Acrylonitrile
General information
Key Points
Fire





Highly flammable
Highly reactive; reacts violently with strong oxidising agents, strong acids and bases
Emits toxic fumes of hydrogen cyanide and nitrogen oxide when heated to
decomposition
In the event of a fire involving acrylonitrile, use alcohol resistant foam, or normal foam
if not available, and liquid tight protective clothing with breathing apparatus

Health






Toxic by inhalation, ingestion and skin contact
Should be regarded as a cancer causing substance
Exposure to acrylonitrile may cause headache, nausea, vomiting, dizziness, fatigue
and clumsy motion
Severe exposures to acrylonitrile may result in tremors, collapse, convulsions,
discolouration of the skin and could possibly be fatal
Dermal exposure to acrylonitrile may cause localised irritation, blistering and redness

Environment



Avoid release into the environment
Inform the Environment Agency of substantial releases
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ACRYLONITRILE – GENERAL INFORMATION

Background
Acrylonitrile is a colourless, volatile,
flammable liquid, with a faintly pungent
odour. Acrylonitrile does not occur naturally.
It is manufactured from propylene in
substantial amounts in the EU and
elsewhere (greater than 1 million tons
produced per year).

Acrylonitrile is toxic and irritant to humans
who are exposed to it, which is mainly by
inhalation or skin contact. Acrylonitrile is also
very toxic if it is swallowed. However,
ingestion of acrylonitrile is relatively
uncommon.

Acrylonitrile is used in the manufacture of
acrylic fibres, plastics, resins and synthetic
rubbers. It is also used as a chemical
intermediate in the production of other
chemicals such as acrylamide, adiponitrile
and carbon fibre.

Acrylonitrile has historically been used in
combination with carbon tetrachloride as a
pesticide fumigant for flour-milling and
bakery equipment and for storing tobacco.
This use of acrylonitrile has since been
discontinued due to its detrimental health
effects.

Acrylonitrile is not commonly used in the
home in substantial quantities and as such,
people are most likely to be exposed to it in
workplaces where it is used. Residual
amounts of acrylonitrile may, however, be
present in products which are manufactured
with acrylonitrile, such as acrylic fibres,
plastics and resins. Smoking of cigarettes
and tobacco is also a potential source of
exposure to acrylonitrile.

Inhalation of acrylonitrile vapours can lead to
symptoms such as irritation of the nose and
throat, headache, nausea, dizziness and
vomiting. More severe exposures to
acrylonitrile by inhalation can cause tremors,
discolouration of the skin, convulsions,
collapse in some cases may result in death.
Skin contact with acrylonitrile leads to severe
irritation, with redness, blistering and peeling.
Such skin damage heals slowly.
Occupational exposure to acrylonitrile over a
long period can cause effects such as
headache, chest pains, insomnia, fatigue, a
general feeling of unwell and increased
irritability. Repeated or prolonged skin
contact with acrylonitrile can give rise to an
allergic skin reaction in some individuals,
with symptoms such as redness, itching,
rash and swelling of the skin.
Children exposed to acrylonitrile will display
similar effects to those seen in exposed
adults, although the effects may be more
severe. Exposure during pregnancy is not
likely to cause damage to the unborn child at
doses where the mother appears unaffected.
Acrylonitrile has been classified by the
International Agency for Research on
Cancer, as possibly having the ability to
cause cancer to humans, and by the EU
classification system as a compound that
should be regarded as a human carcinogen.
Acrylonitrile is also a mutagen
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Production and Uses

Key Points





Acrylonitrile does not occur naturally
It is produced industrially by mixing propylene, ammonia and oxygen
The main use of acrylonitrile is in the manufacture of acrylic fibres for clothing and
textiles
Acrylonitrile is also a common constituent of plastics, resins and synthetic rubber

Acrylonitrile is not a naturally occurring chemical, and is produced by mixing propylene with
ammonia and oxygen (ammoxidation) in the presence of a catalyst which is known as the
Sohio process.
Acrylonitrile is used in the manufacture of acrylic and modacrylic fibres for use in clothing and
textiles. Acrylic fibers are also used as a precursor in the production of carbon fibre. It is used
in the production of plastics and resins such as ABS (acrylonitrile-butadiene-styrene), SAN
(styrene-acrylonitrile) and nitrile rubber. Acrylonitrile is also used as a chemical intermediate
in the production of other chemicals such as acrylamide and adiponitrile.
Acrylonitrile has historically been used as a pesticide fumigant for tobacco and also for flour
milling and bakery equipment, but this use has now been discontinued due to its toxicity.
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Frequently Asked Questions
What is acrylonitrile?
Acrylonitrile is a colourless, volatile, flammable liquid, with a faintly pungent odour. The main
use of acrylonitrile is in the manufacture of acrylic fibres for clothing and textiles. Acrylonitrile
is a common component of some plastics and resins, such as ABS (acrylonitrile-butadienestyrene), SAN (styrene-acrylonitrile), and nitrile rubber. Acrylonitrile is also used in the
production of some chemical intermediates, such as acrylamide and adiponitrile.
How does acrylonitrile get into the environment?
Acrylonitrile does not occur naturally in the environment, and as such is most likely to enter
the environment from workplaces where it is manufactured or used. Smoking cigarettes and
tobacco will also release small quantities of acrylonitrile into the environment.
How will I be exposed to acrylonitrile?
As acrylonitrile is only used industrially, it is unlikely that you will be exposed to significant
amounts unless you work with it. Acrylonitrile readily forms a vapour at room temperature,
and therefore anyone working with it is at risk of inhaling the vapours if adequate protective
equipment is not used. People working with acrylonitrile are also at risk of getting splashes of
it on their skin if they are not adequately protected.
If there is acrylonitrile in the environment will I have any adverse health effects?
The presence of acrylonitrile in the environment does not always lead to exposure. Clearly, in
order for acrylonitrile to cause any adverse health effects you must come into contact with it.
You may be exposed by breathing, eating, or drinking the substance or by skin contact.
Following exposure to any chemical, the adverse health effects you may encounter depend
on several factors, including the amount to which you are exposed (dose), the way you are
exposed, the duration of exposure, the form of the chemical and if you are exposed to any
other chemicals.
Breathing air contaminated with acrylonitrile vapour or swallowing solutions containing
acrylonitrile can give rise to nausea, dizziness and vomiting. More severe exposures to
acrylonitrile by inhalation or ingestion can cause tremors, discolouration of the skin,
convulsions, collapse and if severe enough, in some cases can result in death. Contact of
acrylonitrile with skin, can cause severe irritation, with redness, blistering and peeling of the
skin, which heals very slowly.
Can acrylonitrile cause cancer?
Acrylonitrile has been classified by the International Agency for Research on Cancer as
possibly causing cancer in humans.
Does acrylonitrile affect children or damage the unborn child?
Children will be affected by acrylonitrile in the same way as adults. However, the effects seen
in children may potentially be more severe.
Exposure of a pregnant mother to acrylonitrile is not expected to cause damage to the
unborn child at amounts below that which cause significant health effects to the mother.
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What should I do if I am exposed to acrylonitrile?
It is very unlikely that the general population will be exposed to a level of acrylonitrile high
enough to cause adverse health effects.

This document from the HPA Centre for Radiation, Chemical and Environmental Hazards reflects
understanding and evaluation of the current scientific evidence as presented and referenced in this
document.
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Acrylonitrile
Incident management
Key Points
Fire





Highly flammable
Highly reactive; reacts violently with strong oxidising agents, strong acids and bases
Emits toxic fumes of hydrogen cyanide and nitrogen oxide when heated to
decomposition
In the event of a fire involving acrylonitrile, use alcohol resistant foam, or normal foam
if not available, and liquid tight protective clothing with breathing apparatus

Health
 Highly toxic by ingestion. Also toxic by inhalation and skin contact.
 One of the metabolites of acrylonitrile in the body is cyanide
 Exposure to acrylonitrile may cause headache, nausea, dizziness and anxiety
 Severe exposures to acrylonitrile may result in deep coma, cardiovascular collapse,
and respiratory depression
 Onset of toxicity may be delayed for several hours following dermal exposure
Environment
 Dangerous for the environment
 People should stay indoors with windows and doors closed
 Inform Environment Agency of substantial releases

CRCE HQ, HPA
03/2012
Version 2
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Hazard Identification
Standard (UK) Dangerous Goods Emergency Action Codes(a)
1093

Acrylonitrile, stabilised

EAC

●3WE

Use alcohol resistant foam but, if not available, normal foam
can be used. Wear liquid-tight chemical protective clothing in
combination with breathing apparatus*. Spillages and
decontamination run-off should be prevented from entering
drains and watercourses. There may be a public safety
hazard outside the immediate area of the incident**.

APP

A(fl)

Gas-tight chemical protective suit with breathing apparatus ***

UN

Class

3

Flammable liquid

Sub
risks

6.1

Toxic substance

Hazards

HIN

336

Highly flammable liquid, toxic

UN – United Nations number; EAC – Emergency Action Code; APP – Additional Personal
Protection; HIN - Hazard Identification Number

*Liquid-tight chemical protective clothing (BS 8428) in combination with self-contained open
circuit positive pressure compressed air breathing apparatus (BS EN 137).
** People should stay indoors with windows and doors closed, ignition sources should be
eliminated and ventilation stopped. Non-essential personnel should move at least 250 m
away from the incident.
*** Gas-tight chemical protective clothing conforming to BS EN 943 part 2 in combination
with self-contained open circuit positive pressure compressed air breathing apparatus to BS
EN 137.
a

Dangerous Goods Emergency Action Code List 2011. National Chemical Emergency Centre
(NCEC). The Stationary Office, London.
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Chemical Hazard Information and Packaging for Supply Classification(a)

F

Highly flammable

Carc. cat 2

Classification

T

Toxic

Xi

Irritant

N

Dangerous for the environment

R45

May cause cancer

R11

Highly flammable

R23/24/25
Risk phrases

R37/38

Toxic by inhalation, in contact with skin and if swallowed
Irritating to respiratory system and skin

R41

Risk of serious damage to eyes

R43

May cause sensitisation by skin contact

R51/53
Safety phrases

Category 2 carcinogen

Toxic to aquatic organisms, may cause long-term adverse
effects in the aquatic environment
Safety phrases not available

a

Annex VI to Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of
Substances and Mixtures- Table 3.2.
http://esis.jrc.ec.europa.eu/index.php?PGM=cla (accessed 03/2012)
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Specific concentration limits(a)
Concentration

Classification

C≥1%

T; R23/24/25

0.2 % ≤ C < 1%

Xn; R20/21/22

a

Annex VI to Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of
Substances and Mixtures- Table 3.2.
http://esis.jrc.ec.europa.eu/index.php?PGM=cla (accessed 03/2012)
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Globally Harmonised System of Classification and Labelling of Chemicals
)
(GHS)(a

Flam. Liq. 2

Carc. 1B

Flammable liquid, category 2

Carcinogen, category 1B

Acute Tox. 3

Acute toxicity (oral, dermal, inhalation),
category 3

STOT SE 3

Specific target organ systemic toxicity
following single exposure, category 3

Skin Irrit. 2

Skin irritant, category 2

Eye Dam. 1

Eye damage, category 1

Hazard Class
and Category

a

Annex VI to Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of
Substances and Mixtures- Table 3.1.
http://esis.jrc.ec.europa.eu/index.php?PGM=cla (accessed 03/2012)
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Hazard
Statement

Signal Words

Skin Sens. 1

Skin sensitizer, category 1

Aquatic
Chronic 2

Chronic hazard to the aquatic
environment, category 2

H225

Highly flammable liquid and vapour

H350

May cause cancer

H331

Toxic if inhaled

H311

Toxic in contact with skin

H301

Toxic if swallowed

H335

May cause respiratory irritation

H315

Causes skin irritation

H318

Causes serious eye damage

H317

May cause an allergic skin reaction

H411

Toxic to aquatic life with long lasting effects

DANGER

Implemented in the EU on 20 January 2009.
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Physicochemical Properties
CAS number

107-13-1

Molecular weight

53

Empirical formula

C3H3N

Common synonyms

2-Propenenitrile; Cyanoethylene; Vinyl cyanide

State at room temperature

Liquid

Volatility

Vapour pressure: 109mm Hg at 25°C

Specific gravity

0.8 at 25°C (water = 1)

Flammability

Flammable

Lower explosive limit

3.1%

Upper explosive limit

17.0%

Water solubility

Soluble in water, 74.5g L-1 at 25°C. Soluble in ethanol.

Reactivity

Highly reactive. Acrylonitrile polymerises violently under heating
and in the presence of light, causing risk of fire and explosion.
Reacts violently with strong acids and strong oxidants and
bases

Reaction or degradation
products

Releases toxic fumes including hydrogen cyanide and nitrogen
oxide when heated to decomposition

Odour

Faintly pungent

Structure

References(a,b,c)

a

Acrylonitrile (HAZARDTEXT® Hazard Management). In: Klasco RK (Ed): TOMES® System, Thomson
Micromedex, Greenwood Village, Colorado, USA. (electronic version). RightAnswer.com, Inc.,
Midland, MI, USA, Available at: http://www.rightanswerknowledge.com/data/dt/dt486.htm (accessed
01/2012)
b
The Merck Index (14th Edition). Entry 131: Acrylonitrile, 2006.
c
The Dictionary of Substances and their Effects. Ed. S Gangolli. Second Edition, Volume 1, 1999.
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Threshold Toxicity Values
EXPOSURE VIA INHALATION
ppm

mg m-3

16 - 100

35 - 220

230 - 921

500 - 2000

SIGNS AND SYMPTOMS

REFERENCE

Headache, fullness in the chest and
irritation of eyes, nose, throat and skin (20 –
45 minutes)
Presumed to be fatal (0.5 – 3 hour
exposure)

a
a

Note: Simultaneous exposure to organic solvents may significantly enhance toxicity.

a

International Programme on Chemical Safety. Environmental Health Criteria 28: Acrylonitrile. WHO,
Geneva, 1983.
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Published Emergency Response Guidelines
Emergency Response Planning Guideline (ERPG) Values(a)

ERPG-1*
ERPG-2**
ERPG-3***

Listed value
(ppm)
10
35
75

Calculated value
(mg m-3)
22
76
163

* Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing other than mild transient adverse health effects or
perceiving a clearly defined, objectionable odour.
** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing irreversible or other serious health effects or
symptoms which could impair an individual's ability to take protective action.
*** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing life-threatening health effects.

Interim Acute Exposure Guideline Levels (AEGLs)(b)

AEGL-1†
AEGL-2††
AEGL-3†††

10 min
4.6
290
480

30 min
4.6
110
180

ppm
60 min
4.6
57
100

4 hr
4.6
16
35

8 hr
4.6
8.6
19

† The level of the chemical in air at or above which the general population could experience notable
discomfort.
†† The level of the chemical in air at or above which there may be irreversible or other serious longlasting effects or impaired ability to escape.
††† The level of the chemical in air at or above which the general population could experience lifethreatening health effects or death.

a

American Industrial Hygiene Association (AIHA). 2011 Emergency Response Planning Guideline
Values
http://www.aiha.org/insideaiha/GuidelineDevelopment/ERPG/Documents/2011erpgweelhandbook_tabl
e-only.pdf (accessed 03/2012).)
b
U.S. Environmental Protection Agency. Acute Exposure Guideline Levels,
http://www.epa.gov/oppt/aegl/pubs/chemlist.htm (accessed 03/2012).
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Exposure Standards, Guidelines or Regulations
Occupational standards
LTEL (8 hour reference period): 2 ppm
(4.4 mg m-3)

WEL(a)
http://www.hse.gov.uk/

STEL (15 min reference period): No guideline
value specified

WEL – Workplace exposure limit; LTEL - Long-term exposure limit; STEL – Short-term
exposure limit

Public health guidelines
DRINKING
WATER QUALITY GUIDELINE

No guideline value specified

AIR QUALITY GUIDELINE(b)
http://www.who.int/en/

1 µg m-3 equates to an estimate of lifetime risk 2 ×
10-5

SOIL GUIDELINE VALUE AND
HEALTH CRITERIA VALUES

No guideline value specified

a

EH40/2005 Workplace Exposure Limits (second edition, published 2011).
http://www.hse.gov.uk/pubns/priced/eh40.pdf (accessed 03/2012)
b
Air Quality Guidelines for Europe. World Health Organization Regional Office for Europe,
Copenhagen WHO Regional Publications, European Series, No. 91, Second Edition, 2000.
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Health Effects
Major route of exposure(a)



Highly toxic by ingestion. Also toxic by inhalation and skin contact.
Oxidation of acrylonitrile forms 2-cyanoethylene oxide, which can undergo glutathione
conjugation to give metabolites which include cyanide and thiocyanate.

Immediate signs or symptoms of acute exposure(b)






Inhalation or oral exposure may cause headache, nausea, dizziness and anxiety
followed by confusion, drowsiness, tachycardia, palpitations and tachypnoea. In cases
of moderate toxicity there may be brief episodes of loss of consciousness,
convulsions, vomiting and hypotension.
In severe poisoning deep coma, fixed unreactive pupils, cardiovascular collapse,
respiratory depression, myocardial ischaemia, cardiac arrhythmias and pulmonary
oedema may develop. Profound sinus bradycardia or AV dissociation may occur in
pre-terminal patients. Cyanosis is often a late sign and may not occur, even in patients
with cardiovascular collapse.
Toxicity from skin exposure requires a large surface area to be affected. Onset of
toxicity may be delayed for several hours.

TOXBASE - http://www.toxbase.org (accessed 03/2012)
a
TOXBASE: Acrylonitrile, 2012.
b
TOXBASE: Cyanide – features and management, 2012.
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Decontamination and First Aid
Important Notes





Ambulance staff, paramedics and emergency department staff treating chemicallycontaminated casualties should be equipped with the Department of Health
approved, gas-tight (Respirex) decontamination suits based on EN466:1995,
EN12941:1998 and prEN943-1:2001, where appropriate.
Decontamination should be performed using local protocols in designated areas such
as a decontamination cubicle with adequate ventilation.
Flammability warning: prevent exposure to all sources of ignition such as naked
flames, electrical equipment, oxidising chemicals and the smoking of tobacco
products.

Dermal exposure(a)







Remove patient from exposure.
The patient should remove all clothing and personal effects.
Double-bag soiled clothing and place in a sealed container clearly labelled as a
chemical hazard.
Gently blot away any adherent liquid from the patient.
Wash hair and all contaminated skin with copious amounts of water (preferably warm)
and soap for at least 10-15 minutes. Decontaminate open wounds first and avoid
contamination of unexposed skin.
Pay special attention to skin folds, axillae, ears, fingernails, genital areas and feet.

Ocular exposure(a)




Remove patient from exposure.
Remove contact lenses if necessary and immediately irrigate the affected eye
thoroughly with water or 0.9% saline for at least 10-15 minutes.
Patients with corneal damage or those whose symptoms do not resolve rapidly
should be referred for urgent ophthalmological assessment.

Inhalation(a)







Remove patient from exposure.
Ensure a clear airway and adequate ventilation.
Give 100 % oxygen to symptomatic patients via a high flow mask with a rebreather
bag or endotracheal tube.
Monitor pulse, blood pressure, respiratory rate, oxygen saturation and cardiac
rhythm.
Correct hypotension by raising the foot of the bed and by giving an appropriate fluid
challenge. Treat brady and tachyarrhythmias appropriately.
Apply other supportive measures as indicated by the patient’s clinical condition.

TOXBASE - http://www.toxbase.org (accessed 03/2012)
a
TOXBASE: Cyanide – features and management, 2012.
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Ingestion(a)






Ensure a clear airway and adequate ventilation.
Give 100 % oxygen to symptomatic patients via a high flow mask with a rebreather
bag or endotracheal tube.
Monitor pulse, blood pressure, respiratory rate, oxygen saturation and cardiac
rhythm.
Correct hypotension by raising the foot of the bed and by giving an appropriate fluid
challenge. Treat brady and tachyarrhythmias appropriately.
Apply other supportive measures as indicated by the patient’s clinical condition.

This document from the HPA Centre for Radiation, Chemical and Environmental Hazards reflects
understanding and evaluation of the current scientific evidence as presented and referenced in this
document.
TOXBASE - http://www.toxbase.org (accessed 03/2012)
a
TOXBASE: Cyanide – features and management, 2012
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Acrylonitrile
Toxicological overview
Key Points
Kinetics and metabolism




Acrylonitrile is readily absorbed into the systemic circulation, following ingestion,
inhalation or dermal exposure
Acrylonitrile can undergo metabolism either by glutathione conjugation which yields
2-cyanoethylmercapturic acid or cytochrome P450 oxidation which yields 2cyanoethylene oxide, which can be further metabolised into cyanide
Acrylonitrile does not accumulate in the body, the majority of an absorbed dose is
excreted as metabolites in the urine 24-48 hours after exposure

Health effects of acute exposure






Acute inhalation of acrylonitrile can cause symptoms including nose and throat
irritation, nausea, dizziness, vomiting, ataxia and fatigue
A more severe exposure may cause tremors, collapse, convulsions, mild jaundice,
low grade anaemia and could possibly be fatal
Ingestion of acrylonitrile is not a common route of exposure, but similar health effects
would be seen to those resulting from inhalation
Dermal exposure of acrylonitrile may result in severe localised irritation, with pain,
blistering, erythema, itching, peeling and delayed healing
Acrylonitrile may be absorbed into the systemic circulation following a dermal
exposure, resulting in systemic toxicity similar to those observed following inhalation

Health effects of chronic exposure




Chronic occupational exposure to acrylonitrile may cause adverse health effects
including headache, insomnia, chest pains, fatigue, general malaise and irritability
Acrylonitrile is a skin sensitizer and repeated dermal exposure to low concentrations
may result in allergic dermatitis
Acrylonitrile is considered to be a possible human carcinogen

Prepared by J C Wakefield
CHAPD HQ, HPA
2007
Version 1
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Toxicological Overview
Summary of Health Effects
Acrylonitrile is an irritant and causes severe irritation to any tissues with which it may come
into contact [1].
Acrylonitrile is readily absorbed and can result in toxicity from all routes of exposure.
Exposure to acrylonitrile may result in systemic toxicity in addition to the local toxicity at the
site of contact [1].
Acrylonitrile poses a serious occupational inhalation hazard as it readily forms a high vapour
concentration at room temperature [2, 3]. An acute exposure to acrylonitrile by inhalation can
result in symptoms such as irritation of the nose and throat, nausea, vomiting, dizziness,
fatigue, ataxia, irritability and apprehension. A more severe exposure to acrylonitrile may give
rise to tremors, convulsions, collapse, mild jaundice, low grade anaemia and if the exposure
is sufficient, may be fatal [1-3].
Ingestion of acrylonitrile is not a common route of exposure. However, its ingestion may
cause similar symptoms to that observed following the inhalation of acrylonitrile vapours.
Additional symptoms that may be seen following acrylonitrile ingestion would include mouth,
throat and gastrointestinal tract irritation, abdominal pain and vomiting [1, 2].
Dermal exposure to acrylonitrile causes severe irritation, with symptoms of pain, blistering,
erythema, itching, peeling and delayed healing. Acrylonitrile may be absorbed through the
skin giving rise to systemic effects as observed following inhalation or ingestion. In some
susceptible individuals, dermal exposure to acrylonitrile can cause skin sensitisation leading
to the onset of allergic dermatitis [1, 2]. Ocular exposure to acrylonitrile may also result in
severe irritation of the eyes, with erythema and pain [2, 3].
Long term occupational exposure to acrylonitrile vapour can lead to adverse health effects on
the central nervous system, including headache, insomnia, chest pains, fatigue, general
malaise and irritability. Inhalation of acrylonitrile vapour has also been shown to reduce
haemoglobin, erythrocyte and white blood cell counts in individuals exposed over a long term
[1, 2].
There is no evidence to suggest that acrylonitrile causes any significant reproductive or
developmental toxicity in either humans or experimental animals [2].
There is sufficient evidence to suggest that acrylonitrile is carcinogenic to laboratory animals
and there is some evidence that it produces lung cancer in workers, but the International
Agency for Research on Cancer (IARC) consider this to be inadequate and overall classify it
as possibly carcinogenic to humans (Group 2B) [4]. Acrylonitrile is classified under the EU
system as a category 2 carcinogen, meaning that it is a substance which should be regarded
as if it were carcinogenic to humans.
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Kinetics and metabolism
Acrylonitrile is readily absorbed into the systemic circulation following exposure by inhalation
or ingestion. Following inhalation of acrylonitrile by humans, around 50% of an administered
dose of acrylonitrile is absorbed [5]. Acrylonitrile also undergoes extensive dermal absorption
following exposure to the skin, although at a much lower rate than following inhalation or
ingestion [1].
Acrylonitrile can undergo metabolism in humans by two main pathways: glutathione
conjugation and oxidation by cytochrome P450. The main product of glutathione conjugation
of acrylonitrile is 2-cyanoethylmercapturic acid (N-acetyl-S-(2-cyanoethyl)cysteine) [1, 5].
Oxidation by cytochrome P450 2E1 forms 2-cyanoethylene oxide, which can also undergo
glutathione conjugation to yield a series of metabolites which include cyanide and
thiocyanate [5]. Studies in which wild-type mice were administered 40 mg kg-1 acrylonitrile
were shown to form a maximum of 110 nmol of cyanide per gram in the liver (2.9 mg kg-1
cyanide) [6]. However, although it may play a role in the acute toxicity of acrylonitrile, the
formation of cyanide is not considered to be solely responsible for the toxicity of acrylonitrile
[7]. Acrylonitrile does not accumulate considerably in any organs, with the majority of the
absorbed compound excreted as metabolites in the urine 24 to 48 hours after exposure [1,
5].

Sources and route of human exposure
The main source of exposure to acrylonitrile is occupational, since it is primarily used in
industry, although individuals may be exposed to low concentrations of acrylonitrile from
some consumer products and cigarette smoke [5]. In occupations where acrylonitrile is used,
suitable personal protective equipment is recommended, to reduce the potential for exposure
[3, 8].
The major routes of exposure to acrylonitrile are by inhalation of vapours and dermal
absorption [1, 2, 5]. Acrylonitrile can also cause toxicity by ingestion. However, accidental
ingestion in the workplace is unlikely [2]. As acrylonitrile is an irritant, accidental exposure to
splashes of liquid or vapours may cause ocular irritation [2].
Acrylonitrile has also been detected in small amounts (much lower than occupational
exposure) in the air and water surrounding industrial plants involved with its manufacture or
use [1, 5]. Acrylonitrile has been detected in food which has been stored in containers
manufactured from plastics constructed with acrylonitrile, such as ABS (acrylonitrilebutadiene-styrene), however, the amount of acrylonitrile which can be present in packaging
for food has now been limited [9, 10].
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Health Effects of Acute / Single Exposure
Human Data

General toxicity
Acrylonitrile is an irritant, causing severe irritation with any tissues which it may come into
contact with. Acrylonitrile is toxic by all routes, is readily absorbed and causes systemic
toxicity in addition to local toxicity [1].
One of the metabolites of acrylonitrile in the body is cyanide, and as such, the toxicity of
acrylonitrile on the central nervous system shares some characteristics with those observed
in cases of cyanide poisoning [5]. The formation of cyanide in the body is not however, solely
responsible for the toxicity of acrylonitrile [7].
The UK workplace exposure limit for a long term (8 hour) exposure to acrylonitrile is 2 ppm
(4.4 mg m-3) [11].
Inhalation
Acrylonitrile readily forms a vapour at room temperature and is toxic by inhalation. As such,
exposure to acrylonitrile poses a serious inhalation hazard [2, 3].
Some common symptoms of inhalation exposure to vapours of acrylonitrile include irritation
of the nose and throat, headache, nausea, dizziness, fatigue, diarrhoea, vomiting, ataxia and
feelings of fullness in the chest, nervous irritability and apprehension. More severe exposure
to acrylonitrile by inhalation can lead to tremors, mild jaundice, convulsions, collapse, low
grade anaemia and possibly death [1-3].
Ingestion
Ingestion of acrylonitrile is not a common route of exposure, with no reports of acrylonitrile
ingestion in humans being available. However, it is expected that oral exposure would give
rise to similar symptoms to those experienced following inhalation of acrylonitrile vapour.
Acrylonitrile is an irritant and as such, additional symptoms of oral exposure to those from
inhalation be expected to include irritation of the mouth, throat and gastrointestinal tract with
abdominal pain and vomiting [1, 2].
Dermal / ocular exposure
Dermal exposure to acrylonitrile causes severe irritation at the point of contact, with
erythema, blistering, itching, pain, peeling, and delayed healing. Acrylonitrile may be
absorbed through the skin and sufficient dermal exposure will give rise to systemic effects as
observed following inhalation of acrylonitrile vapour. Dermal exposure to acrylonitrile may
lead to the onset of allergic dermatitis in some people [1, 2].
Ocular exposure to acrylonitrile liquid or vapours has also been observed to cause severe
eye irritation with erythema and pain [2, 3].
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Delayed effects following an acute exposure
In most cases, symptoms of acute acrylonitrile intoxication are resolved completely following
removal from exposure, with no long term sequelae [2].

Animal and In-Vitro Data

General toxicity
Acrylonitrile is a respiratory, skin and eye irritant. Signs of acute acrylonitrile toxicity in
laboratory animals include respiratory tract irritation and central nervous system disturbances
which exhibit some similarity with the effects of cyanide. Neurotoxicity may develop following
inhalation or ingestion. The neurotoxicity of acrylonitrile has two stages, the first of which
develops within 1 hour of exposure and is characteristic of cholinergic overstimulation, the
signs of which in rats are vasodilation, salivation, lacrimation, gastric secretion and diarrhoea
[5, 12]. The second stage of neurotoxicity develops more slowly at around 4 or more hours
after exposure with signs of CNS disturbances, such as tremor, ataxia, convulsions and
respiratory failure [5, 12]. Some other symptoms of acute acrylonitrile toxicity in rats include
respiratory irritation, superficial necrosis of the liver and haemorrhagic gastritis of the
forestomach [5].
Inhalation
The 4-hour LC50 for acrylonitrile inhalation in laboratory animals ranged from 300 – 900 mg
m-3 [5]. Rats, rabbits, dogs, cats and monkeys exposed to lethal concentrations of
acrylonitrile showed an initial stimulation of respiration, followed by ataxia, apnoea, vomiting,
convulsions, coma and death. Reddening of the skin and mucosa, lacrimation, nasal
discharge and salivation was also observed [1].
Ingestion
The oral LD50 for acrylonitrile in common laboratory mammals ranges from 25 to 186 mg kg-1
body weight [1, 5]. The acute toxicity of acrylonitrile by ingestion exhibits the same effects as
those seen with inhalation of acrylonitrile vapour. Acrylonitrile is irritating to the oesophagus
and stomach. Rats given an acute oral dose of acrylonitrile displayed haemorrhagic necrosis
of the forestomach [1]. Oral exposure of rats to acrylonitrile resulted in salivation, diarrhoea,
lacrimation, vasodilation and CNS depression [7]. Adverse effects on the liver, adrenal
glands and gastric mucosa have also been reported following acute oral exposure to
acrylonitrile [5].
Dermal
The dermal LD50 for acrylonitrile in a number of common laboratory mammals ranged from
148 to 693 mg kg-1 body weight [5]. Skin irritation has been reported when acrylonitrile was
applied to the shaved skin of rabbits, with local vasodilation and oedema observed after a 15
minute application. The effect was more severe as the duration of exposure increased, with
necrosis occurring following a 20 hour dermal exposure [5].
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Health Effects of Chronic / Repeated Exposure
Human Data

Inhalation
Long term occupational exposure to acrylonitrile by inhalation has been shown to give rise to
adverse health effects on the central nervous system such as headache, insomnia, chest
pains, general weakness, decreased working capacity, fatigue, general malaise and
increased irritability [1, 2]. Occupational exposure to acrylontrile has also been shown to
affect haematology, with reduced haemoglobin, erythrocyte and white cell counts in exposed
individuals [1].
Dermal
Acrylonitrile is a skin sensitizer, and occupational dermal exposure can cause an allergic skin
reaction in susceptible individuals. Following sensitisation, dermal exposure to even small
amounts of acrylonitrile (0.1%) can cause outbreaks of dermatitis, with symptoms of
erythema, oedema, rash and itching [2].
Genotoxicity
There is insufficient evidence to assess the genotoxicity of acrylonitrile in humans, as studies
have shown differences in the incidence of chromosomal aberrations in occupationally
exposed individuals [1, 2].
Carcinogenicity
There is some limited evidence to suggest that acrylonitrile induces lung cancer in
occupationally exposed workers, but results were inconclusive. The International Agency for
Research on Cancer (IARC) considered that there is inadequate evidence in humans for the
carcinogenicity of acrylonitrile and classify it as possibly carcinogenic to humans (Group 2B)
[4].
Reproductive and developmental toxicity
There is no information available regarding the reproductive and developmental toxicity of
acrylonitrile in humans [2]

Toxicological overview: Page 6 of 9

ACRYLONITRILE – TOXICOLOGICAL OVERVIEW

Animal and In-Vitro Data

Inhalation
A long term inhalation study in male and female Sprague Dawley rats exposed to 0, 20 and
80 ppm acrylonitrile for 6hr day-1, 5 day week-1 for 2 years, showed the presence of nonneoplastic histopathological changes in the central nervous system and inflammation of the
nasal turbinates in the treated groups [2, 5]. The pathological changes in the brain at the
highest concentration of acrylonitrile were most evident as focal gliosis and perivascular
cuffing. Histopathological examination also identified the early onset of chronic renal disease
in the groups treated with acrylonitrile at 20 ppm. The chronic renal disease was not visible in
the groups treated with 80 ppm acrylonitrile, as there was a significant and consistent
increase in mortality from days 211-240 to the end of the experiment for the male rats, and
from days 361-390 to the end of the experiment for the females [5].
Ingestion
A long term oral study in Sprague Dawley rats exposed to 0, 35, 100 and 300 mg litre-1
acrylonitrile in drinking water for 2 years gave rise to hyperplasia and hyperkeratosis of the
squamous epithelium of the forestomach in both males and females [5]. An increased
incidence of focal gliosis and perivascular cuffing was also noted following oral exposure to
acrylonitrile, which was also observed following inhalation [5].
Genotoxicity
Acrylonitrile has been shown to give rise to reverse mutations in the Ames test for gene
mutation in TA1535 and TA100 strains of Salmonella typhimurium, but only in the presence
of hamster or rat S9 microsomal fraction [5]. Examination for clastogenicity using metaphase
analysis and Chinese hamster ovary cells resulted in positive results both with and without
metabolic activation [1, 5]. The mutagenicity of acrylonitrile has also been investigated by
several studies using the mouse lymphoma L5178 TK+/- assay. Again, positive results were
generally obtained with or without an exogenous source of metabolic activation [5]. These in
vitro data clearly indicate that acrylonitrile has mutagenic potential.
Results from in vivo studies are less consistent and many have limitations precluding definite
conclusions from being drawn [1, 5]. Results from assays for clastogenicity in bone marrow
(metaphase analysis or micronucleus test) were inconclusive or negative, but in most cases
there was no indication as to whether acrylonitrile reached the bone marrow. Positive results
were obtained in a study of unscheduled DNA synthesis in the liver, but not in a separate
study. Negative or equivocal results were obtained in UDS assays using other tissues.
Positive results were obtained in a host mediated assay in which rats and mice were
administered acrylonitrile i.p. and the urine tested for mutagenicity using the Ames test. DNA
adducts have been reported in liver DNA following administration of acrylonitrile, however,
inconsistent result were obtained in other tissues [5]. These data are sufficient to assume
that acrylonitrile is an in vivo mutagen.
Carcinogenicity
The carcinogenicity of acrylonitrile has been fairly extensively investigated in the rat. An
increase in tumours of the central nervous system, Zymbal gland, tongue, stomach, small
intestine and mammary glands was observed in rats exposed to acrylonitrile either by
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ingestion or inhalation [1]. The International Agency for Research on Cancer has concluded
that there is sufficient evidence for the carcinogenicity of acrylonitrile in experimental animals
[4].
Reproductive and developmental toxicity
There is insufficient evidence from experimental animal studies to conclude that acrylonitrile
may cause reproductive or developmental toxicity. There is some evidence of fetotoxicity,
teratogenicity and embryotoxicity in the offspring of rats exposed during pregnancy to
acrylonitrile by inhalation or ingestion. However, these effects were only seen at doses that
produced significant maternal toxicity [2, 5].
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