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Introduction 
 
Over the past few years, Quebec has seen the introduction of new sports fields surfaced with artificial turf. 
This product offers many advantages over natural turf for playing outdoor team sports. It is more durable 
and allows for more hours of use on a high-quality surface. It is little affected by weather conditions, 
whereas overused natural turf has large areas of bare ground which become hard and dusty during dry 
periods or muddy during wet periods, and are therefore not as safe for the players. As a result, artificial turf 
fields are beneficial in promoting regular physical activity among youth.  
 
However, citizens and organizations in various countries have questioned the safety of certain materials 
used in the manufacture of these surfaces. To address this issue, many studies have been conducted by a 
large number of organizations – universities, public health institutes, sports federations, and manufacturers 
of artificial turf – to assess the potential impact of these materials on players’ health and on the 
environment.  
 
The City of Montreal now has more than thirty sports fields with artificial turf surfaces and is planning to 
build several more in the coming years. In fall 2007, it asked the Direction de santé publique (Public Health 
Branch – DSP) of the Agence de la santé et des services sociaux de Montréal (Montreal Health and Social 
Services Agency) to provide it with an opinion about the risks that the materials used in artificial turf could 
pose to human health. This evaluation focused solely on the toxicological risks of the chemicals contained 
in or emitted by artificial turf used for outdoor sports, although some of the information used came from 
studies on indoor artificial turf or aggregates used under children’s playground modules in parks. 
 
What is artificial turf? 
 
The first artificial turf in Quebec was installed in 1976 at the Centre Claude-Robillard in Montreal for the 
Olympic Games. It was a first generation turf consisting of a mat of very short synthetic fibres very densely 
woven into a canvas backing, and a resilient prefabricated cushion to absorb shocks, all sitting on a 
foundation of granular material, which is generally permeable or well drained. The second generation of 
artificial turf is composed of a mat of longer, less densely-spaced synthetic fibres woven into a canvas 
backing and filled with a thin layer of sand. First and second generation artificial turf are now hardly ever 
used for playing soccer since the advent of third generation surfaces in 19951,2. Unlike the first and second 
generations, they offer excellent performance for sports activities and are less abrasive on players when they 
fall (Figure 1). They are composed of a mat of longer and even less densely-spaced fibres, filled with small 
rubber granules or a mixture of rubber granules and sand, to a depth of about 4 cm. Aggregates give the turf 
an appearance and play performance similar to natural grass1. 

 
Source : http://www.bag.admin.ch/themen/chemikalien/00228/03458/index.html?lang=fr 

 
Figure 1. Third generation turf 

 
The fibres in first generation artificial turf may be made of nylon, whereas the fibres in second and third 
generation turfs are generally made of polyethylene (PE), polypropylene (PP) or polyamide (PA). They are 
in the form of monofilaments or are fibrillated to simulate natural blades of grass and to provide greater 
stability to filler aggregates1.  
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The materials used as the base for the mat layer are generally polyester or PP, partially reinforced with 
fibreglass. The inserted fibres are held in place by a second base made of latex or polyurethane (PUR)3.  
 
The main aggregates currently used in the mat layer of third generation turfs are made of rubber derived 
from recycled tires (SBRr – styrene-butadiene recycled rubber), since these are less expensive than other 
types of aggregates3. During recycling, the pieces of tire are shredded, the pieces of metal are removed from 
them using magnets, and the fibre is vacuum extracted. Dirt is removed by washing with water4. When only 
the rubber is left, it is mechanically ground at room temperature or at very low temperature so as to produce 
“cryogenic granules”, which have the advantage of having a better-defined diameter which limits the 
production of fine dusts3. The aerodynamic diameter of the granules generally varies from 0.5 to 3 mm over 
a given artificial turf (Figure 2)5. 
 

 
Source : http://www.nytimes.com/2007/10/28/nyregion/nyregionspecial2/28turfwe.html?_r=1&oref=slogin  

 
Figure 2. Artificial turf material with SBRr granules 

 
Many studies have been conducted to evaluate the chemicals in products from recycled tires and identify 
potential sources of these chemicals (Table 1). There are also EPDM (ethylene-propylene-diene monomer) 
aggregates produced from a synthetic rubber formed from ethylene terpolymers, propylene and diene, TPE 
aggregates formed from thermoplastic elastomer3 and recycled plastic aggregates manufactured from a 
single alkene monomer6.  
 
Table 1. Chemicals detected in products from recycled tires according to the different sources present 
during the manufacture of tires 
POTENTIAL SOURCES CHEMICAL SUBSTANCES DETECTED 

Metals 
Zinc oxide used as a vulcanization activator zinc 
Component of belts and steel bearings iron, manganese and chromium 
Catalyst for rubber synthesis barium 
Volatile organic compounds (VOCs) 
Used in the production of antioxidants methyl isobutyl ketone (MIBK) 
Carbon black used as a raw material naphthalene 
Process oils used as softeners toluene, benzene, acetone, MIBK 
Semi-volatile organic compounds (SVOCs) 
Process oils used as plasticizers and softeners polycyclic aromatic hydrocarbons (PAH) 

Used as vulcanization accelerators and to bind the metal to the rubber benzothiazoles 

Added to tires to inhibit rubber degradation aniline 
Process oils used as softeners or treatment with formaldehyde phenol phenol 
Used to inhibit vulcanization during tire production and decomposition of 
the end product  

diphenylnitrosamine/dimethylnitrosamine 

Source: Information from the OEHHA, 2007, collated by TRC, 20087. 
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Methodology used to assess toxicological risks associated with 
materials in artificial turfs 
 
The majority (88%) of the approximately thirty artificial turfs in the City of Montreal are third generation, 
with polyethylene (PE) fibres and SBRr or SBRr/sand aggregates. Therefore, our assessment of health risks 
for players focused on these materials.  
 
We evaluated data from the scientific literature concerning the health risks of artificial turf materials in three 
ways. 
 

 First, we identified the measured concentrations of chemicals associated with artificial turf material 
to compare them with various threshold limit values established to protect the health of the general 
population (threshold limits for concentrations in materials, concentrations discharged into water 
by the materials in the laboratory and in the field, concentrations emitted into the air in the 
laboratory and those measured in outdoor air or indoor air in gymnasiums). These comparisons 
allow us to assess the risks that these substances could pose to people who engage in sports 
activities on outdoor artificial turf. 

 Second, we reviewed and evaluated the results of toxicological risk analyses for users of artificial 
turf conducted by various recognized agencies. 

 Finally, we reported the findings of the ministries of public health and the environment in several 
countries regarding the potential health risks of the chemicals associated with artificial turf for 
users and their recommendations regarding the use of the various materials in the manufacture and 
installation of artificial turf. 

 
The studies selected are from both North America and Europe. Although none of the chemical analyses 
reported in these studies was conducted using materials taken in Montreal, we believe their results apply to 
the artificial turf in the City of Montreal since the base materials are the same, they come from the same 
major suppliers, and they are often manufactured by the same companies, most of which are based outside 
Quebec. Despite the variation observed in the concentrations reported by the various studies, our assessment 
and the toxicological risk assessments carried out by various authors have generally considered the highest 
concentrations measured. 
 
 
Results1 
 
The various studies chosen for our analysis presented or used the concentrations of a number of chemicals 
associated with artificial turf. Table 2 shows the major categories. 
 

                                                             
1 This is a summary of the results taken from our review of the scientific literature. All the data can be seen in our full report at: 
http://www.santepub-mtl.qc.ca/Publication/pdfenvironnement/gazonsynthetique.pdf8. 
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Table 2. Classes of chemicals evaluated 
Group Class Examples of subclasses or substances 

essential elements chromium, manganese, zinc 

heavy metals arsenic, cadmium, lead 

Metals 

other barium, iron 

total compounds total hydrocarbons, TVOC, TSVOC 

aliphatic hydrocarbons alkanes (butane, propane, pentane), alkenes (butadiene, 
propylene) 

aromatics benzene, toluene, ethylbenzene, xylene, alkylbenzene, 
alkyltoluene 

aldehydes acetaldehyde, formaldehyde 

ketones MEK, MIBK, 

alcohols 2-butoxyethanol 

chlorinated hydrocarbons trichloromethane, trichloroethene 

Volatile organic compounds  

volatile PAHs naphthalene, methylnaphthalene 

nitrogenated 
hydrocarbons 

aniline, nitrosamine, benzothiazole 

phthalates BBP, DBP, DEP, DEHP, DIDP, DINP, DMP, DOP 

phenols 4-t-octylphenol, iso-nonylphenol 

Semi-volatile organic 
compounds 

Other BPC 

carcinogenic PAHs benzo(a)pyrene, benzo(a)anthracene Polycyclic aromatic 
hydrocarbons non-carcinogenic PAHs acenaphthene, fluoranthrene, phenanthrene, pyrene 

 
 
Measured concentrations of chemicals associated with the materials 
 
We selected a number of scientific studies that measured the concentrations of chemicals associated with 
artificial turf materials in North America and Europe2,5,9,10,11,12,13,14,15,16,17,18,19, 20,21,22,23,24,25,26,27,28,29,30,31,32,33,34. 
A comparison of the results of these measurements with various limit values established to protect health is 
provided in Table 3. 
 
Table 3. Summary of the comparison between concentrations of chemicals associated with the 
materials and the selected limit values 
Chemical class  Results 
 
Metals 
 

 
Analyses of metals identified a slightly more pronounced presence of chromium, 
cobalt and lead in some materials; however, these metals are not mobilized by 
rainwater or emitted into the air. In the United States, one measurement of the 
concentration of lead in the dust from an artificial turf with nylon fibres appeared 
to be high, while other measurements of the amount of lead on the surfaces of the 
same type of turf fell within the limit values set by the United States 
Environmental Protection Agency for indoor surfaces in residences (floors and 
window sills) inhabited by children2. Finally, concentrations of zinc measured in 
all the materials are also higher; this metal can be mobilized in water during 
experiments in the laboratory, but to a far lesser degree in rainwater on the fields 
themselves. However, this metal has low toxicity for humans, and the 
concentrations measured in water are generally below the threshold limit allowed 
for drinking water in Canada. All risk assessments indicate that toxic metals are 
not a significant risk to human health, although some warnings have been issued in 
relation to the potential impact of zinc on the environment. 
 

 
Volatile organic 
compounds (total 
volatile compounds, 

 
Various organic compounds are found in these materials since they are 
manufactured from petroleum (plastic and rubber). These organic compounds may 
be mobilized in water in the laboratory using “aggressive” extraction methods, but 

                                                             
2 As we will see in Table 4, the U.S. Center for Disease Control and Prevention (CDC) has recommended that the lead in dust from 
first generation turf be measured only when the nylon fibers are worn and in poor condition and when they contain visible dust. When 
we visited the only sports field in the City of Montreal that has nylon fibers in its artificial turf, we found that the very short, sand-filled 
fibers in this third generation turf are in good condition and do not contain visible dust. 
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aromatic compounds, 
aldehydes, ketones, 
chlorine-containing 
compounds)  
 
 
 

very little is mobilized in rain water on the fields themselves. Volatile organic 
compounds may also be emitted into the air by the various materials; their 
concentrations, measured in the form of total volatile organic compounds (TVOC) 
may be sufficiently high in the air in some gymnasiums to cause discomfort and 
the perception of odours for some people, but they are much too low to have 
adverse effects on the health of players. Moreover, these levels are frequently 
observed in indoor air in other environments such as homes, schools and offices. 
Concentrations measured in outdoor air over fields with artificial turf have been 
shown to be similar to background levels.  
 

 
Semi-volatile organic 
compounds 
 
 
 
 

 
A number of measurements of various semi-volatile organic compounds 
(SVOCs) were carried out on materials from artificial turf (phenols, alkylphenols, 
PCBs, amines, nitrosamines, benzothiazoles, phthalates). The concentrations 
measured in the materials were generally low; where they were somewhat higher 
in certain materials (some alkylphenols, aniline and benzothiazoles), the levels 
measured in the water or indoor air in gymnasiums were very low. Nitrosamines 
were not detected in outdoor air above artificial turf. 
. 

 
Polycyclic aromatic 
hydrocarbons 
 
 
 
 

 
The presence of polycyclic aromatic hydrocarbons (PAHs) in SBRr aggregates 
is very high due to the use of aromatic petroleum oils as plasticizers and softeners 
during the manufacture of tires. They are detected in these aggregates but little is 
found in water when extractions are done in the laboratory, since they are usually 
not very soluble. The concentrations measured in the air of indoor gyms with 
SBRr aggregates may exceed average concentrations measured in outdoor air and 
occasionally approach the maximum concentrations measured in outdoor air in 
Montreal when air quality is poor. Naphthalene and methylnaphthalene represent 
over a third of PAHs measured in indoor air because of their higher volatility. 
However, concentrations of PAHs measured in air above a field surfaced with 
outdoor artificial turf are similar to the average concentrations measured in 
outdoor air in Montreal. 

 
Several researchers have raised questions about the possible link between the presence of allergens 
associated with SBRr aggregates (latex and additives) on the one hand, and respiratory allergic reactions 
and player contact on the other7,14,23,24,25,35,36. Some data suggest that this link is rather weak: latex allergens 
are probably destroyed during tire vulcanization; animal tests on sensitivity to SBRr aggregates have come 
out negative and no increase in cases of latex allergy has been observed in people living near major roads 
where airborne dust contains rubber from vehicle tire wear. However, the authors point out that we cannot 
exclude the possibility that people who have already become sensitized through contact with rubber 
aggregates will develop an allergy or experience allergic symptoms. It should be noted that the population is 
already in contact with many products made of rubber in their environment (shoe soles, gloves, some types 
of balloons). 
 
 
Results of toxicological risk analyses 
 
In the literature we identified seven toxicological risk assessments carried out by recognized organizations 
that have considered various chemicals, various routes of exposure and toxicological reference 
values14,24,25,37,38,39. All these analyses indicate that exposure to chemicals while engaging in sports 
activities on artificial turf is low and that the risks to players’ health are not a concern. Although there 
are some differences among the approaches to risk assessment used in these studies and the approach 
generally used in Quebec, we agree with their conclusions, particularly since inhalation exposure data used 
in these studies are derived from a study conducted indoors in gymnasiums, where exposure levels will be 
considerably higher compared to players who engage in their sport outdoors. This study also showed that 
TVOC concentrations measured in indoor air in three gymnasiums in Norway with SBRr aggregates2,3 were 
within the range of concentrations measured in indoor air in various other environments (homes, offices and 
schools)40,41. 
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Positions of government agencies  
 
Table 4 shows the positions of various government agencies regarding the toxicological risks associated 
with artificial turf materials, both in North America and Europe. 
 
Table 4. Positions of various agencies regarding the toxicological risks associated with materials in 
artificial turf 
 
NORTH 
AMERICA 

 
• The New Jersey Department of Health and Senior Services42 recommended the 

closure of three sports fields because the concentrations of lead found in the nylon 
fibres in the first generation artificial turf and the dust in one of the fields were 
considered to be high. 

• The New York City Department of Health and Mental Hygiene43 considers it to be 
unlikely that low levels of exposure to the various chemicals measured in artificial 
turf have any effects on the health of players. The agency tested nylon fibres from a 
number of artificial turfs, measuring the amount of lead in the dust in µg/sq. ft. rather 
than the concentration of lead in the dust in µg/g. Since the values found fell within 
the allowable limits for residential surfaces (floors and window sills) set by the U.S. 
EPA44, it considers that these sports fields can continue to be used by the players in 
spite of the relatively high concentration of lead measured in the fibres themselves. 

• The CDC45 and its agency the ATSDR consider it appropriate to measure the 
concentration of lead in the dust from artificial turf with nylon or nylon/PE fibres 
only where the turf is damaged and contains visible dust, in order to rule out the 
presence of any (non-essential) lead. 

• The Connecticut Department of Public Health46 believes that based on the data 
available, the public health risks associated with the chemicals in artificial turf 
materials appear to be low. It considers sources of exposure not related to artificial 
turf materials to be more significant than those associated with artificial turf. 

• The OEHHA25 conducted an assessment of the health risks associated with SBRr 
aggregates under playground modules and found that the risk levels were below the 
levels generally considered acceptable. However, this agency has not issued a 
position regarding the use of SBRr aggregates. 

 
 
EUROPE 

 
• The Norwegian Institute of Public Health and Radium Hospital24 consider that the 

use of artificial turf (indoors in gymnasiums) with recycled rubber aggregates shows 
no evidence of posing a major health risk. However, they recommend that SBRr 
aggregates not be used in new indoor gymnasiums. 

• The Swiss Confederation’s Office fédéral de la santé publique (Federal Bureau of 
Public Health)26 concluded that the results of studies conducted in Sweden, Norway 
and Germany showed that playing on artificial turf with SBRr aggregates posed no 
particular health risks. 

• Keml16, an agency of Sweden’s Ministry of the Environment, recommended that 
aggregates from recycled tires not be used in the construction of new artificial turf 
fields because of the chemicals they contain. However, it considers that the SBRr 
aggregate in existing fields need not be replaced as long as it remains in good 
condition because the health and environmental risks associated with these materials 
are low. 

 
 
 
Conclusion 
 
In light of all the information gleaned from the scientific literature, it appears that the health risks for 
players who use artificial turf are not significant and that it is completely safe to engage in sports 
activities on this type of outdoor field. Although metal analyses have identified the presence of chromium, 
cobalt and lead in certain materials, these metals are not mobilized by rainwater or emitted into the air. 
Moreover, although zinc concentrations measured in all the materials were higher, zinc has low toxicity in 
humans and the concentrations measured in water are generally below the limit value for drinking water in 
Canada. The concentrations of organic compounds (volatile and semi-volatile compounds and polycyclic 
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aromatic hydrocarbons) do not exceed the limit values established to protect human health. The various 
toxicological risk assessments carried out by recognized agencies indicate that health risks for players are 
not a concern. It should be noted that the small number of countries that have chosen to avoid SBRr 
aggregates in the construction of new artificial turf fields still believe that the health risks associated with 
these materials are very low and state that their choice is based solely on environment objectives. 
 
In the course of our review of the scientific literature, we found that surface temperatures and temperatures 
measured in the ambient air above artificial turf on very hot days could reach significant levels and add to 
the thermal stress experienced by players engaging in intense sports activities such as soccer. It would be 
useful to document this problem on the outdoor fields in Montreal, evaluating the thermal loads on players 
under various conditions as well as carrying out measurements on the materials. 
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