduction in body weights was accompanied by a reduction 
in food intake, which does not indicate a direct systemic effect, but presumably a 
secondary effect due to irritation.

Peak limitation.  Methacrylic acid causes both systemic and local effects. It is 
possible that the systemic effect is a secondary effect of irritation. Methacrylic acid 
is therefore classified in Peak Limitation Category I with an excursion factor of 2, as 
the effects observed at the LOAEC are only very weak and even at 100 ml/m3 
(357 mg/m3) the safety margin is still adequate.

Prenatal toxicity.  In a developmental toxicity study carried out in analogy to 
OECD Test Guideline 414 in SD rats, no developmental toxicity was found at the 
high methacrylic acid concentration of 300 ml/m3. At this concentration, the food 
intake and body weight gains of the dams were reduced (Saillenfait et al. 1999). The 
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NOAEC for developmental toxicity is therefore higher than 300 ml methacrylic 
acid/m3. Other developmental toxicity studies are not available for this substance. It 
is assumed that methacrylic acid methyl ester is completely hydrolysed, or at least 
to 50% (Section  3.1), by carboxylesterases to form methacrylic acid. Therefore, 
studies with this substance are also included in the evaluation. In a developmental 
toxicity study in rats carried out according to OECD Test Guideline 414, no devel-
opmental toxicity was found at the high methacrylic acid methyl ester concentra-
tion of 2028 ml/m3, at which maternal toxicity occurred in the form of reduced 
body weight gains (Solomon et al. 1993). The NOAEC for developmental toxicity is 
therefore more than 2028 ml methacrylic acid methyl ester/m3. The studies with 
methacrylic acid methyl ester in mice are not included in the evaluation because of 
the inadequate documentation, especially the absence of a description of the meth-
ods and the tabulation of results. The same applies to the remaining studies with 
rats, as already described in the supplement to methacrylic acid methyl ester 
(supplement “Methyl methacrylate” 2010). Teratogenic effects were not found in 
animals with either of the two substances. The difference between the highest 
methacrylic acid concentration tested of 300 ml/m3 and the MAK value of 50 ml/m3 
is 6-fold. The methacrylic acid methyl ester concentration of 2028 ml/m3 corre-
sponds, in the case of complete cleavage, to 2028 ml methacrylic acid/m3 and rep-
resents a 41-fold difference to the MAK value of 50 ml/m3. Even if only 50% cleav-
age is assumed, the NOAEC is higher than the MAK value by a factor of 20. As the 
difference to the MAK value is sufficiently large, methacrylic acid methyl ester was 
not found to cause developmental toxicity and the NOAEC for methacrylic acid is 
higher than 300 ml/m3, the classification of methacrylic acid in Pregnancy Risk 
Group C is retained.

Carcinogenicity.  There are no studies available for the carcinogenicity of meth-
acrylic acid. Valid inhalation studies with methacrylic acid methyl ester in rats 
and hamsters do not suggest the substance has carcinogenic potential, but indicate 
that it causes local irritation. For this reason, methacrylic acid is also unlikely to 
have carcinogenic potential.

Germ cell mutagenicity.  For methacrylic acid, only one Salmonella mutagenicity 
test with negative results is available. As for methacrylic acid methyl ester, clasto-
genic potential is to be expected for methacrylic acid only in vitro at cytotoxic con-
centrations. No genotoxic effects are to be expected in vivo (EU 2002). Therefore, 
methacrylic acid is not classified in one of the categories for germ cell mutagens.

Absorption through the skin.  Methacrylic acid is corrosive on the skin. In a 
study to determine the acute dermal toxicity in rats, deaths occurred at 1000 mg/kg 
body weight. However, absorption through injured skin cannot be excluded and 
may have distorted the results. There are no suitable data available for the skin pen-
etration of diluted, no longer irritating methacrylic acid. For this reason, the data 
for the structural analogue acrylic acid are used. Assuming the exposure for one 
hour of a 2000 cm2 area of human full-thickness skin to an acrylic acid concentra-
tion of 4%, which is probably no longer irritating to the skin, the dermal uptake of 
60 mg has been estimated. In the case of exposure at the level of the MAK value, 
which was derived also as a result of the systemic toxicity, 1780 mg methacrylic acid 
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is absorbed at an assumed 100% absorption by inhalation and a respiratory volume 
of 10 m3. Therefore, dermal exposure does not contribute significantly to the sys-
temic toxicity, and methacrylic acid is not designated with an “H” (for substances 
which can be absorbed through the skin in toxicologically relevant amounts).

Sensitization.  As described in the documentation from 2006 (documentation 
“Methacrylic acid” 2010), there is no clear evidence that methacrylic acid has con-
tact-sensitizing effects in humans. In animal studies, negative findings were ob-
tained. More recent data are not available, and there are also no studies of the sen-
sitizing effects of methacrylic acid on the airways. Therefore, methacrylic acid is not 
designated with “Sh” or “Sa” (for substances which cause sensitization of the skin or 
airways).
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