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Abstract
The German Senate Commission for the Investigation of Health Hazards of Chemical 
Compounds in the Work Area (MAK Commission) summarized and evaluated the data 
for diethylene glycol monomethyl ether [111-77-3] to derive an occupational exposure 
limit value (maximum concentration at the workplace, MAK value) considering all toxi
cological end points. Relevant studies were identified from a literature search and also 
unpublished study reports were used. Diethylene glycol monomethyl ether is not irri
tating to the skin or eyes of rabbits. At the maximum vapour concentration of 216 ml/m3, 
diethylene glycol monomethyl ether induced no effects in a 13-week inhalation study 
in rats. The NOAEC is therefore 216 ml/m3 or higher. Taking into account the longer 
half-life of its toxic metabolite methoxyacetic acid in humans compared to rats, a MAK 
value of 10 ml/m3 has been derived from this study. Peak Limitation Category II with 
an excursion factor of 8 have been assigned because of the critical systemic effect and 
the long half-life of methoxyacetic acid. Diethylene glycol monomethyl ether is not 
clastogenic or mutagenic in vitro. Studies investigating its genotoxic or carcinogenic 
potential in vivo are not available. However, there is no corresponding structural alert. 
The critical end point of diethylene glycol monomethyl ether is developmental toxicity 
observed in rats and rabbits independent of maternal toxicity. The malformations are 
thought to be caused by the metabolite methoxyacetic acid. As the margins between 
the derived NOAELs and the MAK value are not sufficiently large, diethylene glycol 
monomethyl ether has been assigned to Pregnancy Risk Group B. Based on an in vitro 
skin absorption study, percutaneous absorption is expected to contribute significantly 
to systemic toxicity and diethylene glycol monomethyl ether has been designated with 
an “H”. A sensitizing potential is not expected based on the available data.

The MAK Collection for Occupational Health and Safety 2026, Vol 11, No 1 1

https://doi.org/10.34865/mb11177e11_1or
https://doi.org/10.34865/mb11177e11_1or
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
https://creativecommons.org/licenses/by/4.0/deed.en
mailto:andrea.hartwig@kit.edu
mailto:arbeitsstoffkommission@dfg.de


MAK Value Documentations – Diethylene glycol monomethyl ether

Parameter Value

MAK value (2023) 10 ml/m3 (ppm) ≙ 50 mg/m3

Peak limitation (2023) Category II, excursion factor 8

Absorption through the skin (2023) H
Sensitization –
Carcinogenicity –
Prenatal toxicity (2023) Pregnancy Risk Group B
Germ cell mutagenicity –

BAT value (2023) 15 mg methoxy acetic acid/g creatinine

Synonyms DEGME
diethylene glycol methyl ether
diglycol monomethyl ether
2-(2-methoxyethoxy)ethan-1-ol
methyldiglycol

Chemical name (IUPAC) 2-(2-methoxyethoxy)ethanol

CAS number 111-77-3

Structural formula HO–(CH2)2–O–(CH2)2–O–CH3

Molecular formula C5H12O3

Molar mass 120.15 g/mol

Melting point < –84 °C; –70 °C (ECHA 2020)

Boiling point at 1013 hPa 192–195 °C (ECHA 2020)

Density at 20 °C 1.02–1.035 g/cm3 (ECHA 2020)

Vapour pressure at 25 °C 0.33 hPa (ECHA 2020)

log KOW –0.47 at 20 °C (ECHA 2020)

Solubility 1000 g/l water (miscible) (ECHA 2020)

pKa value 14.87 at 25 °C (calculated) (ECHA 2020)

1 ml/m3 (ppm) ≙ 4.985 mg/m3 1 mg/m3 ≙ 0.201 ml/m3 (ppm)

Hydrolytic stability no data

Uses main use: jet fuel anti-icing agent; other uses: chemical 
intermediate in synthesis processes, solvent in paints 
and floor polishes, constituent of hydraulic brake fluids, 
cleaning and washing agents and disinfectants (EU 2000)

Note: The substance can occur simultaneously as vapour and aerosol.

Cited unpublished toxicological studies from companies have been made available to the Commission.
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1 Toxic Effects and Mode of Action
After oral administration in rats, more than 95% of diethylene glycol monomethyl ether is excreted with the urine within 
24 hours, mainly in the form of the acid metabolite 2-(2-methoxyethoxy)acetic acid.

Diethylene glycol monomethyl ether does not cause skin or eye irritation in rabbits. No effects were observed in a 13-
week inhalation study with F344 rats up to the vapour saturation concentration of 216 ml/m3.

The most sensitive end point identified from the results of the available studies with repeated oral exposure was a slight 
increase in thymus weights in male Wistar rats after gavage administration of 500 mg/kg body weight and day for 
20 days. In the female rats, this effect was observed at doses of 2000 mg/kg body weight and day and above after a shorter 
exposure period of 12 days. The relative testis weights were reduced in Wistar rats given oral doses of 2000 mg/kg body 
weight for 5 days and in albino COBS CD BR rats given 3600 mg/kg body weight and day for 6 weeks.

Diethylene glycol monomethyl ether does not cause mutagenic effects in bacteria and does not induce chromosomal 
aberrations in V79 cells. Studies that investigated genotoxicity in vivo or carcinogenicity are not available but there is 
no corresponding structural alert.

There is no evidence that diethylene glycol monomethyl ether causes sensitizing effects.

Diethylene glycol monomethyl ether induced developmental toxicity and teratogenicity in rats in prenatal develop
mental toxicity studies with gavage administration. Reduced body weights, reduced ossification of the sternebrae and 
vertebrae, and visceral variations (residual thymic tissue in the neck, dilated renal pelvis) were observed in the foetuses 
at doses of 600 mg/kg body weight and day and above; these effects did not occur concurrently with maternal toxicity. 
The incidence of skeletal variations, malformations of the vertebrae and ribs, and visceral variations and malformations, 
particularly those affecting the cardiovascular system, increased with the dose. In a prenatal developmental toxicity 
study with occlusive dermal application of diethylene glycol monomethyl ether to the skin of rabbits, an increase in 
skeletal variations of the cervical vertebrae and delayed ossification of the hyoid bone were observed in the foetuses at 
doses of 250 mg/kg body weight and day and above; maternal toxicity did not occur.

2 Mechanism of Action
A study investigated the endocrine activity of diethylene glycol monomethyl ether at five nuclear receptors using a 
reporter gene assay with the endometrial adenocarcinoma cell line (Ishikawa). The IC10 values (median concentration 
needed to suppress the activity of the positive control by 10%) were about 1 × 10–7  M for anti-oestrogenic effects, 
5 × 10– 5 M for anti-androgenic effects and 5 × 10–5 M for anti-glucocorticoid effects (data from graph). The agonistic and 
antagonistic effects were calculated relative to the positive control (17β-oestradiol and dihydrotestosterone). Diethylene 
glycol monomethyl ether did not cause anti-thyroid or anti-progesterone effects (positive controls triiodothyronine (T3) 
and progesterone). The anti-androgenic activity was confirmed in a reporter gene assay using HepG2 cells (Kassotis et al.
2014, 2015; no author 2015). The results indicate that diethylene glycol monomethyl ether would have weak anti-oestro
genic, anti-androgenic and anti-glucocorticoid effects. However, the method and the results are not clearly described, 
contradictory data for the concentration of the positive control dexamethasone are given in the methods and results 
sections and these data were not corrected in the corrigendum. By contrast, the results from validated models from the 
ToxCast database do not suggest agonistic or antagonistic effects (US EPA 2020).
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3 Toxicokinetics and Metabolism

3.1 Absorption, distribution, elimination
There are no data available for inhalation exposure to diethylene glycol monomethyl ether and for the distribution of 
the substance.

After oral administration in rats (see Section 3.2), more than 95% of diethylene glycol monomethyl ether is excreted with 
the urine within 24 hours, mainly in the form of the acid metabolite 2-(2-methoxyethoxy)acetic acid. This demonstrates 
that the substance is completely absorbed and has a relatively short half-life (see Table 1). The study also shows that 
the half-life of methoxyacetic acid increases significantly at very high doses (ECHA 2020; EU 2000; Health Council of 
the Netherlands 2017).

Tab. 1 Metabolites in the urine of rats 0 to 24 hours and 24 to 48 hours after oral administration of diethylene glycol monomethyl ether 

in % of the administered dose (ECHA 2020)

Substance Dose [mg/kg body weight]

500 1000 2000

0–24 hours 24–48 hours 0–24 hours 24–48 hours 0–24 hours 24–48 hours

MEAA
MAA

93.2
 1.1

1.4
0.3

89.7
 0.7

1.2
0.3

86.2
 0.5

1.0
0.3

DEG
DEG glucuronide
DEGME

 2.9
 1.0
 3.4

0.0
0.0
0.0

 2.3
 0.8
 3.6

0.0
0.0
0.0

 2.2
 0.7
 4.9

0.0
0.0
0.0

DEG: diethylene glycol; DEGME: diethylene glycol monomethyl ether; MAA: methoxyacetic acid; MEAA: 2-(2-methoxyethoxy)acetic acid

In humans, the elimination half-life of methoxyacetic acid, a metabolite of diethylene glycol monomethyl ether, was 
77 hours after exposure by inhalation to a 2-methoxyethanol concentration of 16 mg/m3 (Groeseneken et al. 1989; 
Hartwig 2009 a, available in German only). In male and female rats, the elimination half-life was 12 and 14 hours, 
respectively, after intraperitoneal administration of a 2-methoxyethanol dose of 100 mg/kg body weight (Aasmoe and 
Aarbakke 1997; Hartwig 2009 a). The half-life of 2-ethoxyacetic acid after oral administration is 6 times shorter in rats 
than in humans. Therefore, it may be assumed that also the acid metabolites of diethylene glycol monomethyl ether 
have longer half-lives in humans than in animals (SCOEL 2001).

Diethylene glycol monomethyl ether (purity 98%) was absorbed through human skin in vitro at a rate of 0.206 mg/cm2

and hour. The permeability constant was 2.06 × 104 cm/hour (Dugard et al. 1984). Assuming the exposure of 2000 cm2

of skin for 1 hour, this would be equivalent to an absorbed amount of 412 mg.

In an in vitro study that investigated the permeability of rat skin for diethylene glycol monomethyl ether, the substance 
penetrated the stratum corneum at a rate of 0.051 mg/cm2 and hour. The permeability coefficient was 8.0 × 10–2 cm/hour 
(McDougal et al. 2000).

3.2 Metabolism
Four male Sprague Dawley rats per dose group were given a single gavage dose of diethylene glycol monomethyl 
ether (purity 99.8%) of 500, 1000 or 2000 mg/kg body weight. The urine was collected on 2 days over a 24-hour period 
(0–24 hours, 24–48 hours) and the samples from each animal were analysed separately. Recovery of the substance 
was in the range from 95.9% to 103.3%. Almost all glycol ether metabolites are excreted with the urine. Therefore, 
the primary objective of this study was to investigate whether the presence of methoxyacetic acid can be used as 
an indicator for the metabolic pathway and to determine how this metabolite contributes to the toxic potential. An 
analytical approach was developed that used non-radioactively labelled substances to detect metabolites in the urine. All 
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the expected metabolites were detected with 2-(2-methoxyethoxy)acetic acid dominating at 87% to 95%. In addition, 0.8% 
to 1.4% of the administered dose of diethylene glycol monomethyl ether was detected as methoxyacetic acid; however, 
its fraction decreased with increasing dose. These results show that the main metabolic pathway involves the oxidation 
of the hydroxy group, with a small fraction of the substance metabolized by cleavage of the ether bond. Small amounts 
of unmetabolized diethylene glycol monomethyl ether, the glucuronide conjugate and diethylene glycol were detected.
Table 1 lists the most important (expected) metabolites that were found in all three doses and their percentage of the 
dose. In addition, trace amounts of 3 other metabolites were detected. One of these was identified as a sulfate conjugate 
(about 0.02%), but the other two were not identified. One of these metabolites contained nitrogen. As the unknown 
metabolites did not make up more than about 0.1% of the dose, it was not considered necessary to identify them (ECHA
2020; EU 2000; Health Council of the Netherlands 2017). These data were obtained from an unpublished study conducted 
in 2017. Nearly identical data were published by Kelsey et al. (2020); these were obtained from the same laboratory and 
are probably from the same study.

Figure 1 depicts the proposed metabolic pathway of diethylene glycol monomethyl ether.
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Fig. 1 Metabolic scheme of diethylene glycol monomethyl ether according to ECHA (2019) and Kelsey et al. (2020)
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4 Effects in Humans
Data are available only for the end points sensitizing effects and reproductive toxicity.

Allergenic effects
An incompletely documented maximization test carried out in 25 volunteers with a 20% formulation of diethylene 
glycol monomethyl ether in petrolatum yielded negative results; information about this assay is available only through 
a secondary source (Opdyke 1974).

Sensitizing effects on the airways
A study of indoor background exposure investigated a possible relationship between the concentrations of volatile 
organic compounds (including glycol ethers) in the bedroom air and allergies and IgE sensitization in preschool-aged 
children. Volatile organic compounds are emitted in homes by building materials, paints, furniture, carpets, televisions, 
etc. The background exposure level to diethylene glycol monomethyl ether in the bedrooms of asymptomatic children 
was 3.91 µg/m3 (95% confidence interval (CI): 2.59–5.90). In the homes of 3 of the 198 children who had asthma (2 of them 
also rhinitis and eczema), the concentrations of diethylene glycol monomethyl ether in the indoor air were increased 
with statistical significance (geometric mean 7.41 µg/m3 (95% CI: 2.03–27.04)). However, a more in-depth investigation 
was not carried out to determine whether there was sensitization to diethylene glycol monomethyl ether or other glycol 
ethers (Choi et al. 2010). No conclusions may thus be drawn about the potential sensitizing effects of diethylene glycol 
monomethyl ether.

There are no data for occupational exposure.

Reproductive and developmental toxicity
A case study from Turkey involved a 5-year-old boy with a congenital malformation and a retrocaval ureter in addition 
to anomalies of the cardiovascular and skeletal system. The mother was exposed to dyes while working in a textile 
factory during pregnancy and in the 7 years preceding her pregnancy. The authors suggested that she may have been 
exposed to diethylene glycol monomethyl ether (Karaman et al. 2002). However, as exposure levels were not determined 
and there is no evidence of exposure to the substance, the study has not been included in the evaluation.

5 Animal Experiments and in vitro Studies

5.1 Acute toxicity

5.1.1 Inhalation

In a study with 5 male and 5 female Wistar rats that was published in 1984 and in a study with 3 male and 3 female 
rats (strain not specified) that was published in 1960, the animals were exposed to air saturated with diethylene glycol 
monomethyl ether for 6 or 8 hours, respectively. The exposure concentration was estimated to be 1200 mg/m3. No signs 
of toxicity or mortality were observed (ECHA 2020).
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5.1.2 Oral administration

A study published in 1981 investigated acute oral toxicity in fed and fasted (16 to 20 hours) male CD/BR rats. Five 
animals per dose group were given diethylene glycol monomethyl ether (purity > 99.5%) by gavage without a vehicle. 
The observation period lasted 14 days. The LD50 was 7128 mg/kg body weight in the fasted animals and 12 410 mg/kg 
body weight in the fed animals. Mortality occurred on days 1 to 10, most of the cases during the first 3 days. Both studies 
reported clinical symptoms of inactivity, laboured breathing, rapid respiration, anorexia, slight to moderate weakness, 
tremors and prostration. The animals that died had blood in the urine and/or blood in the stomach and intestines. These 
effects were not observed in the surviving animals that underwent necropsy at the end of the study. Haematuria was 
found in the animals that were exposed to the highest dose (no other details) (ECHA 2020).

In a study that was carried out in 1981 in male CD-1 mice according to the same protocol, the LD50 values were 
7128 mg/kg body weight in the animals that were fasted for 16 to 20 hours before administration and 8188 mg/kg body 
weight in the fed animals. The signs of toxicity were laboured breathing, rapid respiration, anorexia, slight to moderate 
weakness, tremors and prostration. Mortality occurred on days 1 to 10, most of the cases during the first 3 days. The 
animals that died had blood in the urine and/or blood in the stomach and intestines (ECHA 2020).

These and other early oral LD50 studies are shown in Table 2.

Tab. 2 Acute toxicity studies with oral administration of diethylene glycol monomethyl ether (ECHA 2020)

Species,
strain,
number per group

Dose [mg/kg body weight] End point References

rat,
CD/BR,
5 ♂

7128
12 410

LD50 for fasted animals
LD50 for fed animals

study from 1981

rat,
Wistar,
5 ♂, 5 ♀

about 6800–6900
(6.7 ml/kg body weight)

LD50 study from 1960

rat,
strain not specified,
5 ♂, 5 ♀

about 6500–6600
(6.4 ml/kg body weight)

LD50 study from 1960

rat,
Wistar,
10 ♂

9210 LD50 study from 1941

rat,
♂,
no other data

> 5000 (no mortality) and > 10 000 
(100% mortality)

LD50 study from 1943

mouse,
CD-1,
5 ♂

7128
8188

LD50 for fasted animals
LD50 for fed animals

study from 1981

rabbit,
strain not specified,
8 ♂, 8 ♀

> 4000 LD50 study from 1961

rabbit,
no other data

> 6300 LD50 study from 1941

guinea pig,
strain not specified,
10 ♂, 10 ♀

4160 LD50 study from 1941

cat,
breed not specified,
1 ♂, 1 ♀

> 4080 LD50 study from 1961

The MAK Collection for Occupational Health and Safety 2026, Vol 11, No 1 7



MAK Value Documentations – Diethylene glycol monomethyl ether

5.1.3 Dermal application

In a study carried out in 1981, diethylene glycol monomethyl ether (purity > 99.5%) was applied occlusively to the skin of 
groups of 5 male New Zealand White rabbits in doses of 10.5, 21, 42, 84 or 168 mmol/kg body weight (about 1260, 2520, 
5040, 10 080 or 20 160 mg/kg body weight) for 24 hours. The animals were then observed for 14 days. Anorexia, slight 
depression, cyanosis, ataxia and soft faeces were observed at low sublethal doses (no other details) and salivation, nasal 
discharge, iritis, lethargy, prostration and laboured breathing at higher doses (no other details). The gross-pathological 
findings were oedema and haemorrhage of the thymus gland, brown discoloration of the lungs and liver, greenish-brown 
mottled liver, discoloured kidneys with increased surface vascularity, dark red and enlarged cortex and a dark red 
medulla, haemorrhage of the stomach and duodenum, and dark brown fluid in the thorax and abdomen. The LD50 was 
9404 mg/kg body weight (ECHA 2020).

Another study from 1984 was carried out with occlusive dermal exposure of groups of 5 male and 5 female New Zealand 
White rabbits to doses of 4, 8 or 16 ml/kg body weight. The observation period lasted 14 days. The high dose was 
lethal to 3 males and 3 females within 2 to 3 days. The same incidence of mortality was reached at the medium dose 
within 2 to 4 days; the low dose was not lethal. The surviving animals of the medium and high dose groups exhibited 
sluggishness, prostration and an unsteady gait, but recovered completely from the symptoms on day 2. At the low 
dose, only 1 male animal had an unsteady gait, which was also reversible on day 2. The main findings of the gross-
pathological examination of the animals in the medium and high dose groups were discoloration of the lungs, brown 
mottled liver and brown fluid in the thorax and abdomen. Two males in the low dose group had dark red lungs. Erythema 
was observed at the application site of all exposed animals. The LD50 was 8.98 ml/kg body weight (9284 mg/kg body 
weight) (ECHA 2020).

A study carried out in 1940 determined an LD50 of 8000 mg/kg body weight in male and female guinea pigs. Another 
study carried out in 1943 with male and female guinea pigs reported a non-lethal dose of 10 000 mg/kg body weight 
(ECHA 2020).

5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

In a well-documented 13-week inhalation study that was carried out according to a valid method, groups of 10 male and 
10 female F344 rats were exposed whole-body to diethylene glycol monomethyl ether vapour (purity > 99.5%) in concen
trations of 0, 30, 100 or 216 ml/m3 for 6 hours a day, on 5 days a week. The highest concentration tested was the maximum 
vapour concentration attainable under laboratory conditions and was equivalent to more than 60% of the maximum 
theoretical vapour concentration at 25 °C and 1013 hPa. The body weights and organ weights did not yield any evidence 
of substance-induced effects, nor were these evident from the results of the haematological examinations (haematocrit, 
haemoglobin, erythrocytes, leukocytes, differential blood count, thrombocytes), clinical chemical analyses (urea/blood 
urea nitrogen (BUN), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (AP), 
glucose, total protein, albumin, globulin), urinalysis (bilirubin, glucose, ketones, blood, pH, protein, urobilinogen, spe
cific density) and gross-pathological and histopathological examinations (49 organs/tissues). The NOAEC (no observed 
adverse effect concentration) is therefore equal to or above 216 ml/m3 (Dow Chemical 1984 a; Miller et al. 1985).

5.2.2 Oral administration

In a 12-day dose-finding study for developmental toxicity, groups of 4 to 6 female Wistar rats that were not pregnant 
were given diethylene glycol monomethyl ether in gavage doses of 0, 125, 250, 500, 1000, 2000, 3000 or 4000 mg/kg 
body weight and day on 11 consecutive days. The body weights, feed consumption and the general state of health of 
the animals were determined each day. A urinalysis was carried out on day 10 within 30 minutes of treatment, using 
commercial test strips. The blood was analysed on day 12 and the weights of the liver, kidneys, heart, spleen, stomach, 
brain, adrenal glands, thymus gland, ovaries and pituitary gland were determined. The urinary pH values determined 
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in all groups (125 mg/kg: pH 7.0–8.0; 4000 mg/kg: pH 5.0–6.0) were lower than the values of the control animals (pH 
8.0–8.5). This effect was attributed to the acid metabolites of the test substance and is not an adverse effect. The only 
findings at 2000 mg/kg body weight and day were changes in the organ weights of the thymus and pituitary glands (no 
other details); however, these effects were not statistically significant. The body weight gains and feed consumption, 
haematocrit values and the relative pituitary gland weights were reduced with statistical significance at 3000 mg/kg 
body weight and day and above. The leukocyte and erythrocyte counts, haemoglobin concentrations and the relative 
thymus weights were reduced with statistical significance at 4000 mg/kg body weight and day. The relative kidney 
weights and the BUN values were slightly increased at 4000 mg/kg body weight and day. A NOAEL (no observed adverse 
effect level) of 1000 mg/kg body weight and day was derived based on the changes in the organ weights of the pituitary 
and thymus glands (Yamano et al. 1993).

In another study, diethylene glycol monomethyl ether (purity > 98%) was given daily to groups of 4 male Wistar rats in 
gavage doses of 0, 500, 1000 or 2000 mg/kg body weight and day for up to 20 days. Additional satellite groups, each 
made up of 4 animals, were included in the high dose group for examination after 1, 2 and 5 days. The body weights of 
the animals and the organ weights of the liver, kidneys, heart, thymus gland, lungs, testes and spleen were determined. 
In the high dose group, the body weight gains were reduced with statistical significance from day 10 of exposure and 
the relative organ weights of the liver, spleen, thymus gland and testes were decreased with statistical significance from 
day 5. After 20 days, the relative thymus weights were decreased slightly at the low dose of 500 mg/kg body weight 
and day and with statistical significance at 1000 mg/kg body weight and day and above (data from graph: 500 mg/kg 
body weight and day: about –17%, 1000 mg/kg body weight and day: about –26%, 2000 mg/kg body weight and day: 
about –40%). In rats, the number of lymphocytes in the thymic cortex was reduced after exposure to 2000 mg/kg body 
weight and day for 5 days. The NOAEL of this study is probably about 500 mg/kg body weight and day (Kawamoto et 
al. 1990 a). It was not reported whether additional animals were examined histopathologically.

In a 6-week gavage study carried out in 1982, groups of 10 male CD rats (strain: CR, COBS, CD, BR albino) were given 
diethylene glycol monomethyl ether (purity > 99%) in doses of 0, 900, 1800 or 3600 mg/kg body weight and day on 
5 days a week. Body weights were reduced in the medium dose group (7%, not statistically significant) and in the high 
dose group (12%, statistically significant). The animals of the high dose group also had a 13% lower feed intake; this 
reduction was statistically significant. A statistically significant, 16% increase in the BUN value was observed only at 
this dose. The changes in the organ weights did not reveal a consistent trend. The relative heart and kidney weights 
and the absolute spleen weights were increased with statistical significance at 3600 mg/kg body weight and day. The 
relative testis weights and the absolute brain and liver weights were reduced with statistical significance at this dose 
and testicular atrophy was observed in 6 of 10 animals. In addition, half of these animals had degenerated sperm in the 
epididymis and hypospermia. One animal in the same dose group had hyperkeratosis of the stomach. Protein deposits in 
the proximal convoluted tubules and hyaline degeneration were found in the kidneys. The latter finding was observed 
also in all 10 control animals and was therefore not considered exposure-related. At 1800 mg/kg body weight and day, 
the relative heart and testis weights were increased with statistical significance and the absolute liver weights were 
decreased with statistical significance. No histopathological findings that were attributable to exposure were detected 
in the low and medium dose groups. The only effects observed at the medium dose of 1800 mg/kg body weight and 
day were inconsistent increases and decreases in the relative and absolute organ weights. Exposure at the low dose of 
900 mg/kg body weight and day did not induce any changes; as a result, this dose is considered the NOAEL for systemic 
toxicity in male rats. Female animals were not examined (The Eastman Kodak Laboratory of Industrial Medicine 1982; 
no other details). It is unclear why the effects on the thymus gland that were observed in the two studies above did 
not occur in this study.

5.2.2.1 Investigation of possible liver toxicity

Groups of 4  male Wistar rats were given gavage doses of diethylene glycol monomethyl ether of 0, 500, 1000 or 
2000 mg/kg body weight and day for 1 to 20 days. After administration of 2000 mg/kg body weight and day for 5 days, 
there was an increase in the microsomal protein content in the liver and cytochrome P450 activity was induced, but not 
the activities of cytochrome b5 or NADPH-cytochrome c reductase. No effects on cytosolic alcohol dehydrogenase were 
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observed. At the high dose, the relative liver weights were decreased after administration for 5 days and the absolute 
liver weights were decreased after 20 days (Kawamoto et al. 1990 b). The NOAEL for this study was 1000 mg/kg body 
weight and day.

Under conditions identical to those of the study described above, but with exposure of rats to diethylene glycol 
monomethyl ether on 5 days a week for up to 4 weeks, gamma-glutamyl transpeptidase (GGT), ALT, AST or AP activities 
were not induced in the serum of the animals. The hepatic microsomal GGT activity was induced with statistical signif
icance only in the high dose group exposed to 2000 mg/kg body weight and day. An examination of the liver, brain, 
lungs, spleen, pancreas and kidneys revealed a statistically significant, 50% increase in GGT only in the brains of the 
animals exposed to 1000 mg/kg body weight and day (Kawamoto et al. 1992). It was not reported whether the brains of 
the animals in the lower dose groups were examined. For this reason, the LOAEL (lowest observed adverse effect level) 
of this study was 1000 mg/kg body weight and day and a NOAEL cannot be derived.

5.2.2.2 Comparison with diethylene glycol dimethyl ether

The toxic effects induced by diethylene glycol monomethyl ether on the testes are much less severe than those induced 
by diethylene glycol dimethyl ether (MAK value 1 ml/m3, Hartwig and MAK Commission 2023). Unlike diethylene 
glycol monomethyl ether, which did not induce any effects on the reproductive organs up to the highest concentration 
tested of 216 ml/m3 in a 13-week inhalation study in rats, a NOAEC of 30 ml/m3 was derived for adverse effects on 
the testes induced by diethylene glycol dimethyl ether in a 2-week inhalation study in rats. A possible explanation is 
that diethylene glycol monomethyl ether and diethylene glycol dimethyl ether are metabolized to methoxyacetic acid 
in different amounts. The fraction of methoxyacetic acid found in the urine (0–48 hours) of rats given oral doses of 
diethylene glycol monomethyl ether of 500 to 2000 mg/kg body weight and day was 0.8% to 1.4% of the applied dose 
and decreased with an increase in the dose (ECHA 2020; EU 2000; Health Council of the Netherlands 2017). The fraction 
of methoxyacetic acid is about 5 times as high after exposure to diethylene glycol dimethyl ether (Hartwig and MAK 
Commission 2023).

5.2.2.3 Summary

After evaluating the available studies with repeated oral exposure, a LOAEL of 500 mg/kg body weight and day was 
derived based on the findings after 20-day gavage administration in male Wistar rats (Kawamoto et al. 1990 a). At this 
dose, the thymus weights were slightly reduced, but not with statistical significance. Histopathological changes in the 
thymus gland in the form of a reduced number of lymphocytes in the cortex became noticeable at 2000 mg/kg body 
weight and day. As a result, 500 mg/kg body weight and day is regarded as the dose at which adverse effects begin 
to appear. The NAEL (no adverse effect level) for this study is probably about 500 mg/kg body weight and day. In the 
females, this effect was observed concurrently with a decrease in the relative pituitary gland weights after a shorter 
period of exposure of 12 days and at doses of 2000 mg/kg body weight and day and above.

5.2.3 Dermal application

In a 13-week dermal study, diethylene glycol monomethyl ether was applied occlusively to the skin of groups of 6 male 
guinea pigs in doses of 0, 40, 200 or 1000 mg/kg body weight and day for 6 hours a day, on 5 days a week. A slight, but 
not statistically significant reduction in body weights was observed at the high dose. At the medium dose of 200 mg/kg 
body weight and day and above, the absolute and relative spleen weights of the animals were reduced with statistical 
significance. The lactate dehydrogenase activity in the serum was increased with statistical significance and the MCHC 
value (mean corpuscular haemoglobin concentration) was decreased at 1000 mg/kg body weight and day. The calcium 
levels in the urine were increased with statistical significance in all exposed animals. According to the authors, this is a 
secondary effect of the excretion of acid metabolites such as 2-(2-methoxyethoxy)acetic acid with the urine, which leads 
to the formation of calcium salts. As these calcium salts form, the calcium level in the urine increases while the number 
of calcium ions that are available for tubular reabsorption in the kidneys decreases. Other diglycolic and triglycolic 
acids are known to act as chelating agents for calcium and to form stable soluble calcium complexes. However, the 
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compensatory hypercalcaemia in the blood that is known to occur with other substances was not detected. The slight 
accumulation of periportal fat within the hepatocytes of the liver was observed in all exposed animals; this effect was 
dependent on the dose (0/7, 2/6, 6/6 and 6/6, respectively, at 0, 40, 200 and 1000 mg/kg body weight and day). Focal 
coagulation necrosis was observed in the liver, but without dose dependency (2/7, 1/6, 4/6 and 2/6, respectively, at 0, 
40, 200 and 1000 mg/kg body weight and day). This finding is difficult to evaluate, however, because no other changes 
that are relevant to liver toxicity occurred (Hobson et al. 1986). The Commission considers the slight accumulation of 
periportal fat within the hepatocytes to be difficult to evaluate because the liver weights were not increased. It is unusual 
to conduct a 13-week study with guinea pigs, the study used only a small number of animals (6) and only male animals. 
No effects occurred in the liver of rats after administration of oral doses of up to 1000 mg/kg body weight and day for 
20 days and after exposure by inhalation to concentrations of up to 216 ml/m3 for 13 weeks. As a result, the findings 
are not considered relevant for the derivation of a MAK value.

5.3 Local effects on skin and mucous membranes

5.3.1 Skin

In a study from 1984, 0.5 ml of diethylene glycol monomethyl ether (purity not specified) was applied occlusively to the 
shaved, intact skin of 3 male and 3 female New Zealand White rabbits for 4 hours. The animals were examined over a 
period of 3 days; readings were taken after 5, 24, 48 and 72 hours and scored according to Draize. The irritation scores 
for erythema and oedema were 0 on a scale up to 4 at all time points. Therefore, diethylene glycol monomethyl ether 
did not cause irritation of the skin in rabbits (ECHA 2020).

Another study was carried out in 1960 with 2 Vienna White rabbits. Diethylene glycol monomethyl ether (probably also 
0.5 ml; purity not specified) was applied occlusively either to the shaved dorsal skin for 60 seconds, for 5 or 15 minutes or 
for 20 hours or to the skin of the ears for 20 hours. The observation period lasted 8 days. The authors of the registration 
dossier converted the original study data (no other details) to Draize scores, which resulted in a score of 0.16 on a scale 
up to 4 for erythema after exposure for 20 hours (not specified whether this was after application to the back or to the 
ear) and of 0 of 4 for oedema. The effects were reversible after 48 hours. The substance was assessed as not irritating 
to the skin of rabbits (ECHA 2020).

Diethylene glycol monomethyl ether was applied in undiluted form or as a 5%, 10%, 20% or 50% aqueous solution to 
the shaved skin on the right side of the body of 50 guinea pigs in total (the duration of exposure and whether the 
application was occlusive or non-occlusive were not specified). Hyperaemia was induced by the undiluted substance 
and there was slight peeling of the skin at the end of the experiment. The aqueous solutions did not cause lesions on 
the skin of the guinea pigs. No changes to the skin were visible after the application of 5%, 10%, 20% or 50% aqueous 
solutions of diethylene glycol monomethyl ether to the skin of 50 white rats and 15 rabbits for 10 days (Pastushenko et 
al. 1985). This study is not included in the evaluation because the method was not described in sufficient detail.

Conclusion: Diethylene glycol monomethyl ether does not cause irritation of the skin in rabbits.

5.3.2 Eyes

In a study from 1984, 0.1 ml of diethylene glycol monomethyl ether (purity not specified) was instilled into one eye 
of each of 6 New Zealand White rabbits. The effects on the eyes were scored according to the Draize method over a 
3-day period after 1, 4, 24, 48 and 72 hours. It was not reported whether the eyes were rinsed. The primary irritation 
index (24, 48, 72 hours) was 0.53; the individual scores were 0.1 of a maximum of 3 for conjunctival redness, 0.1 of a 
maximum of 4 for conjunctival swelling and 0 of a maximum of 4 and 2, respectively, for corneal opacity and iritis. 
The findings were reversible within 48 hours. Iritis was observed in half of the animals after 4 hours; this effect was, 
however, reversible after 24 hours. Diethylene glycol monomethyl ether caused, at most, slight to moderate irritation 
of the eyes in rabbits (ECHA 2020).
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In another study from 1960, 0.05 ml of diethylene glycol monomethyl ether (purity not specified) was instilled into one 
eye of 2 Vienna White rabbits. The eyes were not rinsed and were observed for 48 hours after instillation. The primary 
irritation index (24, 48 hours) was 0. An initial marked reaction (no other details) was observed in the first few hours, 
but the findings were reversible within 24 hours. The substance was assessed as not irritating to the eyes of rabbits 
(ECHA 2020).

Conclusion: Diethylene glycol monomethyl ether does not cause irritation of the eyes in rabbits.

5.4 Allergenic effects

5.4.1 Sensitizing effects on the skin

A maximization test with diethylene glycol monomethyl ether (purity: 99.93%) in 10 female Pirbright White guinea 
pigs (strain: HsdPoc:DH) yielded negative results. The undiluted test substance was used for epidermal induction. After 
dermal induction, severe oedema, scabs and signs of necrosis were observed around the site where Freund’s adjuvant 
had been injected. As marked irritation occurred on the skin after intradermal application of Freund’s adjuvant (both 
with the 5% test substance and without the test substance), sodium lauryl sulfate was not applied to prepare the skin 
for epidermal induction. No skin irritation was observed in the areas that were treated only with the test substance or 
a saline solution. Negative results were obtained at the challenge with the undiluted test substance (ECHA 2020).

Another study with guinea pigs is available, but it is not fully documented. In this study, 0.2 ml of diethylene glycol 
monomethyl ether in doses of 0.08, 0.8 or 8 mg/kg body weight (no other details) or physiological saline solution were 
injected subcutaneously into the outer skin of the ears of 10 guinea pigs per dose group. Epidermal application began 
10 days later and continued for 7 days. Negative results were obtained at the challenge (no other details). Diethyl   
ene glycol monomethyl ether was not sensitizing (EU 2000; Pastushenko et al. 1985). This test is not included in the 
evaluation because the method was not described in sufficient detail.

5.4.2 Sensitizing effects on the airways

There are no studies available.

5.5 Reproductive and developmental toxicity

5.5.1 Fertility

No generation studies or mating studies with diethylene glycol monomethyl ether are available.

Studies that investigated the effects on the reproductive organs are listed in Table 3.

After whole-body exposure for 13 weeks (see also Section 5.2.1), no effects on the male and female reproductive organs 
(testes, epididymis, seminal vesicles, prostate glands, coagulation glands, ovaries, oviducts, uterus, cervix, vagina) were 
observed in F344 rats up to the high diethylene glycol monomethyl ether concentration of 216 ml/m3 (Dow Chemical
1984 a; Miller et al. 1985).

After 5  days, the relative testis weights were decreased in Wistar rats given gavage doses of diethylene glycol 
monomethyl ether of 2000 mg/kg body weight and day (see also Section 5.2.2). This effect was not yet noticeable after 
20 days at 1000 mg/kg body weight and day (Kawamoto et al. 1990 a). The testes were not examined histologically.

In another study, Sprague Dawley rats were given gavage doses of diethylene glycol monomethyl ether of 613 mg/kg 
body weight and day for a period of up to 20 days; only one dose level was tested. The gross-pathological and histopatho
logical examinations did not reveal any noticeable findings in the testes (Cheever et al. 1988).
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In a 6-week gavage study in albino COBS CD BR rats, the relative testis weights were reduced at doses of 1800 mg/kg 
body weight and day and above and testicular atrophy, degenerated sperm in the epididymis and hypospermia were 
detected at 3600 mg/kg body weight and day (The Eastman Kodak Laboratory of Industrial Medicine 1982).

Occlusive dermal application (see also Section 5.2.3) to the skin of male Hartley guinea pigs for 13 weeks did not cause 
any effects on the testes and seminal vesicles at 1000 mg/kg body weight and day (Hobson et al. 1986).

The evidence shows that the male reproductive organs (testicular atrophy) are the target organs of toxicity for several 
glycol ethers such as methoxyethanol and ethoxyethanol. The toxic effects and the resulting impaired fertility are 
mediated by methoxyacetic acid and ethoxyacetic acid, respectively (ECETOC 2005).

Tab. 3 Studies investigating the effects of diethylene glycol monomethyl ether on the reproductive organs

Species,
strain,
number per group

Exposure Findings References

Inhalation

rat,
F344,
10 ♂, 10 ♀

13 weeks, 6 hours/day, 5 days/week,
0, 30, 100, 216 ml/m3,
purity: > 99.5%

216 ml/m3: NOAEC reproductive 
organs

Dow Chemical 1984 a; Miller 
et al. 1985

Oral

rat,
Wistar,
4 ♂ for 1–5 days,
8 ♂ for 20 days

1, 2, 5 days,
0, 2000 mg/kg body weight and day,
20 days,
0, 500, 1000, 2000 mg/kg body weight and 
day,
gavage,
vehicle: water,
purity: > 98%

1000 mg/kg body weight (20 days):
NOAEC reproductive organs;
2000 mg/kg body weight: body weights ↓ 
(10 days: about –10%, data from figure), 
relative testis weights ↓ (5 days: –16%, 
20 days: –19%);
no histological examination of the testes

Kawamoto et al. 1990 a

rat,
Sprague Dawley,
5 ♂

20 days,
0, 5.1 mmol/kg body weight and day 
(613 mg/kg body weight and day),
gavage,
vehicle: water,
purity: 99%,
examination of the testes every 2 days 
(n = 5)

613 mg/kg body weight: NOAEC 
reproductive organs

Cheever et al. 1988

rat,
Albino COBS CD BR,
10 ♂

6 weeks, 5 days/week,
0, 900, 1800, 3600 mg/kg body weight and 
day,
gavage,
vehicle: no data,
purity: no data

900 mg/kg body weight: NOAEC 
reproductive organs;
1800 mg/kg body weight and above: 
testes: weights ↓;
3600 mg/kg body weight: testes: atrophy 
(5/10), epididymis: degenerated sperm, 
hypospermia

The Eastman Kodak 
Laboratory of Industrial 
Medicine 1982

Dermal

guinea pig,
Hartley,
6 ♂

13 weeks, 6 hours/day, 5 days/week,
0, 40, 200, 1000 mg/kg body weight and 
day,
dermal, occlusive,
purity: 99%

1000 mg/kg body weight: NOAEC 
reproductive organs

Hobson et al. 1986

Summary: Oral doses of diethylene glycol monomethyl ether caused a decrease in the relative testis weights of Wistar 
rats after 5 days at a dose of 2000 mg/kg body weight (Kawamoto et al. 1990 a) and of albino COBS CD BR rats after 
6 weeks at doses of 1800 mg/kg body weight and day and above. Testicular atrophy, degenerated sperm in the epididymis 
and hypospermia were observed at 3600 mg/kg body weight and day (The Eastman Kodak Laboratory of Industrial 
Medicine 1982). However, no effects on the testes were detected in rats after inhalation exposure for 13 weeks to the 
highest concentration tested of 216 ml/m3 (Dow Chemical 1984 a; Miller et al. 1985).
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5.5.2 Developmental toxicity

The developmental toxicity studies of diethylene glycol monomethyl ether are shown in Table 4.

Tab. 4 Developmental toxicity studies with administration of diethylene glycol monomethyl ether

Species,
strain,
number per group

Exposure Findings References

Oral

rat,
Sprague Dawley 
(Crl:CD (SD)BR),
9 ♀

GD 7–16,
dose-finding study,
0, 1000, 1495, 2235, 3345, 
5175 mg/kg body weight 
and day,
gavage,
purity: no data,
vehicle: water,
examination GD 21

1495 mg/kg body weight and above: foetuses: reduced ossification of the skull;
2235 mg/kg body weight and above: foetuses: ♀: body weights ↓, skeletal 
variations (vertebrae), visceral variations and malformations (cardiovascular), 
skeletal malformations (fused ribs, cleft sternebrae);
3345 mg/kg body weight and above: dams: body weights ↓, feed consumption 
transiently reduced, number of surviving litters/pregnant dam ↓,
foetuses: number of surviving foetuses/litter ↓, ♂: body weights ↓;
5175 mg/kg body weight: dams: mortality (2/9)

Hardin et al.
1986

rat,
Sprague Dawley 
(Crl:CD (SD)BR),
25 ♀

GD 7–16,
0, 720, 2165 mg/kg body 
weight and day,
gavage,
purity: no data,
vehicle: water,
examination GD 21,
similar to OECD TG 414
(2 dose groups instead of 
3, doses given GD 7–16 
instead of GD 5–15)

no NOAEL for developmental toxicity;
720 mg/kg body weight: NOAEL maternal toxicity;
720 mg/kg body weight and above: foetuses: skeletal variations/malformations 
(rudimentary cervical ribs, wavy/fused ribs: not evaluated separately) and visceral 
variations (dilated renal pelvis), reduced ossification of the appendicular skeleton 
(limbs, shoulder girdle and pelvic girdle) and of the skull;
2165 mg/kg body weight: dams: body weights ↓ (GD 21), feed consumption 
transiently reduced,
foetuses: surviving foetuses/litter ↓ (60.5% ± 31.5%, controls: 90.7% ± 8.8%), body 
weights ↓, reduced ossification of the vertebrae, sternebrae and ribs, skeletal 
malformations (rudimentary cervical ribs, wavy/fused ribs: not evaluated 
separately; wavy ribs: variation, fused ribs: malformation; BfR 2020), visceral 
malformations (cardiovascular: double aortic arch, right-sided aortic arch, right-
sided ductus arteriosus, ventricular septal defect)

Hardin et al.
1986

rat,
Wistar,
4–6 ♀

GD 7–17,
dose-finding study,
0, 125, 250, 500, 1000, 
2000, 3000, 4000 mg/kg 
body weight and day,
gavage,
purity: > 99%,
vehicle: water,
examination GD 20

1000 mg/kg body weight and above: foetuses: variations and malformations;
2000 mg/kg body weight and above: dams: body weight gains ↓,
foetuses: incidence of dead or resorbed foetuses (late stage) ↑, ♂: body weights ↓;
3000 mg/kg body weight and above: dams: feed consumption ↓, relative 
pituitary gland weights ↓, haematocrit ↓,
foetuses: no surviving foetuses;
4000 mg/kg body weight: dams: relative kidney weights ↑, relative thymus 
weights ↓, haemoglobin ↓

Yamano et al.
1993
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Species,
strain,
number per group

Exposure Findings References

rat,
Wistar,
22 ♀

GD 7–17,
0, 200, 600, 1800 mg/kg 
body weight and day,
gavage,
purity: > 99%,
vehicle: water,
examination GD 21 (14 
dams) or PND 21 (8 dams)
similar to OECD TG 
414 (fewer than the 
minimum recommended 
number of 16 animals 
for the examination of 
teratogenicity, doses given 
GD 7–17 instead of GD 
5–15)

examination GD 21:
200 mg/kg body weight: NOAEL developmental toxicity;
600 mg/kg body weight: NOAEL maternal toxicity;
600 mg/kg body weight and above: foetuses: body weights ↓, visceral 
variations (residual thymic tissue in the neck, dilated renal pelvis), reduced 
ossification of sternebrae and vertebrae;
1800 mg/kg body weight: dams: body weight gains and body weights ↓, feed 
consumption ↓, absolute thymus weights ↓,
foetuses: number of surviving foetuses ↓, incidence of dead or resorbed foetuses 
(early and late stages) ↑, external malformations (anasarca, absent tail), external 
anomalies (back: subcutaneous haematoma), skeletal variations (vertebral 
clefting), skeletal malformations (absent vertebral bodies, absent digits in the 
fingers or toes), visceral malformations (cardiovascular: right-sided aortic arch, 
ventricular septal defect), reduced ossification of the cranial bones and limbs;
examination PND 21:
200 mg/kg body weight: NOAEL perinatal toxicity;
600 mg/kg body weight: NOAEL maternal toxicity;
600 mg/kg body weight and above: offspring: viability ↓;
1800 mg/kg body weight: dams: prolonged gestation,
offspring: number of surviving offspring ↓

Yamano et al.
1993

mouse,
CD-1,
50 ♀

GD 7–14,
0, 4000 mg/kg body weight 
and day,
gavage,
purity: 99%,
vehicle: water,
examination PND 0–3

4000 mg/kg body weight: dams: mortality (5/50),
offspring: number of litters with surviving offspring ↓ (5/32); number of living 
foetuses/litter ↓, survival PND 1–3 ↓;
no examination of teratogenicity

NIOSH 1984; 
Schuler et al.
1984

Dermal

rabbit,
New Zealand White,
25 ♀

GD 6–18,
0, 50, 250, 750 mg/kg body 
weight and day,
occlusive dermal 
(continuous from GD 
6–18),
purity: 99.6%,
vehicle: water,
examination GD 29,
similar to OECD TG 414

50 mg/kg body weight: NOAEL developmental and maternal toxicity;
50 mg/kg body weight: dams: mortality (1/25; unknown cause);
250 mg/kg body weight and above: foetuses: delayed ossification of the hyoid 
bone, skeletal variations (cervical spurs);
750 mg/kg body weight: dams: mortality (2/25; no specific cause determined 
at necropsy), body weight gains transiently decreased, haematological changes 
(erythrocyte count ↓, haematocrit ↓),
foetuses: skeletal variations (mild forelimb flexure), visceral variations (dilated 
renal pelvis, retrocaval ureter), delayed ossification of the sternebrae;
no teratogenicity

Dow 
Chemical
1984 b; 
Scortichini et 
al. 1986

Tab. 4   (continued)

GD: gestation day; PND: postnatal day; TG: test guideline

In a dose-finding study in Sprague Dawley rats (Crl:CD (SD)BR) with gavage administration of diethylene glycol 
monomethyl ether from gestation days 7 to 16, reduced ossification of the skull was observed in the foetuses at doses of 
1495 mg/kg body weight and day and above without concurrent maternal toxicity. In the main study, skeletal variations 
of the ribs, reduced ossification of the limbs, the shoulder girdle and pelvic girdle, and visceral variations (dilated renal 
pelvis) were detected in the foetuses at the low dose of 720 mg/kg body weight and day and above without concurrent 
maternal toxicity. The incidence of skeletal variations and cardiovascular malformations increased with the dose (Hardin 
et al. 1986). A NOAEL for developmental toxicity could not be derived from the findings of this study.

Another dose-finding study with gavage administration in Wistar rats from gestation days 7 to 17 found an increased 
incidence of variations and malformations at diethylene glycol monomethyl ether doses of 1000 mg/kg body weight and 
day and above without concurrent maternal toxicity. In the main study, no maternal toxicity, but reduced body weights, 
visceral variations (residual thymic tissue in the neck, dilated renal pelvis) and reduced ossification of the sternebrae 
and vertebrae were observed in the foetuses at doses of 600 mg/kg body weight and day and above. Malformations 
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occurred with an increase in the dose. The NOAEL for developmental toxicity was 200 mg/kg body weight and day, the 
NOAEL for maternal toxicity 600 mg/kg body weight and day (Yamano et al. 1993).

Diethylene glycol monomethyl ether given to CD-1 mice by gavage from gestation days 7 to 14 led to an increase in 
mortality in the dams and reduced the number of living offspring at the only dose administered of 4000 mg/kg body 
weight and day (NIOSH 1984; Schuler et al. 1984).

After occlusive dermal application of diethylene glycol monomethyl ether to New Zealand White rabbits from gestation 
days 6 to 18, an increase in skeletal variations (cervical spurs) and delayed ossification of the hyoid bone were observed 
in the foetuses at doses of 250 mg/kg body weight and day and above without concurrent maternal toxicity. Further 
skeletal variations (mild forelimb flexure), delayed ossification of the sternebrae and visceral variations (dilated renal 
pelvis, retrocaval ureter) were observed at 750 mg/kg body weight and day. At this dose, the body weight gains of the 
dams were reduced and haematological changes were detected. Teratogenic effects were not found up to the high dose 
of 750 mg/kg body weight and day. The NOAEL for maternal toxicity and developmental toxicity was 50 mg/kg body 
weight and day (Dow Chemical 1984 b; Scortichini et al. 1986).

In a study in Alpk/Ap rats with subcutaneous administration of diethylene glycol monomethyl ether, the survival of 
the offspring was slightly reduced at 1000 µl/kg body weight and day (equivalent to about 1020 mg/kg body weight and 
day) (Doe 1984). The scope of the study was limited and the study is therefore not suitable for the evaluation.

Several glycol ethers, such as methoxyethanol and ethoxyethanol, are known to cause teratogenic effects. Malformations 
are induced in the skeletal and cardiovascular systems, the central nervous system and the urogenital tract. These effects 
are mediated by methoxyacetic acid and ethoxyacetic acid, respectively (ECETOC 2005).

Methoxyacetic acid given in oral doses to rats caused cardiovascular (mainly a double aortic arch or abnormal 
positioning of the aortic arch) and skeletal malformations such as fused ribs, absent digits in the fingers and toes 
and an absent tail (Nelson et al. 1989; Ritter et al. 1985). Diethylene glycol monomethyl ether induced cardiovascular 
malformations in rats such as a double aortic arch, a right-sided aortic arch, a right-sided or absent ductus arteriosus 
and ventricular septal defects. Other skeletal malformations were observed including fused ribs, absent vertebral bodies, 
absent digits in the fingers and toes (Hardin et al. 1986; Yamano et al. 1993), anasarca and an absent tail (Yamano et 
al. 1993). The kinds of malformations induced by diethylene glycol monomethyl ether are thus qualitatively similar to 
those induced by methoxyacetic acid (ECETOC 2005).

In vitro

To study chondrogenesis, isolated forelimb buds from fertilized chicken eggs were incubated with diethylene glycol 
monomethyl ether for up to 14 days. The substance reduced the proteoglycan content and decreased cell proliferation 
at the highest concentration tested of 100 μl/ml. A concurrent increase in apoptotic cells was not observed. By contrast, 
methoxyacetic acid reduced the proteoglycan content, decreased cell proliferation and increased the number of apoptotic 
cells in a concentration-dependent manner. The authors concluded that methoxyacetic acid impairs chondrogenesis via 
apoptosis (Scofield et al. 2006).

5.6 Genotoxicity

5.6.1 In vitro

A mutagenicity test published in 2017 was carried out according to OECD Test Guideline 471 in the Salmon                
ella typhimurium strains TA98, TA100, TA1535 and TA1537 and in Escherichia coli WP2uvrA. Diethylene glycol 
monomethyl ether concentrations (purity not specified, dissolved in dimethyl sulfoxide (DMSO)) of 0, 1.5, 5, 15, 50, 150, 
500, 1500 or 5000 µg/plate were tested in the plate incorporation assay, while concentrations of 0, 15, 50, 150, 500, 1500 
or 5000 µg/plate were tested using the pre-incubation method. The tests were carried out with and without metabolic 
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activation. Diethylene glycol monomethyl ether did not cause mutagenic effects in any of the test batches. Neither 
cytotoxicity nor precipitate formation was observed up to the highest concentration (ECHA 2020).

Another study published in 1989 conformed overall with the procedure established by OECD Test Guideline 471, but 
did not include a test with Escherichia coli. The mutagenic potential of diethylene glycol monomethyl ether (purity 
99.9%) was investigated in the Salmonella typhimurium strains TA98, TA100, TA1535 and TA1537. Diethylene glycol 
monomethyl ether concentrations (in DMSO) in a range from 20 to 5000 µg/plate (no other details) were tested in the 
standard plate test and in the plate incorporation test both with and without metabolic activation. Diethylene glycol 
monomethyl ether did not cause mutagenic effects in any of the test batches. Neither cytotoxicity nor precipitate 
formation was observed up to the highest concentration tested (ECHA 2020).

The NTP carried out a mutagenicity assay with the Salmonella typhimurium strains TA97, TA98, TA100 and TA1535 
using the pre-incubation method both in the absence and presence of a metabolic activation system. The incidence 
of mutations was not increased at diethylene glycol monomethyl ether concentrations of 0, 100, 333, 1000, 3333 or 
10 000 µg/plate. Neither cytotoxicity nor precipitate formation was observed up to the highest concentration tested 
(NTP 2018).

Several international assessments include an unpublished study carried out in 1997 by the company Höchst AG (the 
original report is no longer available). In the study, a chromosomal aberration test conducted with diethylene glycol 
monomethyl ether in V79 cells yielded negative results. The study was carried out according to OECD Test Guideline 
473 and under GLP conditions. In two separate experiments, diethylene glycol monomethyl ether was tested in concen
trations of up to 1201.7 µg/ml (= 10 mM) both in the presence and in the absence of a metabolic activation system. In 
both experiments, the mitotic index was reduced after 28 hours, but not after 20 hours. Diethylene glycol monomethyl 
ether did not induce chromosomal aberrations. The functioning of the test system was verified by the positive controls 
ethyl methanesulfonate and cyclophosphamide (EU 2000; SCOEL 2001).

Summary: Diethylene glycol monomethyl ether did not cause mutagenic effects in bacteria in three experiments and 
did not induce chromosomal aberrations in a study in V79 cells. These results were obtained in valid studies that were 
carried out in conformity with the test guidelines.

5.6.2 In vivo

There are no data available.

5.7 Carcinogenicity
There are no data available.

6 Manifesto (MAK value/classification)
The critical effect is developmental toxicity.

MAK value.  There are no data in humans available. In a 13-week inhalation study in F344 rats, substance-induced 
effects were not observed after exposure to diethylene glycol monomethyl ether at the maximum vapour concentration 
of 216 ml/m3 for 6 hours a day, on 5 days a week. Therefore, the NOAEC is equal to or above 216 ml/m3 (Miller et al. 1985).

After evaluating the studies that investigated repeated oral exposure, a LOAEL of 500 mg/kg body weight and day was 
derived for 20-day gavage administration in male Wistar rats. A slight, 17% reduction in the relative thymus weight was 
observed at this dose (Kawamoto et al. 1990 a). The NAEL for this study is probably close to 500 mg/kg body weight and 
day. In female animals, this effect was observed in a developmental toxicity study after a shorter period of exposure of 
12 days and at doses of 2000 mg/kg body weight and day and above (Yamano et al. 1993). The LOAEL of 500 mg/kg body 
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weight and day corresponds to a concentration of 347 ml/m3 (1736 mg/m3) after toxicokinetic conversion (respiratory 
volume of 0.8 l/min/kg body weight, daily exposure for 6 hours, experimentally determined oral absorption of 100% 
and assumed inhalation absorption of 100%). The concentration calculated from the LOAEL for oral exposure is close 
to the NOAEC for inhalation exposure of 216 ml/m3 that was obtained from the findings of the 13-week study. A MAK 
value that is derived from this study is regarded as the worst case because of the bolus effect associated with the oral 
administration of the substance by gavage. The MAK value has therefore been derived based on the findings of the 
inhalation study, which is more relevant for exposure at the workplace.

After extrapolating the data to chronic exposure conditions (1:2), extrapolating the findings from an animal study (1:2) 
and taking into consideration the increased respiratory volume at the workplace (1:2 because it is a systemic effect), the 
NOAEC for inhalation exposure of 216 ml/m3 corresponds to a concentration of 27 ml/m3. A MAK value of 20 ml/m3

would then be obtained by applying the preferred value approach. In the following, the longer half-life of the toxic 
metabolite methoxyacetic acid in the blood of humans (77 hours) relative to its half-life in the blood of rats (12 hours) 
(see Section 3.1; Aasmoe and Aarbakke 1997; Groeseneken et al. 1989; Hartwig 2009 a) is taken into consideration as 
an additional parameter.

According to the allometric scaling principle, rats generally metabolize and excrete substances four times faster per kg 
body weight than humans. Therefore, the equipotent dose for humans is only 1/4 the dose given to rats. This is expressed 
by a half-life in humans that is four times longer than that in rats. Even though a rat at rest absorbs four times more 
substance per kg body weight by inhalation than a human at rest, this is compensated for by metabolic and excretory 
processes in rats that are four times faster than those in humans. Therefore, if exposed to the same concentration in air at 
the same level of absorption, the body burden per kg body weight will be the same for humans at rest and for rats at rest 
(see Hartwig and MAK Commission 2017). As a result, the differences in the half-lives in rats and humans are generally 
compensated for by applying a factor of 4. However, the toxic metabolite methoxyacetic acid has a half-life of 77 hours 
in the blood of humans, which is considerably longer than its half-life of 12 hours in the blood of rats. This results in a 
half-life ratio of 6.4. The corrected half-life ratio is applied to convert the concentration of 27 ml/m3 to a concentration 
of 17 ml/m3 (27 ml/m3 × 4/6.4). A MAK value of 10 ml/m3 (50 mg/m3) is set using the preferred value approach.

This value also approximately reflects the ratio of toxicity to diethylene glycol dimethyl ether (see Section 5.2.2), which 
produces about five times the amount of the critical metabolite methoxyacetic acid that is responsible for the toxic effects 
on the testes. The MAK value for diethylene glycol dimethyl ether has been set at 1 ml/m3 (5.6 mg/m3) in analogy to 
that for 2-methoxyethanol (Hartwig 2009 a) and its metabolite methoxyacetic acid (Hartwig 2009 b, available in German 
only) because data for longer periods of exposure are not available (Hartwig and MAK Commission 2023).

Peak limitation.  The substance has been classified in Peak Limitation Category II because the critical effect is a 
systemic effect. As the critical metabolite methoxyacetic acid has a long half-life (see above and Section 3.1), peak 
exposure has been limited by an excursion factor of 8.

Prenatal toxicity.  In prenatal developmental toxicity studies, diethylene glycol monomethyl ether caused develop
mental toxicity, and particularly teratogenicity, after gavage administration in rats (Hardin et al. 1986; Yamano et al.
1993). At doses of 600 mg/kg body weight and day and above, the foetuses had reduced body weights, reduced ossifi
cation of the sternebrae and vertebrae in addition to visceral variations (residual thymic tissue in the neck, dilated renal 
pelvis) without concurrent maternal toxicity (Yamano et al. 1993). The incidence of skeletal variations, malformations of 
the vertebrae and ribs, and visceral variations and malformations, particularly of the cardiovascular system, increased 
with the dose (Hardin et al. 1986; Yamano et al. 1993). An oral NOAEL for developmental toxicity of 200 mg/kg body 
weight and day and an oral NOAEL for maternal toxicity of 600 mg/kg body weight and day were derived for rats 
(Yamano et al. 1993). In a prenatal developmental toxicity study with occlusive dermal application of diethylene glycol 
monomethyl ether to rabbits, the foetuses exhibited an increased incidence of skeletal variations in the cervical vertebrae 
and delayed ossification of the hyoid bone at doses of 250 mg/kg body weight and day and above without concurrent 
maternal toxicity. Malformations were not observed up to the highest dose tested of 750 mg/kg body weight and day. 
The dermal NOAEL for developmental toxicity in rabbits was therefore 50 mg/kg body weight and day (Dow Chemical
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1984 b; Scortichini et al. 1986). The kinds of malformations that were induced by diethylene glycol monomethyl ether are 
similar to those induced by methoxyacetic acid. The metabolite methoxyacetic acid is therefore assumed to be respon
sible for these effects (ECETOC 2005).

The following toxicokinetic data are taken into consideration for the extrapolation of the NOAELs for prenatal develop
mental toxicity of 200 mg/kg body weight and day (oral, rat) and 50 mg/kg body weight and day (dermal, rabbit) to 
a concentration in workplace air: the corresponding species-specific correction values for the rat and rabbit (1:4 and 
1:2.4, respectively), the experimentally determined oral and assumed dermal absorption (100%), the body weight (70 kg) 
and the respiratory volume (10 m3) of the person and the assumed 100% absorption by inhalation. The concentrations 
calculated from this are 350 mg/m3 and 146 mg/m3, respectively. As these concentrations are only 7 and 3 times the MAK 
value of 10 ml/m3 (50 mg/m3), respectively, the margins between these values and the MAK value are not sufficiently 
large to justify classification in Pregnancy Risk Group C.

Diethylene glycol monomethyl ether causes developmental toxicity without inducing maternal toxicity. Developmental 
toxicity is therefore the main effect. For this reason, diethylene glycol monomethyl ether has been classified in Pregnancy 
Risk Group B.

The metabolites 2-methoxyethanol (Hartwig 2009 a) and methoxyacetic acid (Hartwig 2009 b) are likewise classified 
in Pregnancy Risk Group B.

Carcinogenicity and germ cell mutagenicity.  Diethylene glycol monomethyl ether did not cause mutagenic effects 
in bacteria in three studies and did not induce chromosomal aberrations in V79 cells in another study; these were all 
valid studies that were carried out in conformity with the test guidelines. There are no studies of genotoxicity in vivo or 
carcinogenicity. The structure of the substance does not give reason to expect such effects. For this reason, diethylene 
glycol monomethyl ether has not been classified in one of the categories for carcinogens or germ cell mutagens.

Absorption through the skin.  On the basis of the findings of an in vitro study (Section 3.1), the maximum amount 
dermally absorbed by humans has been estimated to be 412 mg after exposure to a saturated aqueous solution under 
standard conditions (2000 cm2 of skin, exposure for 1 hour). After extrapolation to humans, the systemic NOAEC was 
17 ml/m3 (85 mg/m3) (see Section “MAK value”). At a respiratory volume of 10 m3 and inhalation absorption of 100%, 
this is equivalent to a systemically tolerable amount of 850 mg. The amount absorbed through the skin is therefore more 
than 25% of the systemically tolerable amount and the substance has been designated with an “H” (for substances which 
can be absorbed through the skin in toxicologically relevant amounts).

Sensitization.  There is no evidence of sensitization in humans or positive findings from animal studies. Therefore, 
diethylene glycol monomethyl ether has not been designated with “Sh” (for substances which cause sensitization of the 
skin). There are no data for sensitizing effects on the respiratory tract. As a result, the substance has not been designated 
with “Sa” (for substances which cause sensitization of the airways).

Notes

Competing interests
The established rules and measures of the Commission to avoid conflicts of interest (https://www.dfg.de/mak/
conflicts_interest) ensure that the content and conclusions of the publication are strictly science-based.

The views expressed in these publications are those of the individual authors acting in their personal capacity as experts 
and do not represent the positions of their respective institutions or employers.

The MAK Collection for Occupational Health and Safety 2026, Vol 11, No 1 19

https://www.dfg.de/mak/conflicts_interest
https://www.dfg.de/mak/conflicts_interest


MAK Value Documentations – Diethylene glycol monomethyl ether

References
Aasmoe L, Aarbakke J (1997) Gender difference in the elimination of 2-methoxyethanol, methoxyacetic acid and ethoxyacetic acid in rat. Xenobiotica 

27(12): 1237–1244. https://doi.org/10.1080/004982597239822

BfR (Bundesinstitut für Risikobewertung) (2020) DevTox: a resource for developmental toxicology. https://www.devtox.org/nomenclature/
ml_organ.php?lan=en, accessed 16 Sep 2020

Cheever KL, Richards DE, Weigel WW, Lal JB, Dinsmore AM, Daniel FB (1988) Metabolism of bis(2-methoxyethyl) ether in the 
adult male rat: evaluation of the principal metabolite as a testicular toxicant. Toxicol Appl Pharmacol 94(1): 150–159. https://
doi.org/10.1016/0041-008x(88)90345-6

Choi H, Schmidbauer N, Sundell J, Hasselgren M, Spengler J, Bornehag C-G (2010) Common household chemicals and the allergy risks in pre-school 
age children. PLoS One 5(10): e13423. https://doi.org/10.1371/journal.pone.0013423

Doe JE (1984) Further studies on the toxicology of the glycol ethers with emphasis on rapid screening and hazard assessment. Environ Health Perspect 
57: 199–206

Dow Chemical (1984 a) Diethylene glycol monomethyl ether (DEGME): 13-week vapor inhalation study in rats. NTIS/OTS0520311. Alexandria, VA: 
NTIS. https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0520311.xhtml, accessed 12 Jul 2022

Dow Chemical (1984 b) Diethylene glycol monomethyl ether (DEGME): dermal teratology study in rabbits (final report) with attachments, cover 
sheets and letter dated 060689. NTIS/OTS0520396. Alexandria, VA: NTIS. https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/
OTS0520396.xhtml, accessed 12 Jul 2022

Dugard PH, Walker M, Mawdsley SJ, Scott RC (1984) Absorption of some glycol ethers through human skin in vitro. Environ Health Perspect 57: 
193–197

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals) (2005) The toxicology of glycol ethers and its relevance to man (fourth 
edition). Volume I. Technical Report No. 95. Brussels: ECETOC. http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-095-Vol-
I.pdf, accessed 09 Jan 2019

ECHA (European Chemicals Agency) (2019) CLH-Report – Proposal for Harmonised Classification and Labelling. 2-(2-Methoxyethoxy)ethanol; 
diethylene glycol monomethyl ether. Version number: 2.0, Date: 2019-04-04. Helsinki: ECHA. https://echa.europa.eu/
documents/10162/595e2b2e-dd67-5a6d-cf70-68d46ef21960, accessed 24 May 2020

ECHA (European Chemicals Agency) (2020) 2-(2-Methoxyethoxy)ethanol (CAS Number 111-77-3). Registration dossier. Joint submission, first 
publication 04 Mar 2011, last modification 04 Dec 2020. https://echa.europa.eu/de/registration-dossier/-/registered-dossier/14383/1/1, 
accessed 26 Apr 2022

EU (European Union) (2000) European Union Risk Assessment Report. 2-(2-Methoxyethoxy)ethanol. CAS No. 111-77-3, EINECS No. 203-906-6. 
Luxembourg: EU. https://echa.europa.eu/documents/10162/6d525882-1aae-407f-a17a-e182fd94a6da, accessed 26 Nov 2020

Groeseneken D, Veulemans H, Masschelein R, Van Vlem E (1989) Experimental human exposure to ethylene glycol monomethyl ether. Int Arch 
Occup Environ Health 61(4): 243–247. https://doi.org/10.1007/BF00381421

Hardin BD, Goad PT, Burg JR (1986) Developmental toxicity of diethylene glycol monomethyl ether (diEGME). Fundam Appl Toxicol 6(3): 430–439.
https://doi.org/10.1016/0272-0590(86)90216-2

Hartwig A, editor (2009 a) 2-Methoxyethanol. In: Gesundheitsschädliche Arbeitsstoffe, Toxikologisch-arbeitsmedizinische Begründung von MAK-
Werten. 47th issue. Weinheim: Wiley-VCH. Also available from https://doi.org/10.1002/3527600418.mb10986d0047

Hartwig A, editor (2009 b) Methoxyessigsäure. In: Gesundheitsschädliche Arbeitsstoffe, Toxikologisch-arbeitsmedizinische Begründung von MAK-
Werten. 47th issue. Weinheim: Wiley-VCH. Also available from https://doi.org/10.1002/3527600418.mb62545d0047

Hartwig A, MAK Commission (2017) Increased respiratory volume at the workplace – Significance for the derivation of the MAK value. MAK Value 
Documentation, 2017. MAK Collect Occup Health Saf 2(2): 277–283. https://doi.org/10.1002/3527600418.mbrespivole6217

Hartwig A, MAK Commission (2023) Diethylene glycol dimethyl ether. MAK Value Documentation, supplement – Translation of the German version 
from 2021. MAK Collect Occup Health Saf 8(4): Doc078. https://doi.org/10.34865/mb11196e8_4ad

Health Council of the Netherlands (2017) 2-(2-Methoxyethoxy)ethanol (DEGME). Evaluation of the effects on reproduction, recommendation 
for classification. No. 2017/21. The Hague: Health Council of the Netherlands. https://www.healthcouncil.nl/site/binaries/site-content/
collections/documents/2017/11/21/2-2-methoxyethoxyethanol-degme/201721_degme_eng.pdf, accessed 17 Nov 2025

Hobson DW, D’Addario AP, Bruner RH, Uddin DE (1986) A subchronic dermal exposure study of diethylene glycol monomethyl ether and ethylene 
glycol monomethyl ether in the male guinea pig. Fundam Appl Toxicol 6(2): 339–348. https://doi.org/10.1016/0272-0590(86)90249-6

Karaman Mİ, Gürdal M, Öztürk M, Kanberoğlu H (2002) Maternal exposure to diethylene glycol monomethyl ether: a possible role in the etiology of 
retrocaval ureter. J Pediatr Surg 37(8): 1–2. https://doi.org/10.1053/jpsu.2002.34500

Kassotis CD, Tillitt DE, Davis JW, Hormann AM, Nagel SC (2014) Estrogen and androgen receptor activities of hydraulic fracturing chemicals and 
surface and ground water in a drilling-dense region. Endocrinology 155(3): 897–907. https://doi.org/10.1210/en.2013-1697

Kassotis CD, Klemp KC, Vu DC, Lin C-H, Meng C-X, Besch-Williford CL, Pinatti L, Zoeller RT, Drobnis EZ, Balise VD, Isiguzo CJ, Williams MA, 
Tillitt  DE, Nagel SC (2015) Endocrine-disrupting activity of hydraulic fracturing chemicals and adverse health outcomes after prenatal 
exposure in male mice. Endocrinology 156(12): 4458–4473. https://doi.org/10.1210/en.2015-1375

The MAK Collection for Occupational Health and Safety 2026, Vol 11, No 1 20

https://doi.org/10.1080/004982597239822
https://www.devtox.org/nomenclature/ml_organ.php?lan=en
https://www.devtox.org/nomenclature/ml_organ.php?lan=en
https://doi.org/10.1016/0041-008x(88)90345-6
https://doi.org/10.1016/0041-008x(88)90345-6
https://doi.org/10.1371/journal.pone.0013423
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0520311.xhtml
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0520396.xhtml
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0520396.xhtml
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-095-Vol-I.pdf
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-095-Vol-I.pdf
https://echa.europa.eu/documents/10162/595e2b2e-dd67-5a6d-cf70-68d46ef21960
https://echa.europa.eu/documents/10162/595e2b2e-dd67-5a6d-cf70-68d46ef21960
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/14383/1/1
https://echa.europa.eu/documents/10162/6d525882-1aae-407f-a17a-e182fd94a6da
https://doi.org/10.1007/BF00381421
https://doi.org/10.1016/0272-0590(86)90216-2
https://doi.org/10.1002/3527600418.mb10986d0047
https://doi.org/10.1002/3527600418.mb62545d0047
https://doi.org/10.1002/3527600418.mbrespivole6217
https://doi.org/10.34865/mb11196e8_4ad
https://www.healthcouncil.nl/site/binaries/site-content/collections/documents/2017/11/21/2-2-methoxyethoxyethanol-degme/201721_degme_eng.pdf
https://www.healthcouncil.nl/site/binaries/site-content/collections/documents/2017/11/21/2-2-methoxyethoxyethanol-degme/201721_degme_eng.pdf
https://doi.org/10.1016/0272-0590(86)90249-6
https://doi.org/10.1053/jpsu.2002.34500
https://doi.org/10.1210/en.2013-1697
https://doi.org/10.1210/en.2015-1375


MAK Value Documentations – Diethylene glycol monomethyl ether

Kawamoto T, Matsuno K, Kayama F, Hirai M, Arashidani K, Yoshikawa M, Kodama Y (1990 a) Acute oral toxicity of ethylene glycol monomethyl 
ether and diethylene glycol monomethyl ether. Bull Environ Contam Toxicol 44(4): 602–608. https://doi.org/10.1007/BF01700883

Kawamoto T, Matsuno K, Kayama F, Hirai M, Arashidani K, Yoshikawa M, Kodama Y (1990  b) Effect of ethylene glycol 
monomethyl ether and diethylene glycol monomethyl ether on hepatic metabolizing enzymes. Toxicology 62(3): 265–274. https://
doi.org/10.1016/0300-483x(90)90050-q

Kawamoto T, Matsuno K, Kayama F, Arashidani K, Yoshikawa M, Kodama Y (1992) The effect of ethylene glycol monomethyl ether and diethylene 
glycol monomethyl ether on hepatic γ-glutamyl transpeptidase. Toxicology 76(1): 49–57. https://doi.org/10.1016/0300-483x(92)90017-9

Kelsey JR, Cnubben NHP, Bogaards JJP, Braakman RBH, van Stee LLP, Smet K (2020) The urinary metabolic profile of diethylene glycol methyl ether 
and triethylene glycol methyl ether in Sprague-Dawley rats and the role of the metabolite methoxyacetic acid in their toxicity. Regul Toxicol 
Pharmacol 110: 104512. https://doi.org/10.1016/j.yrtph.2019.104512

McDougal JN, Pollard DL, Weisman W, Garrett CM, Miller TE (2000) Assessment of skin absorption and penetration of JP-8 jet fuel and its components. 
Toxicol Sci 55(2): 247–255. https://doi.org/10.1093/toxsci/55.2.247

Miller RR, Eisenbrandt DL, Gushow TS, Weiss SK (1985) Diethylene glycol monomethyl ether 13-week vapor inhalation toxicity study in rats. Fundam 
Appl Toxicol 5(6, Part 1): 1174–1179. https://doi.org/10.1016/0272-0590(85)90154-X

Nelson BK, Vorhees CV, Scott WJ Jr, Hastings L (1989) Effects of 2-methoxyethanol on fetal development, postnatal behavior, and embryonic 
intracellular pH of rats. Neurotoxicol Teratol 11(3): 273–284. https://doi.org/10.1016/0892-0362(89)90070-6

NIOSH (The National Institute for Occupational Safety and Health) (1984) Results of testing fifteen glycol ethers in a short-term in vivo reproductive 
toxicity assay with cover letter dated 031284. NTIS/OTS0512411. Alexandria, VA: NTIS. https://ntrl.ntis.gov/NTRL/dashboard/searchResults/
titleDetail/OTS0512411.xhtml, accessed 12 Jul 2022

No author (2015) Corrigendum. Endocrinology 156(11): 4374. https://doi.org/10.1210/en.2015-1832

NTP (National Toxicology Program) (2018) Genetic toxicity evaluation of diethylene glycol monomethyl ether (111-77-3), Salmonella/E.coli 
mutagenicity test or Ames test. Study number 776398. Research Triangle Park, NC: NTP. https://cebs.niehs.nih.gov/cebs/get_file/
accno/12099_15506/file/776398_G06_Ames_Summary_Data.pdf, accessed 26 Nov 2020

Opdyke DLJ (1974) Monographs on fragrance raw materials: diethylene glycol monomethyl ether. Food Cosmet Toxicol 12 (4): 519

Pastushenko TV, Golka NV, Kondratiuk VA, la Pereĭma V (1985) [Skin-irritating and sensitizing action of diethylene glycol monethyl ether]. Gig 
Sanit (10): 80–81

Ritter EJ, Scott WJ Jr, Randall JL, Ritter JM (1985) Teratogenicity of dimethoxyethyl phthalate and its metabolites methoxyethanol and methoxyacetic 
acid in the rat. Teratology 32(1): 25–31. https://doi.org/10.1002/tera.1420320105

Schuler RL, Hardin BD, Niemeier RW, Booth G, Hazelden K, Piccirillo V, Smith K (1984) Results of testing fifteen glycol ethers in a short-term in vivo 
reproductive toxicity assay. Environ Health Perspect 57: 141–146

SCOEL (Scientific Committee on Occupational Exposure Limits) (2001) Recommendation from  the  Scientific  Committee  on Occupational 
Exposure Limits for aerosols of 2-(2-methoxyethoxy)ethanol. SCOEL/SUM/99. Brussels: European  Commission. https://echa.europa.eu/
documents/10162/35144386/079_2_2-methoxyethoxy_ethanol_oel_en.pdf/dd421ef1-25fe-63fb-defa-db67b560d659?t=1691407239548, 
accessed 17 Nov 2025

Scofield EH, Henderson WM, Funk AB, Anderson GL, Smith MA (2006) Diethylene glycol monomethyl ether, ethylene glycol monomethyl 
ether and the metabolite, 2-methoxyacetic acid affect in vitro chondrogenesis. Reprod Toxicol 22(4): 718–724. https://doi.org/10.1016/
j.reprotox.2006.05.005

Scortichini BH, John-Greene JA, Quast JF, Rao KS (1986) Teratologic evaluation of dermally applied diethylene glycol monomethyl ether in rabbits. 
Fundam Appl Toxicol 7(1): 68–75. https://doi.org/10.1016/0272-0590(86)90198-3

The Eastman Kodak Laboratory of Industrial Medicine (1982) Comparative toxicity of nine glycol ethers: III. Six week repeated dose study. TX-82-06, 
15 Mar 1982, Rochester, NY: Eastman Kodak Company, unpublished

US EPA (US Environmental Protection Agency) (2020) CompTox Chemicals Dashboard. Diethylene glycol monomethyl ether (CAS Number 
111-77-3). Bioactivity – ToxCast: Models. https://comptox.epa.gov/dashboard/chemical/bioactivity-toxcast-models/DTXSID3025049, 
accessed 14 Sep 2020

Yamano T, Noda T, Shimizu M, Morita S, Nagahama M (1993) Effects of diethylene glycol monomethyl ether on pregnancy and postnatal development 
in rats. Arch Environ Contam Toxicol 24(2): 228–235. https://doi.org/10.1007/BF01141352

The MAK Collection for Occupational Health and Safety 2026, Vol 11, No 1 21

https://doi.org/10.1007/BF01700883
https://doi.org/10.1016/0300-483x(90)90050-q
https://doi.org/10.1016/0300-483x(90)90050-q
https://doi.org/10.1016/0300-483x(92)90017-9
https://doi.org/10.1016/j.yrtph.2019.104512
https://doi.org/10.1093/toxsci/55.2.247
https://doi.org/10.1016/0272-0590(85)90154-X
https://doi.org/10.1016/0892-0362(89)90070-6
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0512411.xhtml
https://ntrl.ntis.gov/NTRL/dashboard/searchResults/titleDetail/OTS0512411.xhtml
https://doi.org/10.1210/en.2015-1832
https://cebs.niehs.nih.gov/cebs/get_file/accno/12099_15506/file/776398_G06_Ames_Summary_Data.pdf
https://cebs.niehs.nih.gov/cebs/get_file/accno/12099_15506/file/776398_G06_Ames_Summary_Data.pdf
https://doi.org/10.1002/tera.1420320105
https://echa.europa.eu/documents/10162/35144386/079_2_2-methoxyethoxy_ethanol_oel_en.pdf/dd421ef1-25fe-63fb-defa-db67b560d659?t=1691407239548
https://echa.europa.eu/documents/10162/35144386/079_2_2-methoxyethoxy_ethanol_oel_en.pdf/dd421ef1-25fe-63fb-defa-db67b560d659?t=1691407239548
https://doi.org/10.1016/j.reprotox.2006.05.005
https://doi.org/10.1016/j.reprotox.2006.05.005
https://doi.org/10.1016/0272-0590(86)90198-3
https://comptox.epa.gov/dashboard/chemical/bioactivity-toxcast-models/DTXSID3025049
https://doi.org/10.1007/BF01141352

	Metadata
	Title
	Contributors
	email
	Keywords
	Citation Note
	DOI
	Manuscript completed
	Publication date
	License

	Abstract
	Substance information
	1 Toxic Effects and Mode of Action
	2 Mechanism of Action
	3 Toxicokinetics and Metabolism
	3.1 Absorption, distribution, elimination
	3.2 Metabolism

	4 Effects in Humans
	Allergenic effects
	Sensitizing effects on the airways
	Reproductive and developmental toxicity

	5 Animal Experiments and in vitro Studies
	5.1 Acute toxicity
	5.1.1 Inhalation
	5.1.2 Oral administration
	5.1.3 Dermal application

	5.2 Subacute, subchronic and chronic toxicity
	5.2.1 Inhalation
	5.2.2 Oral administration
	5.2.3 Dermal application

	5.3 Local effects on skin and mucous membranes
	5.3.1 Skin
	5.3.2 Eyes

	5.4 Allergenic effects
	5.4.1 Sensitizing effects on the skin
	5.4.2 Sensitizing effects on the airways

	5.5 Reproductive and developmental toxicity
	5.5.1 Fertility
	5.5.2 Developmental toxicity

	5.6 Genotoxicity
	5.6.1 In vitro
	5.6.2 In vivo

	5.7 Carcinogenicity

	6 Manifesto (MAK value/classification)
	Notes
	Competing interests

	References

