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Abstract
In 2023, the German Senate Commission for the Investigation of Health Hazards of 
Chemical Compounds in the Work Area (MAK Commission) derived an occupation-
al exposure limit value (maximum concentration at the workplace, MAK value) of 
10 ml/m3 (50 mg/m3) for diethylene glycol monomethyl ether [111-77-3]. In this arti-
cle, the data for diethylene glycol monomethyl ether are summarized and evaluated 
to derive a biological tolerance value (BAT value). The toxic effect of diethylene gly-
col monomethyl ether is related to the metabolite methoxyacetic acid and its metabol-
ic precursor 2-methoxyethanol (ethylene glycol monomethyl ether). Therefore, those 
metabolites were considered for the evaluation of the BAT value. The BAT value for 
2-methoxyethanol of 15 mg methoxyacetic acid/g creatinine was derived from the no 
observed adverse effect concentration (NOAEC) for haematotoxicity in humans. The 
NOAEC of testicular toxicity is in the same order of magnitude. Therefore, a BAT value 
of 15 mg methoxyacetic acid/g creatinine was derived for diethylene glycol monomethyl 
ether. Sampling time is at the end of the shift on the last day of the working week after 
at least 2 weeks of exposure.
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BAT value (2023) 15 mg Methoxyacetic acid/g creatinine
Sampling time: at the end of the shift on the last day of the 
working week after at least 2 weeks of exposure

Prenatal toxicity (2023) Pregnancy Risk Group B, prerequisite for Pregnancy Risk Group C: 
2.5 mg methoxyacetic acid/g creatinine

MAK value (2023) 10 ml/m3 ≙ 50 mg/m3

Absorption through the skin (2023) H

Carcinogenicity –

Synonyms DEGME
Diethylene glycol methyl ether
Diglycol monomethyl ether
2-(2-Methoxyethoxy)ethanol
2-(2-Methoxyethoxy)ethan-1-ol
Methyldiglycol

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

The main application of diethylene glycol monomethyl ether is as an antifreeze in aviation fuel. It is also used as a 
chemical intermediate in synthesis, as a solvent in paints and floor polishes, as a component in hydraulic brake fluids, 
in cleaning agents, detergents and disinfectants (EU 2000).

Metabolism
Regarding the internal exposure in the case of occupational exposure to diethylene glycol monomethyl ether, a study 
is available on workers exposed to jet fuel, where diethylene glycol monomethyl ether was used as an anti-icing agent. 
In this study 2-(2-methoxyethoxy)acetic acid was analysed as a metabolite of diethylene glycol monomethyl ether in 
urine (B’Hymer et al. 2012).

In the study by Kelsley et al. (2020), unmetabolised diethylene glycol monomethyl ether (3.4–4.9% of the administered 
dose) and the following metabolites were detected in the urine after gavage doses of 500, 1000 and 2000 mg diethylene 
glycol monomethyl ether/kg body weight in rats (proportion of the administered dose):

• 2-(2-Methoxyethoxy)acetic acid (87–95%)

• Methoxyacetic acid (0.8–1.4%)

• Diethylene glycol (1.6–2.4%)

• Diethylene glycol monomethyl ether glucuronide (0.7–1.0%)

• Diethylene glycol monomethyl ether sulfate (≈0.03%)

• 2-Hydroxyethoxyacetic acid (HEAA) (0.2–0.3%)

• two unknown metabolites (≈0.1%)

Unmetabolised diethylene glycol monomethyl ether and all metabolites except methoxyacetic acid were excreted in the 
urine with an estimated half-life of 3–4 hours after administration. Methoxyacetic acid showed a significantly longer 
elimination half-life, increasing with increasing dose from 14 to 36 hours (Kelsey et al. 2020).

The postulated metabolism of diethylene glycol monomethyl ether in rats is shown in Figure 1 (Kelsey et al. 2020).
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2-(2-hydroxyethoxy)acetic acid; MAA: 2-methoxyacetic acid; MEAA: 2-(2-methoxyethoxy)acetic acid

Fig.  1 Postulated metabolism of diethylene glycol monomethyl ether in rats after administration by gavage (Kelsey et al. 2020; repro-
duced by permission of Elsevier, http://www.elsevier.com)

General mode of action/toxicity
The general mode of action and toxicity are described in detail in the MAK documentation (Hartwig and MAK 
Commission 2024). In animal studies, the acute toxicity of diethylene glycol monomethyl ether was low. Regarding 
chronic toxicity, relative organ weight changes, haematotoxic and fertility-damaging effects are of importance.

The MAK Collection for Occupational Health and Safety 2024, Vol 9, No 1 3

http://www.elsevier.com


Assessment Values in Biological Material – Diethylene glycol monomethyl ether

Analytical methods
The determination of methoxyacetic acid and other alkoxycarboxylic acids in urine by gas chromatography-mass spec-
trometry (GC-MS) has been published as a reliable and tested method by the Commission's Working Group “Analyses 
in Biological Material” (Göen et al. 2006).

Furthermore, the working group has provided a tested method for the determination of propylene and diethylene gly-
col ethers in urine using capillary gas chromatography with flame ionisation detector, with which diethylene glycol 
monomethyl ether can also be analysed (Angerer et al. 2008).

Relationship between external and internal exposure
In a study with 22 floor lacquerers, the relationship between the concentration of 2-(2-alkoxyethoxy)ethanols (includ-
ing diethylene glycol monomethyl ether) in the air and the 2-(2-alkoxyethoxy)acetic acids in urine was investi-
gated. For diethylene glycol monomethyl ether in air in the range of 0.59–0.93  ml/m3, a mean concentration of 
2-(2-methoxyethoxy)acetic acid of 4.9 ± 4.3 mmol/mol creatinine was determined (Laitinen and Pulkkinen 2005). The 
concentration of the metabolite 2-methoxyacetic acid was not analysed.

Evaluation of a BAT value
As the toxic effect of diethylene glycol monomethyl ether is attributed to the metabolite 2-methoxyacetic acid (Hartwig 
and MAK Commission 2024), also 2-methoxyacetic acid and its metabolic precursor 2-methoxyethanol are considered for 
the derivation of the BAT value. Only one study on 2-(2-methoxyethoxy)acetic acid in urine after exposure to diethylene 
glycol monomethyl ether in a kerosene-based fuel is available for the metabolism in humans, so that the proportion 
of 2-methoxyethanol formed from diethylene glycol monomethyl ether in human metabolism is not known. In rats, 
diethylene glycol monomethyl ether is metabolised to 2-methoxyethanol and 2-methoxyacetic acid (0.8–1.4%) after oral 
administration (Kelsey et al. 2020).

The BAT value for 2-methoxyethanol of 15 mg methoxyacetic acid/g creatinine is derived from the NOAEC (no observed 
adverse effect concentration) for haematological effects in humans obtained from occupational health studies (translated 
in Käfferlein et al. 2016). The NOAEC for testicular toxicity of 2-methoxyethanol in humans is in a comparable order 
of magnitude (Hartwig and MAK Commission 2021).

Compliance with this BAT value for 2-methoxyethanol protects against toxic effects caused by exposure to diethylene 
glycol monomethyl ether.

Based on these findings, a

BAT value for diethylene glycol monomethyl ether of 15 mg methoxyacetic acid/g creatinine

is established.

For the metabolite methoxyacetic acid, an elimination half-life of 77 hours is given for humans (calculated from the 
determination of methoxyacetic acid in urine after inhalation exposure to 16 mg 2-methoxyethanol/m3) (Groeseneken 
et al. 1989). Due to the long half-life of methoxyacetic acid, accumulation is to be expected (SCOEL 2006). Sampling 
should therefore be done at the end of the shift on the last day of the working week after at least 2 weeks of exposure.

The developmental toxicity of diethylene glycol monomethyl ether is mediated via methoxyacetic acid. According to 
available data and toxicokinetic calculations, damage to the embryo/foetus is not to be expected up to a urine con-
centration of 2.5 mg methoxyacetic acid/g creatinine. Therefore, Pregnancy Risk Group B applies for the BAT value 
and a urine concentration of 2.5 mg methoxyacetic acid/g creatinine is the prerequisite for Pregnancy Risk Group C 
(Michaelsen et al. 2024).
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Interpretation
The BAT value refers to normally concentrated urine in which the creatinine content should be in the range of 0.3–3 g/l 
(translated in Bader et al. 2016). As a rule, for urine samples outside the above-mentioned limits, it is recommended to 
repeat the measurement in the normally hydrated test person.

Notes
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