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SUMMARY
Objectives: Acrylamide is a toxic compound that can be found it both occupational and non-occupational environments. This study focuses on 

its sources and health effects of its exposure.
Methods: Adverse effects of acrylamide, especially carcinogenic, genotoxic, and teratogenic were reported in many studies conducted on 

animals. Neurotoxicity was reported in workers exposed to acrylamide in the occupational environment. Another important source of populations’ 
exposure to acrylamide is their nutrition. 

Results: This study focuses on humans’ exposure to acrylamide from various sources and its harmful effects on their health.
Conclusions: Dietary intake of acrylamide, as well as occupational exposure, cigarette smoking, cosmetics usage and other environmental 

sources could have a significant effect on human health.
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INTRODUCTION

Acrylamide (ACR) is well-known chemical compound, widely 
used in many countries. It has been largely produced in Japan, the 
USA and in Europe from 1990 (1). In 1995, the total production 
in the European Union was between 80,000 and 100,000 tons. 
In 2008, in the United States the production of acrylamide was 
about 141,000 tons (2‒4). Most of this amount is used for the 
production of polyacrylamide made for different purposes (1).  

ACR is often used in constructions as a waterproof material 
to seal and ground foundations of dams and tunnels, in paper 
production, as an additive into cosmetics, in laboratories for elec-
trophoresis, and in the textile industry for dye dispersion (3, 
5‒7). Polyacrylamide is non-toxic, but its monomer acrylamide 
has some toxic effects and should only be present as a residue of 
polyacrylamide. ACR monomer can be released to the environ-
ment during production and industrial use of polyacrylamides (4).

Acrylamide is a polar compound, with a high mobility in soil 
and water. It does not accumulate in the soil, from which it can be 
rapidly eliminated. Polyacrylamide is biodegradable (8). Presence 
of ACR in the environment is associated with the degradation of 
polyacrylamide, e.g. degradation of building materials etc. En-
vironmental conditions such as heat or light, or even outdoor ex-
posures except pH, promote depolymerization of polyacrylamide 
to acrylamide (9). Because of the potential risk of environmental 
contamination, the usage of acrylamide in cosmetics, in drinking 
water preparation and in packaging materials for foodstuffs is 
regulated (2‒4, 10). ACR is also used as flocculant during clean-
ing processes of wastewater treatment and preparation of drinking 
water (11, 12). The residue of its monomeric form can be present 
as contaminant in drinking water. Moreover, ACR was identified 

in some foodstuffs cooked at high temperature, above 120 °C as 
a result of Maillard reaction (10, 13, 14). The concentration of 
acrylamide in various types of food depends on the composition 
of the food, cooking method, heating temperature, and the length 
of the heating process (baking, frying, and grilling) (4). ACR has 
also been identified in food products dedicated to farm animals 
prepared in similar conditions, with high-temperature techno
logy and drying (15), presence of it is expected in various feed 
for livestock (15). 

Risk for Human Health 
ACR is toxic and potentially danger chemical compound. 

Neurotoxicological effects of ACR were reported by many 
authors (16).

In 1994, the International Agency for Research on Cancer 
(IARC) classified acrylamide as probably carcinogenic to humans, 
group 2A (17). Since 1980 a number of animal studies have also 
showed its genotoxicity and teratogenicity (16). In laboratory, 
animals such as rodents, Guinea pigs, rabbits, cats, and dogs 
were daily exposed to ACR (0.5–50 mg/kg per day), and the 
neurological effects occurring in them were similar to the ones 
observed in humans (18).

Other studies have shown that exposure to ACR increases the 
incidence of cancer in rats at an acrylamide dose of 1–2 mg.kg-1 
of body weight (b.w.) per day (5). Friedman reported three ma-
jor adverse effects in animals: neurotoxicity, teratogenicity and 
carcinogenicity (5). 

In addition to neurotoxic, genotoxic, carcinogenic, mutagenic, 
and teratogenic effects, the damage on reproductive functions 
have been proved (19). 
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ACR is a biological alkylating agent that binds to DNA as 
well as to essential proteins and enzymes, causing chromosomal 
and therefore genetic mutations in both, somatic and germ cells. 
Worldwide, the effects of ACR have been intensively studied 
for a long period, not only in relation to the potentially harmful 
effect in occupationally exposed workers but also in relation to 
its occurrence in daily life.  

Due to its harmful effects and the chronic dietary exposure 
of the population to ACR, limiting the usage and monitoring of 
levels ACR in foodstuffs as well as its effects on human health 
ranked amongst the priorities of authorities such as the World 
Health Organization (WHO), the European Food Safety Authority 
(EFSA), the Food Agriculture Organization (FAO), and others. It 
is therefore important to identify all sources of exposure to ACR 
and to establish a safe daily exposure to ACR for humans.

MATERIALS AND METHODS 

The main sources of human exposure to ACR are their working 
environment, diet, smoking habits, and other sources.

Sources of Exposure in Occupational Settings  
There are many reported cases of neurological disorders among 

workers who were exposed to acrylamide containing grouting 
agents and other materials (20).

ACR entry route in exposed workers is through dermal absorp-
tion, inhalation of dry ACR monomer or aerosol in the manufac-
turing, and applications of acrylamide or polyacrylamide prepa-
ration. Workers were occupationally exposed during application 
e.g. grouting agents to cracks in concrete to protect and prevent 
water seeping into floors, roofs, and walls (20). Two cases of 
neurological symptoms, reduced sensory functions and strength, 
weakness in the legs, and skin peeling after occupational exposure 
to grouting agent were reported by Kim et al. (20). Workplace 
exposure to acrylamide through dermal contact and inhalation of 
dust or vapours can lead to the neural toxicity and dermatitis (20). 
Harmful effects on workers were reported by other authors (21). 
The American Environmental Protection Agency (EPA) issued 
a warning in 1987 regarding the hazards of airborne exposure and 
dermal contact with acrylamide during chemical grouting work. 
The European Union (EU) has also recommended limiting the use 
of these agents. According to legislation in the Czech Republic 
(CR) and EU Directive No. 2017/2398 the current limit of expo-
sure to acrylamide in the occupational environment is 0.1 mg.m-3  
in the working atmosphere (22). 

Sources of Exposure from Food
A significant source of non-professional exposure for popula-

tion to ACR is heat-treated food. Tareke et al. reported relatively 
high levels of acrylamide in heated commercial foodstuffs and 
in foods cooked at high temperature, especially in carbohydrate 
rich foods (23, 24). Thus he pointed to a significant source of 
exposure of population to the ACR from heat treated foods. 
ACR is included in the list of process contaminants that occur 
in foodstuffs (carbohydrates rich food) as a result of the reaction 
between main components of food (carbohydrates and proteins) 

by the heating treatment known as Maillard reaction (10, 15, 17). 
These widely publicized findings led to worldwide studies on  
determination of acrylamide levels in food from the naturally oc-
curring substances (5). From 2002, many authors published their 
results of ACR analysis in various types of foodstuffs prepared 
under different technological conditions (25). The highest amount 
of ACR is formed by Maillard reaction in raw products with high 
content of asparagine and glucose when heated to 180 °C (5). How-
ever, no acrylamide was found in unheated or boiled foods (24).

Sources of Exposure from Drinking Water 
In some cases, the general public can be exposed to ACR 

from drinking water, especially in the case of treatment of public 
drinking water sources using polyacrylamide as a flocculant 
(26). The burden on the population drinking water from public 
sources using polyacrylamide as a flocculant for treatment is 
approximately 0.0036 µg.kg-1 b.w. per day but can be as high as 
0.11 µg.kg-1 b.w. per day (27). In the Czech Republic, the amount 
of ACR is limited to 0.1 µg.L-1 in water. This limit is valid not 
only in the CR but, also in the European Union (12).  Using 
a comparison of the food consumption and drinking water, the 
authors of many studies predicted that the ingestion of acryla-
mide with food may be much higher than with water (28).

Sources of Exposure from Smoking Cigarettes 
Cigarette smoke contains a large number of organic toxic 

substances including carcinogens. 
Tobacco smoke is another important source of exposure to 

ACR in smokers in addition to dietary intake (29). There are, 
however, only a few studies about the content of ACR in to-
bacco smoke. Significant differences in the acrylamide content 
in cigarettes available on the markets in different countries were 
noted. There are three possible mechanisms of acrylamide 
formation in tobacco: the reversible reaction of ammonia with 
acrylic acid, the reaction of asparagine with reducing sugars and, 
the acrylamide formation from acrolein (29). All these chemical 
reactions are possible mechanisms of acrylamide formation in 
food, too. The presence of all ACR precursors is indicated in 
tobacco and in tobacco smoke as well (30). The levels of acryla-
mide in raw tobacco are lower than in cigarette smoke. Some 
authors confirmed that acrylamide is created in the process of 
cigarette smoking. According to the Mojska et al., the average 
content of acrylamide is 679.3 ng per cigarette with a range of 
455.0−822.5 ng per cigarette. The estimated average exposure 
to acrylamide from tobacco smoke in adult smokers in Poland is 
0.17 μg.kg-1 b.w. per day (29). A study by Madle et al. reported 
an average content 1.2 μg of acrylamide per one cigarette (1). 
The authors reported that smoking on average 20 cigarettes per 
day correlates to the body being exposed to acrylamide intake 
of 0.5 μg.kg-1 b.w. per day (29). 

From some preliminary studies it seems that ACR has adverse 
effect to thyroid. From the beginning of the nineties we can find 
the increasing incidence of cancer of thyroid in many countries 
especially those from well developed world. So, the cohort study 
was established whether the observed excess of thyroid cancer is 
associated with the exposure to acrylamide. It is not clear to what 
extent the amount of acrylamide present in cigarette smoke and/or  
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food contributes to the aetiology of human cancers (5). Accord-
ing to the EFSA statement, acrylamide is present in tobacco 
smoke, which is, therefore, a non-dietary source of exposure for 
both smokers and non-smokers (through passive smoking). 
For smokers, tobacco smoking is a more prominent source of 
acrylamide exposure than food (7).  

Sources of Exposure from Cosmetics 
Prohibited substances in cosmetics refer to substances which 

must not be among the raw ingredients of cosmetic products. 
These substances can be absorbed mostly through the skin, 
as well as via the lung and the gastrointestinal tract. The use 
of acrylamide in cosmetic products represents a considerably 
significant burden on the population from their usage. The origi-
nally authorized amount of 100 mg.kg-1 cosmetic product was 
limited to a level < 0.5 mg.kg-1 due to ACR toxicity. Daily ex-
posure from cosmetics decreased to 0.7 μg.kg-1 b.w. per day (1). 

RESULTS AND DISCUSSION

Due to its toxicity, negative impact on human reproduction 
system and long term chronic burden of population, ACR is 
monitored in relation to damage to human health. 

Acrylamide and its metabolite, glycidamide, are both genotoxic 
and carcinogenic compounds. Tolerable daily intake (TDI) due 
to its genotoxicity, and mutagenicity is not established. Since 
any level of exposure to a genotoxic substance could potentially 
damage DNA and lead to cancer, EFSA scientists conclude that 
they cannot set a tolerable daily intake of acrylamide in food.

Risk to the Population
The margin exposure limit (MOE) of 0.2 mg.kg-1 b.w. per 

day,  calculated from the no-observed-adverse-effect level 
(NOAEL) for the most sensitive noncarcinogenic effects, morpho-
logical changes in nerves, and detected by electron microscopy in 
rats, therefore, remains unchanged. EFSA experts concluded that 
for these effects, current levels of dietary exposure are not a health 
concern, although for toddlers and children with high dietary ex-
posure the MOE is close to the values that might be of concern (7). 
The issue of acrylamide and its effects on human health is being 
dealt with by world institutions and authorities such as the WHO, 
the FAO, the Joint Institute for Food Safety and Applied Nutrition 
(JIFSAN), and more. The results and new pieces of knowledge are 
updated and published. These data are important for the estimation 
of risk for the population as well as for establishing safe levels for 
foodstuffs or changes in their preparation methods. EFSA experts 
stated that ACR in food is a processed contaminant (7). Based on 
the findings of the calorie content of the U.S. diet, the risk assess-
ment suggests that up to 40% of all foods contain acrylamide (5).  
Friedman published that children may be more at risk than adults 
since the amount of ACR consumed per kilogram of body weight 
is more important (5). 

The epidemiologic evaluations of cancer risk in workers, 
which were occupationally exposed to ACR, were published 
from 1980. Two cohort studies of workers professionally exposed 
in the industry were reported, but no consistent results of ACR 

exposure and cancer incidence were found (31). In another study, 
laboratory workers were exposed to airborne acrylamide used in 
the preparation of polyacrylamide gels for laboratory analysis. 
In this study, the working air concentrations for the calculated 
8-hour time weighted average of exposure were below of current 
occupational exposure limit as a result of short-time exposure 
to this compound (32). On the other hand, the workers in whole 
shift exposure were exposed to a long-term load of ACR. ACR 
metabolite, glycidamide, alkylates the proteins and can form 
adducts with haemoglobin. Detoxification of the organism is 
possible due to glutathione, by conjugation with glycidamide, 
and excretion as a mercapturic acid to urine. This metabolite 
can be used as marker of human exposure to ACR (5). Some 
authors reported that acrylamide is frequently used in Korea 
for grouting works. It does not appear to be of significant inter-
est in the prevention of its use or its effects on worker‘s health 
(21). Determination of the haemoglobin adducts is useful as it 
is a significant marker for risk assessment in human exposure to 
ACR (33). Therefore, it is useful to monitor human exposure to 
acrylamide from dermal contact, diet, drinking water, smoking, 
and the workplace.    

CONCLUSIONS

Dietary intake of ACR in developed countries due to the 
consumption of favourite foodstuffs, drinking water, and cos-
metics usage is not negligible. A combination with occupational 
exposure could have a significant effect on the human health. 
The risk is much higher in smokers. The most vulnerable are 
smokers who are professionally exposed to ACR. This situation 
can be more complicated when the dietary intake of ACR from 
processed foodstuffs is combined with the other potentially toxic 
compounds, contaminants in food such as mycotoxins, residuals 
of pesticides, or some additives, naturally occurring compounds 
as well as some groups of drugs used for treatment.
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