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Exposure-risk relationship for acrylonitrile (CAS 107-13-1) 

 

Substance characterization: 

Empirical formula  C3H3N 

Structural formula  CH2=CH-CN 

Molecular weight  53.06 

Melting point   - 89.6°C 

Boiling point   77.3°C 

CAS No.     107-13-1 

1 mg/m3 = 0.45 ppm 1 ppm = 2.2 mg/m3 

 

1  Introduction 

There are numerous assessments and data collections on acrylonitrile such as the 
EU Risk Assessment (2004), a WHO report (WHO CICAD Acrylonitrile: Concise 
International Chemical Assessment Document 39, WHO 2002) as well as a SCOEL 
assessment (Recommendation from the Scientific Committee on Occupational 
Exposure Limits for Acrylonitrile, 2003). 

Acrylonitrile is a colourless liquid, which is produced in closed systems and used as 
an industrial intermediate (SCOEL 2003). 

 

2  Toxicological profile (unless quoted separately from SCOEL 2003 
and EU RA 2004):  

– Acute toxicity: 

 - Acrylonitrile is toxic in animal studies with LD50 values for oral 
administration being in the range of 72-186 mg/kg for rats and 28-48 mg/kg 
for mice. In case of inhalation exposure, the LC50 values amount to 200 
mg/m3/4h for dogs, 300 mg/m3/4h for mice and are in a range from 470 to 
1219 mg/m3/4h for rats. The toxicity is primarily due to cyanide formation.  

 - The experiences in humans are consistent with the data from animal studies 
and confirm the acute toxicity resulting from cyanide formation and the 
substance‘s neurotoxicity.  

 - Poisoning will also occur with dermal contact. 

 - Acute poisoning to humans with local irritation, headaches, vertigo and 
weakness has been described for concentrations of > 5 ppm (11 mg/m3). 
With higher exposure levels, tremor, convulsions, unconsciousness as well 
as respiratory and circulatory arrest occur. 

 - Volunteers having been exposed to 2.4 – 5 ppm of the substance for 8 hours 
did not show any irritation of the respiratory tract or other harmful effects. 

– Toxicity with repeated exposure: 
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 - In animal studies, the LOAEL for a two-year inhalation study amounted to 20 
ppm. The EU derived a NAEL (sic) of 4 ppm from these data (EU RA 2004). 

– Metabolism 

 - The substance is metabolised via 2 metabolic pathways: either by a 
glutathione-dependent pathway producing the mercapturic acid of N-acetyl-
S-cyanoethylcysteine, or it is metabolised by oxidative metabolism forming 
an epoxide: cyanoethyleneoxide (glycidonitrile) (cf. Figure 1 in the Annex). 

– Mutagenicity 

 - Weak in vitro genotoxicity. In vivo studies did not give any indications of a 
genotoxic effect in vivo (dominant-lethal test, micronucleus test) or they 
showed inconsistent findings (UDS in liver cells, spermatocytes and 
pulmonary cells) 

 - Acrylonitrile is assessed as genotoxic, while non-genotoxic mechanisms 
might be relevant for tumour induction. 

 - The oxidative metabolite (epoxide; cyanoethyleneoxide) has a genotoxic 
effect. 

– Carcinogenicity in animal studies: 

 - Following oral or inhalation exposure, acrylonitrile induces tumours (brain 
and spinal cord, Zymbal’s gland, gastrointestinal tract, mammary gland). 
Various studies consistently show tumours of the central nervous system 
and the Zymbal gland following oral and inhalation exposure, while tumours 
of the gastrointestinal tract have primarily been observed after ingestion. 
Data on the mammary gland are not consistent (overview in Whysner et al. 
1998; Johansen & Levinskas 2002a and b). Following oral administration, 
tumours of the forestomach and the Harderian gland were observed in mice, 
whereas CNS tumours were not found (NTP 2001). 

 - The mechanism of tumourigenesis is not entirely clear:  

 - CNS in rats: acrylonitrile as well as 2-cyanoethyleneoxide and cyanide 
cross the blood-brain barrier, and direct genotoxicity, indirect genotoxicity 
and non-genotoxic mechanisms are therefore conceivable (Kirman et al. 
2005). Whysner et al. (1998) and further authors (quoted in Kirman et al. 
2005) did not find any DNS adducts in the brain, and this is interpreted as 
indicative of an indirect genotoxic mechanism for tumourigenesis. 
Indications of oxidative damage (indirect genotoxicity) have been found in 
in vitro and in in vivo experiments; the tumour-affected brain regions in 
rats correlate to the regions of 8-oxo-dG formation, for example. In vitro 
tests show an inhibition of intracellular communication in rat astrocytes, 
which is indicative of a non-genotoxic mechanism (Kirman et al. 2005). 

 - Gastrointestinal tract: following oral administration, tumours of the 
forestomach were found and were accompanied by squamous cell 
metaplasia. Compared to an administration via the rats‘ drinking water, 
these effects were more pronounced following a bolus administration 
(gavage) so that it may be assumed that local irritation is involved in 
tumour development (Johannsen & Levinskas 2002 a und b).  

 - Sub-linear dose-response relationship; increased CNS tumour incidence 
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(CNS = primary target organ of tumourigenic effects in rats following 
inhalation exposure) above 20 ppm 

– Carcinogenicity to humans  

 - Numerous epidemiological studies do not provide a clear indication of a 
carcinogenic effect. Especially the earlier studies partly reported a higher 
risk of lung cancer. A meta-analysis of 25 epidemiological studies did not 
reveal any causal relationship between acrylonitrile exposure and cancer 
(incl. pulmonary cancer; Collins & Acquavella 1988). In an analysis of 12 
epidemiological studies of CNS tumours, no such association was found 
(relative risk of 1.1; Collins & Strother 1999). There is an on-going 
discussion whether exposure at the workplace is significantly lower than the 
effect level in animal studies (Schulz et al. 2001) or whether the exposures 
might even overlap (Kirman et al. 2005). 

– Reproductive toxicity  

 - NOEL for fetotoxicity in rats: 12 ppm 

 - No indication of reproductive toxicity in case of non-toxic doses. 

 

3  Risk characterization 

Assessment in SCOEL 2003: “In general, the health risks from industrial handling of 
acrylonitrile appear to largely derive from very pronounced acute and chronic toxicity, 
in combination with its clear potential for skin penetration. Based on a review of the 
literature on health effects other than carcinogenicity, it has been concluded that 
current OELs in Western countries (i.e. approx. 2 ppm) offer adequate protection 
against health effects other than carcinogenicity (Sakurai 2000)“…“Non-tumourigenic 
effects of acrylonitrile are not to be expected at exposure levels up to 1-2 ppm“. 

 

4  Assessment: 

The effect of acrylonitrile is determined by its high acute toxicity. Occupational 
exposure limits in the range of 1-2 ppm protect against acute toxicity and the toxicity 
caused by a longer exposure (non-carcinogenic effect; cf. the above “risk 
characterization”). Because of its known dermal penetration, dermal contact is to be 
avoided. 

Acrylonitrile shows carcinogenic effects in animal studies. Regarding its carcinogenic 
effects in humans, the numerous epidemiological studies do not provide a clear 
indication of such an effect so that the risk is considered as low under current 
exposure conditions. The animal model must therefore be regarded as highly 
sensitive for acrylonitrile. It cannot be excluded that the genotoxic effect contributes 
to the carcinogenic effect, even if it is low.  

 

5  Exposure-risk relationship for acrylonitrile in view of deriving an 
occupational exposure limit (OEL) 

The published exposure-risk relationships are summarised in Tables 1-3. Based on 
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the findings in meta-analyses, which did not establish a causal relationship between 
the exposure to acrylonitrile and cancer, the description of the exposure-risk 
relationship by the AK CM (Working Group on “Limit Values and Classification of 
Carcinogenic and Mutagenic Substances”) is based on data from animal studies 
(Tables 1 and 2). In line with literature, the relevant basis is considered to be CNS 
tumours in rats following inhalation exposure. 

Assuming a non-genotoxic mechanism, the determination of an occupational 
exposure limit according to the OEL concept would result in an OEL of 1.3 ppm (with 
a LOAEC from the two-year rat study with an inhalation level of 20 ppm as starting 
point, an extrapolation factor of 3 to convert LOAEC to NOAEC, an allometry factor 
because of the inhalation study 1, time extrapolation because of longitudinal study 1, 
an intra-species variability factor of 5). This value is in line with the SCOEL 
assessment (cf. Section 3). 

In case of linear extrapolation, the lifetime risks extrapolated by various authors and 
with different methods amount to 0.1 mg/m3 (0.05 ppm) in a relatively narrow range 
from 1.6 x 10-4 to 2.7 x 10-3.  

The justification of an occupational exposure limit is based on the well-documented 
calculation by Felter & Dollarhide 1997, which - in line with the guidelines established 
by the AK RA (Working group “Risk Derivation“) - provides the relevant baseline. The 
point of departure for the calculation of substance-specific risk figures is the unit-risk 
value (risk to humans with a lifetime exposure to 1 µg/m3) of 8.2 x 10-6 determined by 
Felter and Dollarhide with this value being obtained by linear extrapolation of the 
ED10 value. This value was itself derived from the incidence of astrocytoma 
(combination of benign and malignant tumours) in female rats, as they showed a 
higher slope factor than the male animals.  

The conversion from lifetime (75 years x 7 days per week x 52 weeks = 27,300 days) 
to working hours in days (40 years x 5 days/week x 48 weeks = 9,600 days) results in 
a factor of 2.8; the consideration of the daily exposure (with 20 m3/ day for lifetime 
and 10 m3/ day for daily working hours) provides in an additional factor of 2. The 
resulting aggregate factor of 5.6 is used for the conversion from lifetime to working 
hours. 

The division of the unit risk of 8.2 x 10-6 by this aggregate factor of 5.6 results in a 
value of 1.4 x 10-6. A working-life exposure of humans to 1 µg/m3 would then 
correspond to a risk of 1.4 x 10-6. 

Tab. 4: Exposure-risk relationship for acrylonitrile according to the calculations 
made by AK CM in view of justifying an occupational exposure limit (OEL). 

Acrylonitrile concentration,  
40 years of occupational exposure  

ppm µg/m3 

Working-life risk 

1.2  2800  4 x 10-3 

0.12  280  4 x 10-4 

0.012 28  4 x 10-5 

 1 1.4 x 10-6 
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Conclusion: 

The mechanism of tumour development is not entirely clear. There are indications of 
a sub-linear dose-response relationship. But it cannot be excluded that the genotoxic 
effect – even though it is weak - also contributes to the carcinogenic effect. 
Consequently and in line with a worst-case scenario, the OEL derivation is based on 
linear extrapolation. For an exposure of 1.2 ppm, the extrapolated risk is 4 x 10-3 

(tolerable risk), and a value of 4 x 10-4 (acceptable risk) is calculated for 0.12 ppm. 
Based on the assumption of a non-genotoxic mechanism, the determination of an 
occupational exposure limit according to the OEL concept results in an OEL of 1.3 
ppm and is therefore in the same range as the tolerable risk of 1.2 ppm. Even though 
the relevance of astrocytoma for humans is not yet clear, the quantitative derivation 
of risk figures is based on a comparatively solid database obtained in animal studies. 
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Table 1: Exposure-risk relationship of carcinogenicity based on animal studies – linear extrapolation 

Dose Risk Basis Model Reference 
2 ppm (4.4 mg/m3) 1.3 x 10-4 to  

1.8 x 10-2 
T25 on the basis of animal studies (CNS 
tumours) 16.1 mg/kg (m) and 22.4 mg/kg 
(w) (inhalation study; Quast et al. 1980) or 
125 ppm (drinking water study; Gallagher 
et al. 1988) 

Linear extrapolation;  
Working-life risk 

EU Risk Assessment 2004 
 

2 ppm (4.4 mg/m3) 
 
0.49 ppm  
(1.1 mg/m3) 

4.7 X 10-3 
 
1.2 X 10-3 

T25 on the basis of animal studies (CNS 
tumours);  
T25 from the inhalation study (Quast et al. 
1980): 14.9 mg/kg/ day 

Linear extrapolation; lifetime cancer risk T. Sanner 1989, quoted in 
EU Risk Assessment 2004 

1 µg/m3 1.5 X 10-5 Brain tumours after inhalation exposure of 
rats (Quast et al. 1980) 

Linearised multistage model, extra risk  
no data whether work-related risk or 
lifetime risk  

Johnston & Rock 1990 
quoted in Schneider et al. 
2002 

1 µg/m3 5.7 – 8.6 x 10-6 Brain tumours after inhalation exposure of 
rats (Quast et al. 1980) 

Linearised multistage model, extra risk 
lifetime risk 

Page & Cook 1990 quoted 
in Schneider et al. 2002 

1 µg/m3 8.2 x 10-6 (ED10) or  
1.1 x 10-5 (LED10) 

Astrocytoma (malign and benign) after 
inhalation exposure of rats (Quast et al. 
1980) 

EPA procedure for ED10 and LED10 
(1996) 
lifetime risk 

Felter & Dollarhide 1997  

1 µg/m3 1.01 – 1.13 x 10-5 Astrocytoma (malign and benign) after 
inhalation exposure of rats (Quast et al. 
1980) 

Linearised multistage model, extra risk, 
95% upper confidence limit – no data 
whether working-life risk or lifetime risk  

BASF 2000 quoted in 
Schneider et al. 2002 

2.7 ppm (6 mg/m3) 
2 ppm (4.5 mg/m3) 
0.45 ppm  
(1 mg/m3) 

TC05 

95% LCL  
Unit Risk 8.3 x 10-3 

Animal studies, extrapolated from 
malign/benign CNS tumours combined 
following the inhalation exposure of rats 
(Quast et al. 1980);  

Linear extrapolation, TC05, 95% lower 
confidence limit (95% LCL) 
 
lifetime risk 

WHO CICAD Acrylonitrile: 
Concise International 
Chemical Assessment 
Document 39, WHO 2002 

1 µg/m3 1.6 x 10-6 Animal experiment (CNS tumours), 
pooled data from 12 studies (6x oral 
exposure, 6x inhalation exposure); 
combined analysis through calculation of 
the internal dose  

Linear extrapolation, point of departure 
is LED05 of the internal dose,  
PBPK Model for the assessment of the 
internal dose  
lifetime risk 

Kirman et al. 2005 

1 µg/m3 
 

2.7 x 10-5 Basis: animal experiment (combined  
tumour incidence in Zymbal’s gland, brain 
and mammary gland; Quast et al. 1980) 

Linear extrapolation, extra risk  
 
no data whether working-life risk or 
lifetime risk 

RIVM 1984 quoted in 
Schneider et al. 2002 
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Table 2: Exposure-risk relationship of carcinogenicity based on animal studies – non-linear extrapolation 

Dose Risk Basis Model Reference 
0.045 ppm  
(0.1 mg/m3) 

Health-based limit of 
0.1 mg/m3 

Animal experiment (CNS 
tumours). Pooled data from 12 
studies (6x oral exposure, 6x 
inhalation exposure) 
 

Non-linear extrapolation 
Dose-response modelling using the USEPA Benchmark 
Dose Software 
 
Points of departure: 5% lower confidence limit (LED05) 
and 5% extra risk (ED05) 
 
PBPK Model for the assessment of the internal dose 
 
LED05 = 0.017 mg/l internal dose = 25.9 mg/m3 
inhalative exposure of humans 
 
ED05 = 0.014 mg/l internal dose = 21.3 mg/m3 
inhalative exposure of humans (5% Lower Confidence 
Limit LED05) 
 
Uncertainty factors: 
Inter-species 3.2. intra-species 7. „Severity of 
Response“ 10 = aggregate 220 
 
Limit value: 21.3 mg/m3 / 220 = 0.1 mg/m3  

Kirman et al. 2005 

 

Table 3: Published exposure-risk relationship of carcinogenicity from epidemiological studies  

 
Dose Risk Basis Model Reference 
1 µg/m3 6.8 x 10-5  

 
Higher incidence of lung cancer in 
occupationally exposed persons  
 

linear extrapolation, average relative risk  
occupational exposure 

EPA 2000 quoted in 
Schneider et al. 2002 

1 µg/m3 1.7 x 10-5 Higher incidence of lung cancer in 
occupationally exposed persons 

linear extrapolation, average relative risk  
occupational exposure 

WHO 1987 quoted in 
Schneider et al. 2002 
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Figure 1:  
 
From Thier R. et al., Arch Toxicol 74, 184-189, 2000 


