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ERR (exposure-risk relationship) for ethylene oxide  

 

1.  ERR  

Tolerable risk (4:1000):   2.36 mg/m³  

Acceptable risk (4:10000 until 2013):   236 µg/m³  

Acceptable risk (4:100000 after 2013; 2018 at the latest):   23.6 µg/m³ 

 

2.  Substance characterization 

Molecular formula: C2H4O 

Structural formula:  

Molecular weight: 44.05 

CAS No.: [75-21-8] 

Melting point:  -112°C 

Boiling point: 10.5°C (1.013 hPa) 

Vapour pressure at 20°C: 1459 mbar 

Water solubility: Fully miscible 

Partition coefficient (log Pow): -0.3 (25°C) 

Conversion factors: 1 ppm  = 2 mg/m³ 
1 mg/m³  = 0.5 ppm 

 

3.  Introduction 

The toxicological profile of ethylene oxide (EO) has been summarized in the MAK 
documentations of the DFG Commission for the Investigation of Health Hazards of 
Chemical Compounds in the Work Area (1984 with 1996 and 2002 supplements). 
Further reviews have been compiled by ECETOC (1982/1984), BUA (1993), IARC 
(2008), Thier and Bolt (2000), the EPA (2006) and the SCOEL (2009). These 
documentations provide detailed information about the very comprehensive data 
available on EO.  

 

4.  Toxicokinetics, metabolism and DNA reactivity 

EO is readily water- and lipid-soluble and readily absorbed by inhalation and 
distributed in the body; its biological half-life in the blood is about 20 to 30 minutes. 
EO can be detoxified to some extent by epoxide hydrolase and glutathione S-
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transferase (GST). EO has an alkylating potential and readily reacts with 
haemoglobin and glutathione as well as with other protein molecules and nucleic 
acids. Because of its good systemic availability, EO may reach the gonads and is 
possibly mutagenic in all somatic cells (see Section 6). 

Enzyme polymorphisms (GSH “non-conjugators” and “conjugators”) were also shown 
to determine the individual SCE rate in lymphocytes (Hallier et al., 1993; Pemble et 
al., 1994; Wiebel et al., 1999; Thier et al., 1999). 

Another aspect of EO metabolism is that EO is formed from ethylene of endogenous 
and exogenous origins in the metabolism (Thier and Bolt, 2000; SCOEL, 2009). 

 

5.  General toxicity 

The acute toxicity of EO is characterized by the following 4-hour LC50 values: 
1740 ppm in rats, 660 ppm in mice and 960 ppm in dogs. Non-lethal concentrations 
were 1020, 400 and 600 ppm (Rusch et al., 2009).  

After subchronic exposure, no effects were detected at a concentration of 10 ppm 
(Snellings et al., 1984). From 33 ppm, rats showed an increased incidence of brain 
tumours (Section 7) and reduced body weights. No definite target organ was found in 
rats or mice.  

Subchronic exposure of monkeys led to neurotoxic effects in dose ranges > 100 ppm 
(Setzer et al., 1996; Sprinz et al., 1982). 

 

6.  Genotoxicity 

EO was positive in most genotoxicity tests in vitro and in vivo.  

See also Section 4 for the alkylating potential of EO. 

EO led to hydroxyethylation at the DNA, mainly at the N-7 position of guanine (van 
Sittert et al., 2000; Swenberg et al., 2000; Rusyn et al., 2005). This type of adduct is 
regarded as hardly pre-mutagenic because of its low stability* and good repair 
capacity. The same also seems to apply to N-3 adenine adducts.   

Hydroxyethylation of the haemoglobin molecule at valine occurs almost in parallel to 
DNA hydroxyethylation of guanine at N-7. This parameter is more easily accessible 
analytically and biometrically. At 1 ppm (repeated exposure), haemoglobin alkylation 
still exceeded the physiological background (Wu et al., 1999).  

N-7 hydroxyethylation of guanine is also observed spontaneously or without 
exogenous EO exposure; it is very probably due to the endogenous formation of EO 
from ethylene, i.e. about 0.4 – 11 nmol/hour/kg (Csanady et al., 2000). The 
background rate of hydroxyethyl adducts at the N-7 atom of guanine is about 3.0 to 
3.8 adducts per 107 nucleotides in peripheral human lymphocytes (Zhao and 
Hemminki, 2002). In rats, Marsden et al. (2007) found a physiological background of 
0.11 – 0.35 of these adducts per 107 nucleotides in various organs. The differences 
in adduct levels between rats and humans may to some extent have endogenous 

                                            
* N-glycosidal binding to ribose 
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reasons, but the sensitivity of analysis has also increasingly improved during this 
period. Marsden et al. (loc. cit.) also injected EO intraperitoneally at doses of 0.01 to 
1.0 mg/kg and day for 1 – 3 days. The adduct levels were not yet increased in the 
lowest dose group, while a dose-related increase was observed between 0.1 and 
1.0 mg/kg irrespective of the exposure frequency (1 – 3 days). By means of a 
pharmacokinetic model (Fenell and Brown, 2001), the authors calculated an 
intraperitoneal dose of 0.09 mg/kg, which would correspond to an uptake of 1 ppm by 
inhalation for 6 hours. It might be concluded from this that the adduct levels are still in 
the range of endogenous biological variability at 0.1 ppm. The authors also pointed 
out that the N7-HEG adduct is a biomarker, but no pre-mutagenic lesion.   

Donner et al. (2009) investigated the total number of heritable translocations (besides 
the total number of chromosome aberrations) in peripheral lymphocytes and meiotic 
spermatocytes of male B6C3F1 mice at EO concentrations of 0, 25, 50, 100 and 
200 ppm (6 hours per day and 5 days per week). Depending on exposure 
concentrations and exposure duration, chromosome aberrations in lymphocytes were 
clearly increased at 100 and 200 ppm after 12 weeks, additionally at 50 ppm after 24 
weeks and finally also at 25 ppm after 48 weeks. A similar course was found for 
translocations; however, they were not increased at 25 ppm and after 48-week 
exposure. In spermatocytes, an increased incidence of translocations was observed 
after 48 weeks at 25 ppm, but the effects were weaker and not definitely related to 
the dose.   

According to Galloway et al. (1986), exposure concentrations above 5 ppm are 
necessary to induce chromosome aberrations in human peripheral lymphocytes.  

In mice, Generoso et al. (1986, 1990) found a definite concentration-response 
relationship (at identical doses) for dominant-lethal effects and heritable 
translocations at exposure concentrations of 165 – 1800 ppm.  

 

7.  Carcinogenicity 

Several human epidemiological studies exist for EO (7.1).  

EO is assessed as a complete carcinogen according to the results obtained from 
several animal studies (7.2) and is regarded as a tumour initiator on the basis of 
positive genotoxicity findings. Its tumour-promoting effects are less distinct since no 
typical target organ can be detected on the basis of subchronic cytotoxic effects apart 
from neurotoxicity occurring at high doses (> 100 ppm) (see Section 8). The irritant 
potential at the portal of entry is also relatively slight for gaseous EO. 

 

7.1  Observations in humans 

The IARC recently (2007) assessed the data available for EO. EO was classified as 
carcinogenic to humans (Group 1) although the epidemiological evidence for this was 
regarded as limited. 

The IARC Cancer Monograph Working Group in particular cited the U.S. study of the 
largest cohort of 18235 EO-exposed workers (Steenland et al., 2004), in which a 
comparison of exposed workers with the general population revealed no evidence of 
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any increased cancer mortality. 

Individual internal analyses demonstrated certain associations between cumulative 
exposure (but not peaks or average and minimum durations) and malignant 
neoplasms of the haematopoietic system (mainly lymphoid tumours); they were 
observed only in men, but not in women, and using a statistical model with a lag 
phase of 15 years, which is unusually long for this type of neoplasm. Other studies 
that involved exposure to EO could neither definitely nor consistently confirm these 
associations. 

Although breast cancer mortality was not increased overall in this study, a large 
number of further internal analyses described a weak trend for elevated breast 
cancer mortality in women with increasing cumulative EO exposure (Steenland et al., 
2003). 

In a mortality study that was also published in 2004 and carried out among 2876 
persons exposed to EO in a British cohort, Coggon et al. (2004) found no significant 
association for any tumour category and concluded that there was only a low risk 
resulting from EO at concentrations occurring in Great Britain over recent decades 
(< 5 ppm TWA, although with occasional exposure peaks of several 100 ppm).  

As early as in 1999, Teta et al. (1999) found no significant association with EO 
exposure for any of the interesting a priori end points (all types of cancer, pancreatic, 
brain and stomach cancers, leukaemia and non-Hodgkin’s lymphoma) in a meta-
analysis of the 876 cancer deaths (compared with the 928 expected) that had 
occurred in 10 studies up until that time. 

Nevertheless, these authors tried to make a quantitative risk assessment on the 
basis of the comprehensive study by Steenland et al. described above (at that time, 
only an earlier publication updated to the end of 1987 was available: Steenland et al., 
1991) and another study with relatively well recorded exposure in a chemical 
production plant (Teta et al., 1993). The authors derived lifetime risks of leukaemia 
(lymphoid tumours) from occupational exposures at 1 ppm that were in a range 
between 0 and 2.2 (or 1) x 10–4 in the worst case. Kirman et al. (2004) substantially 
confirmed this estimate. In 2009, Valdez-Flores et al. also made a quantitative risk 
assessment based on the last evaluations (Steenland et al., 2004; Swaen et al., 
2009) of the two above-mentioned cohorts, although they found no evidence of a 
positive cumulative exposure-response relationship. If the environmental risks 
reported by Valdez-Flores et al. (2009) are converted to the workplace situation, 
lifetime risks are obtained that are also in a range of 2 x 10-4 for 1 ppm (lymphoid 
tumours in men). The SCOEL assigned a risk of 1.15 x 10-6 to an exposure of 
0.1 ppm for lymphoid/haematological tumours (SCOEL, 2009). 
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While worst case assessments as specified above can be used for comparison with 
risk figures derived from animal studies, the AK CM/UA III (Working group on “Limit 
Values and Classification of Carcinogenic and Mutagenic Substances” of 
Subcommitee III) considers it problematical to derive an ERR from a precise 
quantitative determination of cancer risks on the basis of the available 
epidemiological data for the following reasons: 

- Lack of evidence of carcinogenicity in epidemiological studies  

- Inconsistency of the individual studies; here, restriction to two studies 

- Most relevant end point from the haematopoietic spectrum of disorders unclear 

- Insufficient precision in diagnosing haematopoietic disorders 

- Assessment of exposure too imprecise; lack of findings on the relevant measure 
of exposure 

- Lag period of 15 years questionable 

 

7.2  Animal studies 

The carcinogenicity of EO was manifest in different tissues in animal studies. Brain 
tumours, peritoneal mesothelioma in rat-specific locations (tunica albuginea) and 
MNC leukaemia were observed in Fischer rats (Snelling et al., 1984); lung adenomas 
and lung carcinomas were found in B6C3F1 mice (NTP; see Annex 1).  

The carcinogenicity of EO seems to be relatively weak at first glance considering the 
individual target organs. However, it has to be borne in mind that EO’s ubiquitous 
mutagenicity might theoretically lead to a large number of tissues becoming the origin 
of a carcinogenic effect, although at a low incidence in each case. Risk figures based 
on the incidence of only one type of tumour may underestimate the risk. However, 
some tumour types observed in animal studies (peritoneal mesothelioma and MNC 
leukaemia) seem to be of low relevance for humans.  

The incidence of brain tumours was increased in rats at 33 and 100 ppm. A re-
evaluation by Garman et al. (1985) was used to determine brain tumour incidences 
(see Annex 1). There was also a dose-related increase of peritoneal mesothelioma 
with rat-specific location (tunica albuginea) and of leukaemia typical of Fischer rats 
(spleen mononuclear cell leukaemia); they are both of low relevance for humans. The 
lung tumours observed in mice may also be of low human relevance. Their incidence 
is still close to the historical incidences, at least at 50 ppm. Comprehensive 
epidemiological studies did not reveal any increased incidence of lung tumours; 
however, it cannot generally be ruled out that such tumours are induced by exposure 
to EO. The lung tumours in mice have been used as the basis for an as conservative 
linear extrapolation as possible, particularly as their BMD10 is clearly lower than the 
BMD for brain tumours in rats (see Annex 1). 
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Because of the statistical resolution limits for carcinogenic effects, it is unclear 
whether the dose-response relationship for the carcinogenic effects of EO is still 
linear in the low dose range. Therefore, the risk figure is currently established by 
linear extrapolation (of the tumour incidences obtained at high dose levels) into the 
low dose range. Further studies on the spectrum of different genotoxicity parameters 
might provide more detailed information on this. 

 

8.  Calculation of a BMD10 / ERR 

Calculations of the benchmark doses (Annex 1) for all types of tumours in rats and 
mice resulted in different values for the individual tumour types (Table 1). The lowest 
10% benchmark dose (BMD10) was 13.6 ppm for MNC leukaemia (probably of low 
relevance) in female Fischer rats and 19.4 ppm for the sum of alveolar and 
bronchiolar carcinomas in male B6C3F1 mice. To apply this to the situation of 
humans at the workplace (hBMD10), a ratio is established between annual exposure 
periods of 52 weeks in the experiment and 48 working weeks; the entire working 
lifetime is estimated to be 40 years at a lifespan of 75 years. Therefore, an 
adjustment factor of 6/8 x 52/48 would have to be used for multiplication and an 
hBMD of 29.55 ppm would have to be assumed, involving an additional tumour risk 
of about 10%. This would lead to an exposure concentration of 1.18 ppm for the 
tolerable risk of 4:1000.  

In this risk calculation, the chemical and biochemical reactions of EO at 1.2 ppm 
actually need to be qualitatively and quantitatively the same as in the dose range of 
10 – 100 ppm in animal studies. 

Certain saturation phenomena such as GSH depletion and epoxide hydrolase 
overload are probably no longer of importance in the low concentration range, i.e. 
below the carcinogenic doses in long-term studies. Furthermore, there is certain 
evidence of a possible disproportionate increase of qualitatively different DNA 
adducts (06-hydroxyethylguanine; clearly pre-mutagenic) and of further genotoxic 
lesions in the experimental dose range. These indications should be pursued to 
provide evidence of a sublinear dose-response relationship.  

Further studies are being carried out to this end; based on their results, the limit 
value should be re-evaluated after about 1 – 2 years. 

Epidemiological data revealed no EO-induced tumours in exposure ranges between 
0.1 and 1 ppm.  
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9.  Derivation of an exposure-risk relationship (ERR)  

9.1.  Cancer locations with human relevance and quantifiable cancer 
incidences  

EO led to brain tumours in inhalation studies in rats. Peritoneal mesothelioma (at the 
tunica albuginea) and MNC leukaemia were also observed. The tumour incidences 
are shown in Annex 1.  

Benchmark dose calculations were carried out for all types of tumours. The brain 
tumours have to be assessed as definitely relevant to humans. A relatively high 
BMD10 (> 100 ppm) was established for these. Peritoneal mesothelioma is a rat-
specific location (tunica albuginea) and MNC leukaemia is a type of tumour specific 
to Fischer rats with a high spontaneous incidence and range of variation. However, 
since EO has a genotoxic effect and is distributed relatively uniformly in the body, the 
involvement of further target organs cannot generally be ruled out, nor can it be 
excluded that EO acts as a co-factor in the development of mesothelioma and 
leukaemia by increasing the general mutation rate. The BMD10 for brain tumours was 
not used for deriving an ERR since it is higher than the BMD10 for lung tumours in 
mice (Table 2 in the Annex). In addition, brain tumours have a flat dose-response 
relationship.  

Lung tumour rates in mice increased in relation to the dose. Although their human 
relevance has not been reliably established since lung tumours were neither 
observed in humans, nor were such tumours found in rats, the lungs are the main 
portal of entry. The BMD10 of 19.44 ppm for lung tumours in males is much lower 
than the BMD10 for brain tumours in rats and almost as low as that for leukaemia in 
female rats (13.6 ppm). Therefore, using the BMD10 for lung tumours in mice can be 
regarded as a sufficiently conservative approach.  

An overall assessment of the epidemiological studies did not provide any evidence 
for the carcinogenicity of EO in humans.   

 

9.2.  Non-carcinogenic effects  

No adverse effects were observed at 10 ppm in a 2-year inhalation study. From 
33 ppm, there was a tendency to non-specific effects with reduced body weights. 
According to subchronic studies in rats and primates, neurotoxicity may occur in dose 
ranges above 100 ppm; doses close to the acute toxic range are probably required to 
induce such effects. A dose of 50 ppm can be regarded as a reliable NOAEL for 
neurotoxicity in primates.  
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9.3.  Conclusion 

Accordingly, the risk figures (additional nominal risk of developing cancer after 
working lifetime exposure by inhalation) are: 

 

Risk Concentration 

Point of departure:  
BMD10 for lung tumours in mice  

38.88 mg/m3 ; 19.44 ppm 

4:1000 (tolerable risk) 2.36 mg/m3; 1.18 ppm 

4:10000 (acceptable risk until 2013) 0.236 mg/m3; 0.118 ppm 

4:100000 (acceptable risk after 2013; 2018 at 
the latest) 

23.6 µg/m3; 11.8 ppb 

 

As described in Section 8, the risk figure of 4:1000 corresponds to an inhaled air 
concentration of 1.18 ppm.  

The experimental basis consists of several long-term inhalation studies in rats and 
mice, the analysis of tumour incidences and their linear extrapolation into the low 
dose range.  

Linear extrapolation might be re-evaluated as soon as the results of the initiated in 
vivo studies of various genotoxicity parameters and their dose-response relationships 
are available. It is expected that these results will allow an exacter analysis of the 
dose-response relationship to be made and, in particular, allow comparisons to be 
drawn between the spectrum of effects in a range of 1 ppm and the definitely 
carcinogenic doses (33 – 100 ppm).  
Non-carcinogenic effects are not expected to occur in the range of the tolerable risk.  
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Annex 1 

Inhalation: Fischer 344, 6 h/d, 5 d/w 
 
Tumour incidences: 

 Brain 
tumours, 

males 

Brain 
tumours, 
females 

Peritoneal 
mesotheli-
oma, males 

Spleen 
mononuclear 

cell leukaemia, 
males 

Spleen 
mononuclear 

cell leukaemia, 
females 

0 ppm 1 / 196 1 / 194 2 / 97 13 / 97 11 / 116

10 ppm  1 /   99 1 /   98 2 / 51   9 / 51 11 /   54

33 ppm 5 /   98 3 /   99 4 / 39 12 / 39 14 /   48

100 ppm 7 /   99 4 /   99 4 / 30   9 / 30 15 /   26

 
Tab. 1: BMD values from rats 

BMD10 

Brain tumours, males 127.00 ppm 

Spleen mononuclear cell leukaemia, males 37.68 ppm 

Peritoneal mesothelioma, males 68.10 ppm 

Brain tumours, females 244.00 ppm 

Spleen mononuclear cell leukaemia, females 13.60 ppm 

 

Inhalation: B6C3F1 mice, 6 h/d, 5 d/w 

Tumour incidences: 
Alveolar/bronchiolar adenomas and carcinomas 

males females

0 ppm 11 / 50   2 / 49

50 ppm 21 / 50   5 / 48

100 ppm 27 / 50 24 / 49

 
Tab. 2: BMD values from mice 

BMD10 

Alveolar/bronchiolar adenomas, males 64.33 ppm 

Alveolar/bronchiolar adenomas, females 54.27 ppm 

Alveolar/bronchiolar carcinomas, males 53.82 ppm 

Alveolar/bronchiolar carcinomas, females 86.87 ppm 

Alveolar/bronchiolar adenomas and 
carcinomas, males 

19.44 ppm 

Alveolar/bronchiolar adenomas and 
carcinomas, females 

43.11 ppm 
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Alveolar/bronchiolar adenomas and carcinomas, male mice (ethylene oxide) 
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