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Addendum to 2-Butoxyethanol 
(Ethylene glycol monobutyl ether)

BAT Value Documentation
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Abstract
In 2015 the German Commission for the Investigation of Health Hazards of Chemical Compounds in the 
Work Area has re-evaluated the biological tolerance value at the work place (BAT value) for 2-butoxyethanol 
(ethylene glycol monobutyl ether) [CAS No. 111-76-2], considering butoxyacetic acid in urine to characterise 
the internal exposure. The main systemic adverse effects of 2-butoxyethanol are on the haematopoietic system 
(haemolytic effects), followed by possible teratogenic and testicular effects. 2-Butoxyethanol was classified in 
category 4 for carcinogenic substances, which enables the evaluation of a health based exposure limit. It can 
easily pass through the skin, so biological monitoring is necessary for a valid individual risk assessment. A con-
siderable part of the absorbed 2-butoxyethanol is excreted in form of the glutamine conjugate of butoxyacetic 
acid,i.e. N-butoxyacetyl glutamine. The relative amount of this conjugate in the total excretion of butoxyacetic 
acid varied considerably intra- and inter-individually depending on the exposure levels and possibly on en-
zyme polymorphisms. On average half of the total butoxyacetic acid is excreted in the form of the glutamine 
conjugate (factor 2). Various studies indicate that at high exposure levels the capacity of the conjugate reaction 
is exceeded and lower conjugated amounts appear. Due to the high variability of conjugated amounts of the 
butoxyacetic acid and the limitation of conjugated amounts at high exposure levels the previous BAT value 
for free 2-butoxyacetic acid is converted with a factor of 1.5 to the total amounts of 2-butoxyacetic acid. Addi-
tionally, the impact of diuresis is considered by the relation to the creatinine concentration. Therefore, a BAT 
value for the total butoxyacetic acid excretion of 150 mg butoxyacetic acid (after hydrolysis)/g creatinine was 
established. Sampling should be performed at the end of exposure and shift, respectively, after several previ-
ous shifts. This BAT value applies also for combined exposure to 2-butoxyethanol and 2-butoxyethylacetate.
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value; toxicity

Author Information
1 	 Institute and Outpatient Clinic of Occupational, Social and Environmental Medicine, Friedrich-Alexander 

University Erlangen-Nürnberg (FAU), Henkestr. 9-11, 91054 Erlangen, Germany
2 	 Institute for Medical Informatics, Biometry and Epidemiology (IMIBE), University of Essen, Hufelandstraße 

55, 45122 Essen, Germany
3 	Chair of the Working Group “Setting of Threshold Limit Values in Biological Materials”, Deutsche For-

schungsgemeinschaft, Institute and Outpatient Clinic of Occupational, Social and Environmental Medicine, 
Friedrich-Alexander University Erlangen-Nürnberg (FAU), Henkestr. 9-11, 91054 Erlangen, Germany

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

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

*	 Email: H. Drexler (hans.drexler@fau.de), A. Hartwig (andrea.hartwig@kit.edu), MAK Commission�  
(arbeitsstoffkommission@dfg.de)

IssueYear: 2018
Volume	 Number: 3
Issue	 No: 4
produktionstitel: BAT Value Documentations
<kurztitel>: 2-Butoxyethanol 

mailto:hans.drexler@fau.de
mailto:andrea.hartwig@kit.edu
mailto:arbeitsstoffkommission@dfg.de


2042

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

IssueYear: 2017
Volume	 Number: 2
Issue	 No: 2
produktionstitel: BAT Value Documentations
<kurztitel>: Addendum to Methyl bromide 

Addendum to 2-Butoxyethanol 
(Ethylene glycol monobutyl ether)

BAT (2015) 150 mg butoxyacetic acid (after hy-
drolysis)/g creatinine

Sampling time: end of exposure or end 
of shift; for long-term exposures: after 
several shifts

MAK value (2006) 10 ml/m3 (ppm) ≙ 49 mg/m3* 

Absorption through the skin (1980) H

Carcinogenicity (2006) Carcinogen Category 4
* MAK value for the sum of the air concentrations of ethylene glycol monobutyl ether and 
ethylene glycol monobutyl ether acetate

10    �Re-evaluation of the BAT value (Biological Tolerance 
Value)

In 2008, in addition to the existing BAT value of 100 mg free butoxyacetic 
acid/l  urine, a further BAT value of 200 mg butoxyacetic acid (after hydroly-
sis)/l urine was established. As the MAK value was derived on the basis of the ir-
ritant effects of the substance (Greim 2007 a, b, translated), the BAT values were 
derived based on systemic effects (haemolysis). Since then, further studies on the 
toxicokinetics of these substances have been published which make a re-evaluation 
of the BAT value for ethylene glycol monobutyl ether (EGBE) and ethylene glycol 
monobutyl ether acetate (EGBEA) necessary.

10.1    Metabolism and toxicokinetics

As shown in the BAT Documentations of 1996 and 2009, EGBE and EGBEA are very 
readily absorbed both via the airways and through the skin (see BAT Documenta-
tions 1996, translated; 2009, translated).

Most of the EGBE absorbed by the human organism is metabolically oxidized to 
butoxyacetic acid (BAA), which is excreted with the urine either in free form or 
as glutamine conjugate (N-butoxyacetyl glutamine) and, in small quantities, also 
as glycine conjugate (see BAT Documentations 1996, translated; 2009, translated; 
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Wodarz and Rettenmeier 1991). The data given for the proportion of BAA excreted 
in conjugated form in relation to total excretion vary between 0% and 100% (Jones 
and Cocker 2003; Kezic et al. 2004). Rettenmeier et al. (1993) analyzed the excre-
tion of BAA in the urine of 6  workers processing lacquers containing EGMBE. 
The fraction of conjugates was 16% to 64% with total BAA excretion ranging from 
33 to 925 mg/l. In the worker with the by far highest exposure the lowest rate of 
conjugate was found (16% vs 48%–64%).

Doerfler et al. (1996) investigated the renal BAA excretion of 25 persons exposed 
to EGBE during the manufacture of lacquers and paints. The total excretion of BAA 
was in the range of 8 to 205 mg/g creatinine and the fraction of conjugates in these 
samples ranged between 5% and 94%. Regression analysis revealed a significant in-
verse relationship between total excretion of BAA and the fraction of conjugates, 
i.e. the higher the total amount of BAA, the lower is the fraction of conjugated BAA. 
This suggests that the fraction of conjugates is dependent on the exposure level.

Corley et al. (1997) investigated the toxicokinetics of glycol ether in volunteers of 
whom one arm each was exposed in a gas atmosphere to 13C-labelled EGMBE at 
a concentration of 50 ml/m3 for 2 hours. During the first 12 hours the fraction of 
conjugates in urine was between 54.4% and 74.1% with a total excretion of BAA in 
the range from 2.55 to 3.60 mg/g creatinine.

Jones and Cocker (2003) examined the urinary BAA excretion of 48 workers in 
the screen printing industry. Here too, there was an extremely wide variation in 
the conjugate fraction (0%–100%) with total excretions of BAA up to maximum 
200 mg/g creatinine (see Jones and Cocker 2003, Figure 3). However, the data of 
Jones and Cocker did not show a clear relationship between the rate of conjugate 
formation and the total BAA excretion.

Kezic et al. (2004) analyzed the BAA excretion of volunteers exposed either by 
inhalation to 19 ml EGBE/m3 for 30 minutes or dermally on an area of 40 cm2 to 
an aqueous solution of 50% EGBE for 4 hours. They investigated both the course 
of total BAA excretion and that of the conjugate proportion up to 48  hours af-
ter the exposure. Directly after the exposure the total excretion of BAA was 
15.1 ± 4.9 mg/g creatinine (inhalation experiment) and 300 ± 70 mg/g creatinine 
(dermal exposure), which then declined with half-lives of 3.4  and  5.1  hours, re-
spectively. In both experiments the proportion of conjugate in the total excretion 
of BAA increased steadily after the end of exposure. Immediately after the dermal 
exposure the conjugate fraction was 45% ± 30% and increased up to 92% ± 2%. In 
the inhalation experiment, the conjugate fraction showed a similar course.

Šperlingová et  al. (2010) reported on the development of a reference material 
for the quality control of BAA determination in urine. In their investigations they 
also analyzed 4  urine samples of workers exposed to EGBE. The conjugate frac-
tion ranged between 39% and 98% with a total excretion of BAA in the range of 
257 to 345 mg/l.
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10.2    Exposure and effects

Most of the studies on the relationship between external and internal exposure have 
already been presented in the BAT Documentations of 1996 and 2009. Hung et al. 
(2011) reported on a new study on the biomonitoring of 80 workers employed in 
bicycle manufacturing partly exposed to EGMBE. On the first and fifth day of the 
working week both the air exposure and the excretion of BAA in urine after hy-
drolysis were investigated. The workers examined consisted of a higher exposed 
group (n = 31), a lower exposed group (n = 25) and a control group without di-
rect contact with EGBE (n = 24). The concentration levels of EGBE at the work-
place were 1.89 ± 0.25 ml/m3 (first day) and 1.57 ± 0.21 ml/m3 (fifth day) for the 
higher exposed workers and the EGBE concentration levels for the lower exposed 
group were in the range of 0.07 to 1.07 ml/m3. Before the first shift the BAA ex-
cretion levels of the higher and lower exposed groups were 88.1 ± 15.6 mg/g cre-
atinine and 20.1  ±  6.5 mg/g  creatinine, after the first shift the values were 
446.8 ± 84.5 mg/g creatinine and 43.9 ± 16.7 mg/g creatinine, respectively. Before 
the fifth day of the working week BAA excretion levels of 161 ± 30.3 mg/g creatinine 
and 26.3 ± 9.8 mg/g creatinine were measured, after the shift on that day the values 
were 619.4 ± 137.7 mg/g creatinine and 60.8 ± 32.6 mg/g creatinine, respectively.

10.3    Selection of the indicators

Because of its high sensitivity and elimination behaviour the analysis of BAA con-
centrations in urine is the best parameter for the determination of occupational 
exposures to EGBE and EGBEA (see BAT Documentations 1996, translated; 2009, 
translated). In the studies available to date either only the free BAA or only the 
total concentration of free and conjugated BAA were determined. Because of the 
great variation in the fraction of conjugates these analytical data are not compara-
ble. Therefore, as was done for other biological exposure parameters as well, deter-
mination and evaluation of the total urinary excretion of BAA after hydrolysis is 
recommended.

10.4    Methods

For the determination of the total urinary BAA excretion, the urine has first to 
be subjected to hydrochloric hydrolysis. The urine volume used for the analysis 
is mixed with concentrated hydrochloric acid and heated for one hour to boiling 
(Sakai et al. 1994). Under these conditions the glutamine conjugate is transformed 
into free BAA.

Several tested methods for the determination of BAA in urine have been made 
available by the working group “Analyses in Biological Materials” (Angerer et al. 1994, 
translated; Göen et al. 2006, translated).
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10.5    Background exposure

Fromme et al. (2013) investigated the excretion of the metabolites of various glycol 
ethers in the urine of 44 persons in Germany occupationally not exposed to these 
substances. BAA was detected in 52% of these samples. The median and the 95th per-
centile of the free BAA concentrations were 0.01 and 0.12 mg/l, respectively. Similar 
results were reported by other working groups (see Fromme et al. 2013). Thus, the 
BAA excretion in the general population is clearly below the occupational assessment 
value as well as the urinary BAA levels of occupationally exposed persons.

10.6    Evaluation of the BAT value

As already described in the BAT Documentation of 2009, the MAK value for EGBE 
from 2006 was based on irritation of the mucous membranes observed in the ani-
mal experiment. The BAT value is therefore not derived from the MAK value but 
takes into account systemic effects, especially haemolysis. Since the last BAT Doc-
umentation of 2009 no new data have been published which would make a review 
of the toxicological evaluation necessary. In the BAT Documentation from 2009 
the systemic no observed adverse effect level (NOAEL) of 25 ml EGBE/m3 is re-
lated to a urinary excretion of 100 mg BAA/L. Since the last Documentation only 
one new occupational-medical field study by Hung et al. (2011) has been pulished 
which presented BAA excretion levels and EGBE air levels. However, this study 
was not included in this evaluation due to very low EGBE exposure. As the BAA is 
excreted in the urine in large, though greatly varying portions, in conjugated form, 
the BAT value to be established includes total excretion after hydrolysis. The few 
occupational-medical and experimental studies in which the total excretion of BAA 
was determined, however, do not permit the derivation of a BAT value. Therefore, a 
conversion from the correlate of free BAA is made. The studies in which the conju-
gate fraction of the total amount of BAA excreted in urine was detemined revealed 
a considerably wide variation of the conjugate fraction which is due to the exposure 
level and possibly also to different individual enzyme patterns. On average about 
half of the total BAA excretion is as conjugate (factor 2). However, several studies 
indicate that with higher exposure levels the capacity of the conjugate reaction will 
be exceeded and lower conjugate proportions will be the result (Doerfler et al. 1996; 
Rettenmeier et al. 1993).

Based on the evidence of a high variability of conjugate formation and due to the 
decrease in the proportion of conjugate with higher exposure levels a conversion 
factor of 1.5 is used for converting the BAT value for free BAA valid to date into a 
BAT value for the total concentration of free and conjugated BAA. Furthermore, 
the influence of diuresis shall be controlled by its relation to creatinine, as in the 
case of methoxyacetic acid.

Therefore, a BAT value of

150 mg butoxyacetic acid (after hydrolysis)/g creatinine

is established.
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Sampling should be at the end of exposure or end of shift; for long-term exposures 
at the end of the shift after several shifts.

This value also applies both for EGBE and EGBEA, because both substances are 
metabolized to BAA.

10.7    Interpretation of results

The BAT value for EGBE relates to normally concentrated urine, in which the creat-
inine concentration should be in the range of 0.3–3 g/l. As a rule, where urine sam-
ples are outside the limits, a repetition of the measurement in normally hydrated 
test persons is recommended (see BAT Documentation 2010, translated).
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