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Key Messages 
• Artificial turf playing fields are in demand due to their playability and durability. However, 

there are concerns about the health and environmental impacts of artificial turf, including 
chemical exposure, heat exposure, and microplastic release.  

Chemical composition 

• Styrene-butadiene (SBR) crumb rubber is used as cushioning infill in most modern artificial 
turf playing fields and contains metals, polycyclic aromatic hydrocarbons (PAHs), volatile 
and semi-volatile organic compounds (VOCs/SVOCs), phthalates, and other additives. The 
fibres and backing of artificial turf typically contain lower levels of these chemicals but 
contain per- and polyfluoroalkyl substances (PFAS). 

• Alternative infills such as thermoplastic elastomers (TPE) and ethylene propylene diene 
monomer (EPDM) typically contain lower concentrations of metals, PAHs, and VOCs 
compared with crumb rubber. 

Understanding health risks 

• Several human health risk assessments (HHRAs) of crumb rubber were published between 
2014 and 2025. Most well-conducted HHRAs concluded that average exposures to crumb 
rubber were below levels of concern for cancer and non-cancer endpoints. 

• Although data are limited, studies suggest that TPE and EPDM infills have lower levels of 
metals, PAHs, and VOCs than crumb rubber, indicating likely reduced health risks. Fibres 
and backing generally have similar or lower contaminant levels and likely present low health 
risks. 

• Epidemiological evidence on artificial turf is very limited. Two studies investigated the 
relationship between artificial turf playing fields and cancer incidence, but neither reported 
an association 

• Compared with natural turf, some studies show that abrasion is more common on artificial 
turf, and there may be increased risk of lower leg injuries. 

• Surface temperatures are far higher for artificial turf (range: +9.4 to +33.7°C), but the health 
risks have not been assessed adequately.  

Environmental concerns  

• A review of environmental concerns underscores that further evidence is needed to fully 
understand leaching of metals, PAHs, VOCs, PFAS, and microplastics from artificial turf into 
the surrounding environment and waterways.  
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Key acronyms 
6PPD: N-(1,3-dimethylbutyl)-N′-phenyl-p-phenylenediamine 

ECHA: European Chemicals Agency 

EPDM: ethylene propylene diene monomer  

HHRA: human health risk assessment 

PAH: polycyclic aromatic hydrocarbon 

PFAS: per- and polyfluoroalkyl substance 

SBR: styrene-butadiene  

SVOC: semi-volatile organic compound 

TPE: thermoplastic elastomer 

VOC: volatile organic compound 

Introduction 
Access to outdoor recreation spaces, including playing fields that are safe and inclusive, is essential to 
promote physical activity, social connection, and mental well-being among people of all ages.1-3 

• Artificial turf may also reduce rainfall permeability, exacerbate urban heat islands, and 
impact the health of surrounding trees. Urban greening with natural turf can offer greater 
co-benefits for biodiversity and climate change mitigation and adaptation. 

Mitigation strategies 

• Human exposure to chemicals from artificial turf playing fields can be reduced by washing 
hands and avoiding infill and fibre ingestion by infants and children.  

• Environmental mitigation can include choosing design features with runoff filtration 
management systems, or in some cases choosing alternative infill or natural turf. 
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Currently, most playing fields in Canada are natural grass, gravel, or sand, and some playing fields are 
composed of synthetic materials. These synthetic turfs, also known as artificial turf, are considerably 
more expensive to install than natural turf; however, they may be less expensive to maintain.4 They can 
be used both indoors and outdoors and offer significantly greater playtime than natural turf, owing to 
their resistance to becoming muddy in adverse weather and their overall durability.4 However, public 
concerns over the health and environmental impacts of artificial turf can affect where and how these 
fields are installed. 

 

Artificial turf playing fields have used the same materials since the late 1990s and have multiple layers, 
including foundation layers of crushed rocks, a cushioning pad, a plastic backing, a mat of plastic turf 
fibres attached to the backing, a leveling layer of sand, and cushioning infill. In North America, 90% of 
artificial turf fields use infill made of small pieces of crumb rubber made from recycled tires.5 Different 
types of infill have been developed as substitutes for tire crumb rubber and make up the remining 10% of 
artificial turf field infill. These include sand, coconut husks, cork, olive pits, wood chips, thermoplastic 
elastomers (TPE), ethylene propylene diene monomer (EPDM), and acrylic polymer-coated sand.6 Crumb 
rubber infill may also be coated with EPDM to add colour or potentially reduce its environmental 
impacts.6 Infill is typically replenished every one to two years because it disperses away from playing 
fields and is degraded through play. 

In 2020, there were approximately 13,000 artificial turf playing fields in the United States (US), rising to 
an estimated 19,000 by 2025.7,8 In the European Union (EU), there will be an estimated 34,000 full-sized 
artificial turf fields by 2028.7,8 Based on available data for Canada, 681 public artificial turf fields and 
10,655 natural turf fields were in use as of 2022.9 This does not account for privately owned fields at 
universities, private schools, or other facilities in Canada.  
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There is limited information on the type, number, and location of indoor and outdoor artificial turf fields 
across Canada, although most are in urban municipalities (> 85%).10 In large cities such as Vancouver and 
Toronto, publicly owned artificial turf fields represent a minority of playing fields. For example, in 
Vancouver, approximately 10% of publicly owned fields are artificial turf. Both Toronto and Vancouver 
plan to expand the number of artificial turf playing fields.4,11,12 

Health authorities in Canada are often tasked with responding to environmental and public health 
concerns raised about artificial turf playing field installations. This requires public health officials to 
review and evaluate complex and technical information from both human health risk assessments 
(HHRAs) and health impact assessments (HIAs). Municipalities also participate in assessing proposals and 
often contract environmental consultants to evaluate site-specific risks involving runoff, materials used, 
and public concerns. They also make final decisions about field installations, maintenance, and materials 
used and can set design guidelines that affect how and where artificial turf fields are installed.  

 

Artificial turf playing fields have been the subject of increasing scrutiny due to concerns about their 
potential health and environmental impacts.6,13,14,15 The presence of harmful chemicals in artificial turf, 
particularly in styrene-butadiene (SBR) crumb rubber (referred to as “crumb rubber” in this document) 
cushioning infill is well documented. Metals, volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs) including polycyclic aromatic hydrocarbons (PAHs), and per- and polyfluoroalkyl 
substances (PFAS) have all been found in the synthetic materials used in artificial turf fields.8,6-15,16,17,18,19 
Tire additive N-(1,3-dimethylbutyl)-N′-phenyl-p-phenylenediamine (6PPD) and its oxidation product, 
6PPD-quinone (6PPD-Q), are also found in artificial turf crumb rubber.20,21 These chemicals accumulate 
on roads through tire wear, and can reach high concentrations in stormwater road runoff, resulting in 
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salmonid toxicity during and after storm events.22 Salmon, a variety of salmonid, are a hugely important 
part of Indigenous culture, diet, economy, and spiritual life, particularly for First Nations on the Pacific 
Coast, where they are regarded not only as a vital food source but also as a symbol of life, renewal, and 
connection to the natural world.23,24  

There are few published epidemiological studies about the health impacts of artificial turf exposure, but 
several HHRAs have sought to assess whether exposure to artificial turf, particularly crumb rubber infill, 
poses a human health risk.25,26 Other health concerns related to artificial turf are not often evaluated 
through HHRAs. These include extreme heat exposure, skin abrasions, and potential for methicillin-
resistant Staphylococcus aureus (CA-MRSA) infections (especially in American football players), lower 
limb injuries, and concussions acquired during play.27-31  

The use of artificial turf fields also raises several environmental concerns related to microplastic 
pollution, chemical runoff, stormwater management, the built environment and urban heat islands, 
waste management, water use, and greenhouse gas emissions.13,16  

In 2022, the NCCEH summarized evidence from HHRAs on crumb rubber used for artificial turf infill.26 This 
updated review synthesizes more recent evidence on health risks of artificial turf, primarily assessed 
through HHRAs, including recent results from two comprehensive US studies.32,33 It also draws on 
evidence from a broad range of sources, including systematic scoping and literature reviews, as well as 
primary research studies. These studies have investigated the chemical composition of artificial turf, as 
well as the potential release of these chemicals into leachate, air, and soil. Studies on other health risks 
linked to the use of artificial turf, such as skin infections, lower leg injuries, and heat exposure are also 
included. An overview on the broader environmental impacts associated with artificial turf is presented, 
alongside strategies to mitigate both health and environmental concerns. 

Methodology  
Literature search 
We searched the scholarly and grey literature for evidence on the health and environmental impacts of 
artificial turf playing fields. The following research questions guided the literature search: 

• What are the potential human health risks from exposure to chemicals present in artificial turf and 
infill, and play on artificial turf fields? 

• What are the broader environmental impacts associated with artificial turf fields? 
• What are some alternatives and strategies to reduce potential chemical exposures and 

environmental impacts from artificial turf fields? 
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Search terms included variants and Boolean operator combinations of terms related to artificial/synthetic 
turf/crumb rubber on sports or playing fields, potential chemicals, and routes of chemical exposure. A full 
list of terms is presented in Appendix A. 

EBSCOhost databases (includes MEDLINE, CINAHL, Academic Search Complete, ERIC), Google Scholar and 
Google were scanned for results. Relevant English-language results published from January 2014 to May 
2025 were collected. Additional literature was identified through backward chaining of relevant literature 
retrieved from the search results, along with supplemental searches, as necessary. A single reviewer 
assessed the retrieved papers for inclusion, and the findings were synthesized narratively. Artificial 
intelligence was not used in any aspect to produce this review. 

To be included, HHRAs needed to examine the potential hazards and risks associated with artificial turf 
playing fields that use crumb rubber infill, TPE, EPDM or other infill, or artificial turf component, offering 
insights into exposure pathways and chemicals studied. 

The synthesis of this evidence review underwent both internal and external review. Reviewers are listed 
in the acknowledgement section. Expert input was sought from individuals in Canada with technical 
expertise or knowledge of public health concerns related to the health and environmental impacts of 
artificial turf playing fields. These consultees contributed to the review of this document prior to 
publication. 

Background to understanding human health 
risk assessments (HHRA) 
An HHRA is a systematic, evidence-based process that can assess the probability of carcinogenic or non-
carcinogenic health risks following population exposure to a substance.34 An HHRA examines the ways in 
which human exposure occurs, the magnitude of that exposure, and whether those exposures are likely 
to cause harm. This step-by-step process distinguishes between a hazard (i.e., something potentially 
harmful being present) and the associated risks (i.e., the likelihood of harm occurring from the hazard 
under specific conditions). An example HHRA process is laid out for artificial turf in Figure 1.  
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Figure 1. Example of the human health risk assessment (HHRA) steps for artificial turf components. Not 
all HHRAs would follow this exact process.   

 

Source: Adapted from Eykelbosh 2022 and US FDA Conducting a human health risk assessment.26,34 
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Results 

Why is artificial turf being used? 
There are several drivers for the increased use of artificial turf fields globally, including waste 
reutilization, cost savings, and increasing access to play.  

Waste management and recycling: The use of crumb 
rubber infill in artificial turf playing fields helps 
repurpose waste from large quantities of end-of-life 
vehicle tires. Recycling and alternative uses for this 
waste is prioritized, and often incentivized over 
incineration and landfill disposal due to serious 
environmental concerns.35 Virtually all truck and car 
tires in Canada are recycled or repurposed36 in uses 
such as construction materials, athletic tracks, 
playground surfaces, rubberized asphalt, and crumb 
rubber infill for artificial turf sports fields.13 
Approximately 7% of the recycled tire rubber in the US is used for infill.20 Recycling tires into artificial turf 
infill allows the material to be used in a new application for eight to 20 years. Artificial turf fields and 
their infill are, however, rarely recycled at the end of their lifespan and usually end up in landfills. 

Economic cost: While artificial turf fields have higher 
installation and end of life costs than natural options, 
they generally have lower maintenance costs and 
reduced water, pesticide, and fertilizer consumption. 
4,37 However, the life span of natural turf is up to 50 
years, compared with up to 20 years for artificial turf.38 
As such, there are some contrary reports about the 
lifetime cost savings of artificial turf. A recent US study 
found no cost benefit over natural turf over 25 years; 
however, the study did not consider that artificial turf 
fields provide more available hours of play.39  

Access to play and a consistent surface: Artificial turf is often promoted for its ability to increase access 
to play and support year-round use regardless of weather.40 Artificial turf field surfaces have a more 
consistent surface, given their durable components.13 Artificial turf can be used for an estimated 3,000 
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hours/field over the whole year, whereas natural turf can accommodate 200–600 hours/field, limited to 
six to eight months of the year.4 

What are the health risks associated with artificial turf? 
People are exposed to a range of pollutants in the natural and built environment on a daily basis, 
including plastic pollution from food packaging, textiles, pharmaceuticals, and construction materials and 
other background sources of metals, particulate matter (PM), dust, nitrogen oxides, VOCs, metals, 
hydrocarbons, pesticides, and pathogens in air, water, food, and soil. 41,42,43,44,45 Canada recognizes a wide 
array of organic and inorganic chemicals as potentially toxic substances under the Canadian 
Environmental Protection Act, 1999 (CEPA).46 Chemical presence in a substance, even at a high 
concentration, however, does not necessarily lead to human health risks. Determining the health risks 
from a source such as artificial turf playing fields requires an understanding of the chemical composition 
of the materials, the estimation of potential doses, and evaluation of the exposure pathways.  

This section presents evidence on chemicals that are detected in artificial turf playing field components 
and their release into air, soil, and water. Subsequent sections synthesize evidence on HHRAs and 
epidemiology studies that investigate health risks. Finally, evidence on other health endpoints of heat 
exposure, injuries, and infections are presented.  

Chemicals of concern in artificial turf materials 

Crumb rubber infill 
Metals 
Zinc has consistently been detected at high levels in 
crumb rubber infill (13 studies; median range: 2,114 to 
20,200 mg/kg).13,16 Zinc in crumb rubber comes from 
the zinc oxide that is used a catalyst in tire rubber 
generation. A systematic review reported that median 
lead concentrations in crumb rubber samples or end-
of-life rubber samples (the starting material for crumb 
rubber) ranged from 5.20 to 71.10 mg/kg (14 of 15 
studies), with one outlier value of 1,156 mg/kg.6 Cadmium median values were reported to range from 
0.22 to 5 mg/kg, and mercury median values ranged from 0.0002 to 0.07 mg/kg, with one outlier at 5 
mg/kg.6 The Canadian Council of Ministers of the Environment (CCME) human health guidelines for lead, 
cadmium and mercury in residential/parkland soil are 61 mg/kg, 14 mg/kg, and 6.6 mg/kg 
respectively47,48,49 Arsenic, chromium, copper, and manganese have also been detected in crumb rubber 
infill.6  
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Levels of metals detected in crumb rubber have generally been consistent over time/product age.15 

However, some lead levels have been higher on some artificial turf fields than in new product, suggesting 
deposition and accumulation from the environment may occur.7  

When tested, leachate from artificial turf has consistently high concentrations of zinc.10 Other metals 
(cadmium, lead, arsenic, chromium, copper, and manganese) are also released, but typically below 
thresholds of concern, or not greater than levels found in soil.13,16  

VOCs 
VOCs are organic chemicals that evaporate easily at room temperature and have been detected from 
crumb rubber infill.13,16,50 Results from one study reported a range of 0.37 to 975 μg/kg for 
benzene/toluene/xylenes.51 Older crumb rubber has lower levels of VOCs due to off-gassing over time.52 
VOCs have also been found in leachate, soil, and air samples from artificial turf, but generally not above 
regulatory levels.13,16 

PAHs 
PAHs, a class of SVOCs, are a large family of organic compounds present in crumb rubber as byproducts 
during tire production. The European Chemicals Agency (ECHA) has a summative limit for artificial turf of 
20 mg/kg for eight PAHs of concern.53 The median summative value for these eight PAHs1 reported by 
eleven of twelve studies analyzing crumb rubber ranged from 1.82 mg/kg to 28.41 mg/kg, with an 
additional study that reported 450 mg/kg.6 Three of the twelve studies reported PAH levels exceeding the 
20 mg/kg ECHA limit. Older samples of crumb rubber were reported to have lower levels of PAHs.15 Some 
studies reported PAHs in crumb rubber leachate, air and soil, but typically not at levels that would cause 
concern, or greater than background concentrations in soil.13,16 

6PPD/6PPD-Q and other tire-derived chemicals 
6PPD and 6PPD-Q, known to be toxic to salmonids, have been detected at 0.18 to 12.87 mg/kg and 0 to 
28.05 mg/kg respectively.20,21 Another study showed mean concentrations of 6PPD at 570.5 mg/kg in 
crumb rubber infill.54 The concentrations decreased as material aged, possibly due to oxidation. Analysis 
of air samples found minimal release of 6PPD chemicals from crumb rubber; however, laboratory tests 
demonstrated substantial migration of these chemicals into simulated sweat, indicating a high level of 
bioaccessibility.8  Crumb rubber infill also contains vulcanizers, phthalates, and other rubber additives.50 

PFAS 
Some studies have revealed the presence of PFAS chemicals, specifically long-chain perfluorooctanoic 
acid, perfluorododecanoic acid, and perfluorotetradecanoic acid, though these chemicals are not typically 

 
1 Benzo[a]pyrene, BaP; benzo[e]pyrene, BeP; benzo[a]anthracene, BaA; chrysene, CHR, benso[b]fluoranthene; BbF; 
benzo[j]fluoranthene, BjF; benzo[k]fluoranthene, BkF; dibenzo[a,h]anthracene, DahA.53 
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found in crumb rubber.17,55 Another PFAS chemical, 8:2 fluorotelomer alcohols (FTOH), was detected in 
crumb rubber infill at 0.110 mg/kg,56 but studies are lacking on release.55,56 

TPE, EPDM, and polymer-coated infill  
Metals, PAHs, VOCs 
TPE and EPDM infill have been found to have lower 
levels of metals than crumb rubber, but in some 
studies had comparable levels.6,16,57,58  Generally, TPE 
and EPDM infills have lower or similar levels of PAHs 
than crumb rubber; for example, median values for the 
sum of eight ECHA PAHs reported by three studies 
were 0.23 mg/kg, 1.82 mg/kg and 27.6 mg/kg for TPE 
and 15.3 mg/mg for EPDM in one study.6 Typically, TPE 
and EPDM infill have been found to have lower levels of VOCs than crumb rubber50,59; however, reported 
VOC release from TPE was higher than crumb rubber under high temperatures.60 Some polymeric infill 
coatings for crumb rubber can reduce leaching of zinc, other metals, VOC, and PAHs.44,61,62 More 
comparative studies are needed to understand the release or leaching of metals, PAHs, and VOCs from 
alternative infill materials into the environment. 

 
PFAS, 6PPD/6PPD-Q  
PFAS has been occasionally detected in EPDM infill.17,55 6PPD/6PPD-Q have not been detected in TPE or 
EPDM.54 Plasticizers such as phthalates are present in TPE and EPDM infill, usually at lower 
concentrations than crumb rubber infill.6,50  

Other 
Some alternative infills, such as polymer-coated sand products, are infused with microbicides and 
pesticides to maintain the field. Studies are lacking on release of these chemicals from artificial turf. 

Turf fibres and backing 
Metals, PAHs, PFAS 
There are fewer studies on the chemical composition 
of artificial turf fibres and backing.9 Turf fibres typically 
have lower levels of metals than crumb rubber infill.9,42 
However, lead was found to be present in high levels in 
artificial turf fibres from some fields.50,63 The median 
value for the sum of eight ECHA PAHs in one study 
analyzing chemical content of turf fibres at three fields 
was 1.82 mg/kg; however, the maximum value was 
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28.95 mg/kg.64 Backing can contain PFAS, but blades typically do not.17,55 However, evidence of 8:2 
fluorotelomer alcohols (FTOH), a PFAS compound, was detected in one turf fibre sample at 0.30 mg/kg.56 

There is a lack of research on the release of phthalates and PFAS from fibres and backing.17,55,65,56 

Epidemiological studies 
This review identified only two epidemiologic studies on the health risks associated with artificial turf. 
The Washington State Department of Health reported lower-than-expected cancer rates in young (6–24 
years) soccer players and goalkeepers who played on artificial turf fields compared to all Washington 
residents of the same ages. However, this was a small cluster investigation and not a formal cohort study, 
and there were important sampling limitations.66 Another study reported on the incidence of malignant 
lymphoma in adolescents and young adults residing in areas of California with varying densities of 
synthetic turf fields. This study found no evidence that incidence of lymphoma was associated with 
county-level artificial turf field density.67  

HHRAs on artificial turf playing fields 
This review identified ten HHRAs published since 2014 on the health risks of artificial turf playing fields 
(Appendix B), including a comprehensive study from the State of California Office of Environmental 
Health Hazard Assessment (OEHHA).5,32,45,54,68,69,70,71,72,73,74,75,76,77 Most HHRAs assessed health risks from 
crumb rubber infill, but some assessed air, dust, and field runoff exposures that would not be limited to 
crumb rubber sources. Results from the US Federal Research Action Plan (FRAP) on “Recycled tire crumb 
used on fields and playgrounds” (FRAP) are also summarized below.7,33 The FRAP study was not designed 
to be an HHRA, but it provides a multi-site exposure assessment for outdoor and indoor playing fields and 
is one the most comprehensive studies on the topic to date, addressing considerable gaps in the 
literature.  

Bioaccessibility 
Bioaccessibility is a proxy for bioavailability and represents the fraction of a chemical that is soluble in 
biological fluids and available for absorption, with values varying widely by chemical, and testing method. 
Since most metals and organic compounds are chemically bound within the rubber matrix, the 
bioaccessibility of these chemicals are crumb rubber are often substantially lower than their 
bioaccessibility from food, water, or soil.5,70,74 

• Metals: For ingestion of metals from crumb rubber, bioaccessibility have been reported to range 
from 2.5 to 67.5% for some metals (e.g., cadmium, vanadium, chromium, lead, and copper), with 
arsenic considered to be 100% due to its high solubility.74 Dermal contact bioaccessibility for metals 
from crumb rubber is considerably lower, more on the order of 10–20%. However, the recent US 
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Federal Research Action Plan (FRAP) exposure study found that only a small fraction of metals was 
released from tire crumb rubber into simulated biological fluids, averaging approximately 3% in 
simulated gastric fluid and less than 1% in simulated saliva and sweat/sebum.7 For example, mean 
bioaccessibility measurements for ingestion (simulated gastric fluid) and dermal contact (simulated 
sweat/sebum) were 2.8% and less than 0.1% for lead and 1.1% and 0.4% for arsenic, respectively.7 
Metals absorbed onto airborne particles can be inhaled, and often bioaccessibility is assumed to be 
100%. However, in one study, inhalation route of exposure was considered negligible for all metals 
because of poor solubility in lung fluid.74 

• PAHs: For the ingestion or dermal contact, bioaccessibility of PAHs from crumb rubber is considered 
to be low; less than 10% for simulated gastric fluid and less than 0.1% for simulated sweat.70,71 

Similarly, PAHs absorbed onto airborne particles can be inhaled, and often bioaccessibility is assumed 
to be 100%. The recent State of California Office of Environmental Health Hazard Assessment HHRA 
study reported mean gastrointestinal bioaccessibility for PAHs to range from 0.6% to 6%.32 

• VOCs: VOCs readily evaporate into the air and are assumed to be readily bioaccessible through 
inhalation; therefore, typically 100% bioaccessibilty is assumed.  

 

Risk thresholds 
For non-cancer hazards, the level of concern is assumed to be negligible when the ratio of the estimated 
exposure dose to the reference dose, or hazard quotient, HQ is < 1 for a single chemical or when these 
ratios are summed together for multiple chemicals affecting the same target organ or organ system, 
called a hazard index, HI. An HQ or HI > 1 indicates that adverse effects are possible; however, this is not 
a measure of the probability of adverse effects.78,79 

Cancer risk is deemed negligible (“de minimis”) when the excess lifetime cancer risk is at or below 1 x 10-

6 (1 additional case of cancer per 1,000,000 exposed persons). Risk reduction is generally recommended 
when estimates exceed the maximum acceptable risk of 1 x 10-4 (1 additional case per 10,000 exposed 
persons).78,79 

Office of Environmental Health Hazard Assessment (OEHHA) draft report (2025) 
The State of California OEHHA conducted a multi-year program to evaluate potential health risks from 
crumb rubber infill on artificial turf fields. A draft of the HHRA report was made public in March 2025, 
with comments sought until end of April 2025.32 
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Key elements of the OEHHA study design: 

• The study collected samples and environmental 
data from 35 randomly selected artificial turf 
fields of various ages and climates across 
California.  

• Targeted and non-targeted methods were used 
to identify chemicals of potential concern 
present in crumb rubber. Samples were treated 
with simulated fluids to estimate the 
bioaccessible concentrations of organic 
compounds (e.g., PAHs), and metals that might be ingested (oral) or absorbed through the skin 
(dermal). Concentrations of airborne VOCs and SVOCs were measured, at times during sports play 
and when fields were idle, to identify organic chemicals that might be inhaled.  

• Environmental conditions, including temperature, ozone, and particles, of each field were also 
measured. 

• User groups included in modelled exposure scenarios were players of different ages (2 to 70 years), 
referees (16+ years of age), coaches (16+ years of age), spectators (pregnant people, newborns, 
and adults aged up to 70 years), and maintenance staff. 

• Exposure characterization was conducted for inhalation, ingestion, and dermal absorption 
pathways, for different user groups, using time−activity studies and “health-protective” and 
“worst-case” assumptions and parameters. Exposure parameters were based on time-activity 
studies, which were surveys and analysis of videotaped observations of 40 players, aged 9–22 
years. 

• Risk characterization was completed for all user groups, focusing on acute inhalation toxicity, 
developmental and reproductive toxicity (DART), sensory irritation, general chronic toxicity, and 
lifetime cancer risk.  
 

Findings and conclusions of the OEHHA study are presented in Box 1. The OEHHA draft report states that 
overall, no significant health risks to players, coaches, referees, or spectators were identified from on- 
or off-field exposure to crumb rubber infill based on available data and methods used. 
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Box 1. OEHHA study key findings and conclusions 

• The study did not identify any chemical exposures from the artificial turf fields that would pose 
acute (immediate) health risks or hazardous levels of exposure to sensory irritants (for eyes or 
airways).  

• Users of the fields were, on average, not exposed to chemical levels associated with harm to 
childhood development or to male or female reproductive health. Among the 35 fields 
studied, the highest estimated exposures for athletes aged 11 to 70 were primarily driven by 
inhalation of benzo[a]pyrene (BaP). Under a worst case scenario combining inhalation, dermal 
and ingestion exposures, the calculated maximum hazard indices ranged from 1.2 to 1.8. 
OEHHA concluded that the likelihood of such exposures occurring in real life is low and not 
considered a health concern.  

• Long-term use of the fields (e.g., chronic toxicity), on average, did not lead to chemical 
exposures to that lead to significant non-cancer health hazards. The highest measured level of 
chemical exposure was deemed slightly elevated for spectators of 0 to 2 years old  (HI = 1.2), 
which was driven by lead exposure. This risk was classified as low concern because, in order to 
be at this level of risk, children of this age would need to ingest 153 mg each day for 161 
events per year, combined with dermal and inhalation exposures — a combination of 
exposures that was deemed unlikely to happen. 

• Lifetime cancer risks from exposure to crumb rubber infill were, on average, insignificant for 
users. There was less than one additional case per million people playing or spending time on 
fields over a 70-year lifetime, which is below the threshold of concern for HHRAs. There was a 
slightly higher increase in average cancer risks for spectators 0–2 years of age (an average of 
1.1 additional cancer cases in one million during a lifetime). Worst-case scenarios were used to 
calculate the cancer risk for infants (e.g., ingestion of 153 mg per each of 161 events per year, 
plus dermal and inhalation exposure assumptions), and these risks were considered of low, 
but still a possible concern due to potential for hand-to-mouth ingestion of infill by infants. 

*Quote from OEHHA study report: “This means that the reference health guidance value for humans is 3000 times less than the 
lowest concentration at which adverse effects were observed in animals.”32 
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US Federal Research Action Plan (FRAP) study (2024) 

The FRAP was a multi-year study by the US EPA, US 
Centers for Disease Control (CDC), and Agency for Toxic 
Substances and Disease Registry (ATSDR).7,33 This study 
was not designed or intended to be a risk assessment, 
but it sought to characterize the hazardous 
constituents of crumb rubber and is one of the most 
comprehensive exposure studies to date.7,33 A 
summary of the methods, key findings, and conclusions 
is presented in Box 3.  

Key elements of the FRAP exposure study design:  

• Part 1: The study characterized crumb rubber and emissions from 40 indoor and outdoor artificial 
turf fields across the US and several US tire recycling plants:  

o Laboratory extractions were conducted to test for chemicals of concern from all sources, 
including metals, VOCs, and SVOCs, including PAHs and phthalates. Targeted and non-
targeted approaches were applied.  

o Lab-based simulations were conducted of ingestion and skin contact, using simulated 
fluids, to provide estimates of bioaccessibility. 
 

• Part 2: An exposure characterization examined how people might be exposed through inhalation, 
ingestion, and dermal contact during real-world use:  

o Exposure scenarios were developed based on play activity profiles from 25 people 
participating in soccer or football practices on one indoor field and two outdoor fields. 
How much crumb rubber could realistically be ingested, inhaled, or contacted through the 
skin was estimated, using videos, personal and area sampling, and dermal wipe samples. 

o A very small biomonitoring pilot (n = 14) was conducted before and after play to assess 
whether exposure increased concentrations of metals in blood or PAH metabolites in 
urine. 

o A follow-up and larger biomonitoring study with 161 participants (132 played on artificial 
turf and 29 on natural grass) examined PAH metabolites. 
 

In Part 1 of the study, it was reported that crumb rubber contains various metals and organic chemicals, 
similar to reports from other studies, but most organic emissions were low or undetectable, and only a 
small fraction of metals were bioaccessible. Only 3% of total metals contained in crumb rubber were 
released into gastric fluid and less than 1% were released into saliva or sweat plus sebum, which are 
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lower than other studies have previously used.74 In addition, the study found that indoor fields had 
higher VOC and SVOC emissions than outdoor fields, but both types contained similar levels of metals.7,33 

In Part 2, the exposure characterization found metals and organic chemicals detected in the air, on field 
surfaces, in field dust, and in dermal wipes during play on one indoor and two outdoor fields. Although 
exposures can occur, they are likely limited. For many chemicals, field concentrations did not differ from 
samples collected off-field (i.e., background concentrations). However, median field concentrations of 
methyl isobutyl ketone, benzothiazole, 4-tertbutyl phenol, and several PAHs, were found to be two to 
four times higher than background concentrations during the exposure study across the fields. In 
addition, during play, numerous chemicals were measured at higher concentration on the indoor field 
than the two outdoor fields. The report concludes that play on indoor artificial turf fields may represent a 
higher exposure scenario than outdoor artificial turf playing fields. Indoor fields can have different 
dispersion of airborne pollutants and infill materials compared with outdoor fields due to the lack of 
weathering, sunlight, and ventilation that can degrade or remove chemicals released in outdoor 
environments.  

The biomonitoring study of Part 2 found no increases in blood metal concentrations post practice for 
eight selected metals. No increases were found for post-activity urine concentrations (n = 14 athletes) of 
creatinine-adjusted PAH metabolites, except for 2-hydroxynaphthalene, which showed a 34% post-
activity increase. 

In the follow-up biomonitoring study, all participants (n = 161 athletes) had the same pre- and post 
activity creatinine-adjusted urinary PAH metabolite concentrations, including for 2- 

hydroxynaphthalene. 
 
Although the FRAP study is the most comprehensive exposure study of its kind to date, the authors 
acknowledge that there are research gaps concerning indoor playing fields, long-term and cumulative 
exposures, and biomonitoring data for other chemicals.7,33 

Additional HHRAs 

Nine additional HHRAs published between 2014 and 2025 presented findings on the characterization of 
crumb rubber and associated health risks. These are also summarized in Appendix B. The following five 
studies conducted assessments with adjustments for bioaccessibility using either values from the 
literature or lab analysis using simulated fluids. None reported concern related to crumb rubber and 
health risks. 

• The ERASSATI project (Schneider et al., 2020 a,b,c) evaluated chemical concentrations in 47 coated, 
10 non-coated crumb rubber, and 10 non-crumb rubber infill samples from sports fields in 14 
European countries. Based on user-activity patterns and calculated bioaccessibility for uncoated 
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crumb rubber using simulated sweat, saliva, and gastric fluids, and using 100% bioaccessibility 
assumptions for many chemicals via ingestion, the study concluded that all cancer risk estimates 
were negligible.54,68,69 

• RIVM (2017) measured crumb rubber chemical concentrations from 100 artificial turf pitches in the 
Netherlands, assessing risk for children and adult players. The study calculated bioaccessibility with 
data from simulated fluids and concluded that exposure risks across multiple age groups and field 
positions (including goalkeepers) were negligible, reinforcing the conclusion that, under realistic 
conditions, health risks remain low.70,,71 

• ECHA (2017) studied the risks of crumb rubber to children playing sports (including goalkeepers), 
adults playing professional sports, and those working on installation or maintenance of artificial 
turf fields. The assessment used concentration data from large European studies and adjusted for 
bioaccessibility using published literature. The report concluded that there is a very low level of 
concern from exposure to crumb rubber.5 

• Peterson et al. (2018) used crumb rubber chemical composition data from North American studies 
in the literature. The study modelled exposure scenarios using published bioaccessibility data and 
EPA assumptions for adults, adolescents, and children and concluded artificial turf crumb rubber 
poses negligible risks to human health.45 Moreover, the cancer risks for users of the crumb rubber 
synthetic turf field were found to be comparable to, or lower than, those associated with the 
natural soil field. 

• Pavilonis et al. (2014) analyzed PAH, SVOC, and metal concentrations of crumb rubber from seven 
fields in New Jersey. The study calculated bioaccessibility of crumb rubber and fibres with 
simulated lung, gastric, and sweat fluids and found PAHs were routinely below limit of detection; 
SVOCs were not quantifiable. A health risk assessment of metals resulted in no significant health 
risks. However, it identified one crumb rubber field sample that was high in lead (260 mg/kg).74  

The following four studies concluded there were non-negligible health risks associated with crumb 
rubber:  

• Mohamed et al. (2023) measured VOCs, PAHs, and metals from three crumb rubber artificial turf 
playing fields from an urban area in Giza, Egypt, and used the data to conduct an HHRA. The 
authors noted that elevated levels of metals may be attributed to heavy traffic next to the artificial 
turf fields that may have been deposited from nearby traffic roads. This study adjusted for dermal 
bioaccessibility with values from the literature ranging from 0.1% to 10% and assumed 100% 
bioaccessibility for ingestion and inhalation. While non-cancer hazards were low across all 
pathways, total cancer risk estimates exceeded acceptable thresholds (above 1 x 10-4) across all 
age groups for PAHs, VOCs, and metals.80 

• Graça et al. (2022) (note see corrigendum for updated results that are presented here) conducted a 
large study that measured metal concentrations and evaluated metal exposure via inhalation, 
ingestion, and dermal contact using crumb rubber samples from 103 artificial turf fields across 13 
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European countries. The HHRA adjusted for bioaccessibility using values from the literature (e.g., 
ingestion bioaccessibility of 2.5% for cadmium, 35% for lead, 67.5% for copper, 100% for zinc). The 
study found non-carcinogenic risks above acceptable levels, particularly from zinc ingestion, with 
children and younger users being most at risk. Non-negligible cancer risks (between 1 x10-4 and 1x 
10-6) were identified for ingestion across user groups, with chromium and lead being major 
contributors.72,73 

• Zhang et al. (2021, 2023) examined health risks associated with dermal absorption of PAHs and 
metals in runoff water from one artificial turf field (crumb rubber implied) in China. Bioaccessibility 
assumptions were not well presented. They identified non-negligible cancer risks from PAHs, 
chromium, cadmium, and arsenic (between 1 x10-4 and 1 x 10-5). It is important to note that runoff 
will contain contaminants originating from field materials as well as from atmospheric deposition 
and inputs from surrounding areas.75,76 

• Marsili et al. (2015) studied crumb rubber from nine fields in Italy and assessed chemical 
concentration and exposure by inhalation of PAHs, assuming 100% inhalation absorption. All cancer 
and non-cancer risks were deemed acceptable in the primary assessment (below 1.16 x 10-6). 
However, secondary estimates with very conservative assumptions led to potential carcinogenic 
risks.77 
 

For information on additional HHRAs published prior to 2014, please refer to Eykelbosh 2022.26  

Conclusions from HHRAs 

Based on HHRAs reviewed here (2014–2025), we identified consistent evidence that crumb rubber 
infill does not pose a substantial risk to human health under typical sports play conditions and exposures. 
Most well-conducted HHRAs concluded that cancer and non-cancer risks from exposure to artificial turf 
materials were negligible. Some studies that used less rigorous HHRA methods reported non-negligible 
risks. 
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Future considerations for HHRAs 

Crumb rubber infill contains numerous chemicals that have the potential to harm human health, such as 
metals, PAHs, and VOCs. While HHRAs to date have improved understanding of potential health risks 
associated with artificial turf, evidence gaps remain concerning long-term exposure considerations and 
cumulative exposure to multiple hazardous chemicals (i.e., the mixture effects of multiple chemicals). 
Given the lack of toxicology data for some chemicals, whole material toxicity testing approaches could be 
used. The FRAP study identified the need for more research on indoor sports facilities with artificial turf, 
given their finding that exposures were generally higher in such facilities.7,33 The FRAP research 
recommendations also included larger, activity-based exposure studies that focus on different types of 
sports positions, indoor turf, young bystanders, and maintenance and installation workers.7,33 This could 
be extended to other types of non-sports play that leads to increased exposure or hand-to-mouth 
activity. 

While there is a lack of health risk assessment evidence focusing on alternative infills, studies have 
generally shown that TPE and EPDM have lower levels of metals, PAHs, and VOCs, and therefore these 
infills likely pose even lower risk than crumb rubber infill. Fibres and backing likely contain lower to 
similar levels of metals and PAHs than crumb rubber; therefore, similarly, the risk to health could be 
considered low from these components. However, concentrations of PFAS could be further explored.  

Heat exposure  
A recent systematic review of 23 publications found 
consistently higher temperatures in the surrounding air 
(range: +0.5 to +1.2°C) and at the surface (range: +9.4 
to +33.7°C) for artificial turf compared with natural 
turf. Due to a lack of evidence on radiant 
temperatures, core temperatures, and other markers 
of heat stress, the authors could not appropriately 
interpret how these increased temperatures might 
affect the health of people exposed.27 The review 
found that playing field surfaces with TPE infill, cool 
climate turf fibres, and Hydro Chill® technology had 

cooler surface temperatures than those with crumb rubber infill.27 However, two studies reported that 
alternative infill surfaces still had far hotter surface temperatures than natural turf fields.81,81,82  

It should be emphasized that children and youth are at increased risk of and are more susceptible to 
potential impacts of heat on artificial turf fields because they are closer to the ground where the air 
would be hottest.27 Added to this, increased surface temperatures beyond 48°C on artificial turf fields 
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may increase the risk of skin burns.83 More studies that measure temperatures surrounding the venues 
are needed to determine whether artificial turf surfaces contribute to the urban heat island effect.27 

Skin abrasions, infections, lower limb injuries, and concussions 
Research has compared the rate of abrasions, infections, lower limb injuries, and concussions on artificial 
turf versus natural turf. 

Abrasions: The surface of artificial turf is much more durable than natural turf and therefore poses an 
increased abrasion risk from falls during play. A systematic review of abrasion injuries analyzed 15 studies 
that reported abrasion injuries acquired through play on artificial turf or natural turf.30,84 Of these, eight 
studies reported similar rates of abrasion injuries for both surfaces, six reported substantially more 
injuries on artificial turf, and one study reported more injuries on a natural grass field due to its poor 
quality.30,84 This suggests that the overall incidence of abrasion injuries may be higher on artificial turf 
compared with natural turf fields. Abrasions may also possibly increase exposure to chemicals from 
artificial turf components.  

Infections: Due to this potential increase in abrasion injuries, community-acquired methicillin-resistant 
Staphylococcus aureus (CA-MRSA) infections are a potential health impact from play on artificial turf 
fields, and particularly for competitive American football athletes.85,86 MRSA was shown to be viable for 
up to 24 hours on turf fibres and up to 96 hours on crumb rubber infill in an experimental study, with 
survival being substantially lower on EPDM.87 Although contact sports have raised concerns, there is a 
lack of recent case reports or studies reporting incidence of CA-MRSA infections linked to athletes or 
artificial turf playing fields in Canada.88,89 Using genomic sequencing, a study found that artificial turf 
playing fields had distinct microbial profiles, with moderately higher microbial diversity and more 
potentially harmful bacteria compared with soil-based microbes on natural grass fields.90 This suggests 
that artificial turf microbes come from human and environmental sources, whereas natural turf microbes 
come from the underlying soil.90 This could potentially lead to an increased risk of acquired infections on 
artificial turf playing fields compared to playing fields with natural turf.  

Lower limb injuries: The incidence of lower limb 
injuries acquired on artificial turf compared with 
natural turf has been explored in many studies with 
mixed results.28,29 A systematic review of 53 studies 
published between 1972 and 2020 concluded that 
there was a higher reported rate of foot and ankle 
injuries on artificial turf compared with natural grass. 
However, studies that were rated as high-quality 
pointed to a similar incidence of knee injuries and hip 
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injuries on both surfaces.28 Another systematic review and meta-analysis estimated an increased risk for 
ACL injuries in female but not male soccer players on artificial versus natural turf.29 

Concussions: A systematic review and meta analysis including 12 studies on American football, soccer, 
and rugby, concluded that the rate of concussion or head injury in competitive contact sports was lower 
on artificial turf than on natural turf.31 

What are the broader environmental concerns related to artificial 
turf? 

Chemicals of concern 
Some chemicals of concern such as metals, PAHs, and 
VOCs are released from artificial turf components into 
the air, groundwater, and surrounding soil.13,16 While 
levels of these chemicals are on average low, 
exceptions exist, and accumulation can happen over 
time that may be detrimental to the environment.13,16 
The existence of PFAS in artificial turf components, 
such as backing and fibres, has raised wide concerns 
about environmental contamination.14,17,55,56 While we 
know some PFAS are carcinogenic to humans and 
animals,91 most HHRAs focused solely on crumb rubber, so further research is needed to understand the 
range of PFAS that may be present in artificial turf components and their ability to leach into and affect 
the surrounding environment.  

Tire wear particles build up on roads through friction 
associated with vehicle braking and acceleration, and 
particles and leachate wash off roads into streams and 
rivers during heavy rainfall. An emerging chemical of 
concern, 6PPD-Q, an oxidation product of the tire 
additive 6PPD, has been detected at high levels in 
stormwater road runoff. It is toxic to coho salmon and 
has led to mass die-offs following heavy rainfall.22 The 
issue of salmonid toxicity is important to highlight, as 
for many First Nations along the Pacific Coast, salmon 
are more than food or trade goods: they are central to 
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cultural identity, livelihoods, and spiritual practices, symbolizing continuity, regeneration, and our 
relationship to the natural world.23,24 In the last few years, there have been calls to remove 6PPD from 
tires, which is added to prevent tire degradation and improve vehicle stopping distance and safety. Given 
that 6PPD/6PPD-Q are also found in crumb rubber infill, concerns have been raised about the potential 
release of these chemicals from artificial turf fields into the environment. However, the relative quantity 
of 6PPD-Q and other chemicals leached from crumb rubber into the environment likely represents a small 
fraction of the contribution from tire wear particles from roads.  

Microplastics 
Artificial turf infill and fibres are also a source of microplastics, and their release through stormwater 
runoff may have detrimental impacts on water quality and fish health.16 The European Chemicals Agency 
(ECHA) estimates that approximately 16,000 tons of microplastics are released into the environment in 
EU countries from artificial turf each year.16 Artificial turf is considered a major land-based contributor of 
microplastics (plastic particles smaller than 5 mm) that escape into the environment, according to the 
Norwegian Environment Agency.16 As part of the European Union's REACH (Registration, Evaluation, 
Authorization, and Restriction of Chemicals) regulation to combat microplastic pollution, the European 
Commission will prohibit the sale of “granular infill for use on synthetic sports surfaces,” starting in 2031. 
This ban affects all forms of synthetic polymer infill, including crumb rubber, TPE, EPDM, and acrylic 
polymer-coated sand.92 

Flooding 
Additional environmental concerns about artificial turf stem from its low rainfall permeability, which 
prevents water from soaking into the ground, leading to increased flooding risk.16,12,93 Instead of being 
absorbed and filtered by soil, rainwater rapidly runs off the artificial surface, which can increase the 
volume and speed of stormwater entering drainage systems. During heavy rainfall events, this can 
overwhelm local stormwater infrastructure, leading to a higher risk of localized flooding, erosion, and 
water pollution due to the transport of surface contaminants. 
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Built environment, heat islands, and urban greening 
There are concerns that artificial turf fields exacerbate 
the urban heat island effect, and may also may affect 
soil composition and health, which in turn could impact 
the health of surrounding tree canopies.16 Natural turf 
may be more desirable for urban greening, 
biodiversity, and climate mitigation and adaptation 
goals,16,94,95 although use of herbicides and pesticides 
would likely impact biodiversity benefits.  

 

Waste management, water use, and greenhouse gas emissions 
There are additional concerns related to the disposal of aging turf, which is difficult to recycle and is 
primarily disposed of in landfills.16 Events such as extreme precipitation, extreme heat, or drought driven 
by climate change could also reduce the useful lifespan of natural fields. However, increasing drought 
conditions driven by climate change could mean that summer watering of natural fields is less sustainable 
and more costly. A life cycle analysis of artificial turf estimated that it contributes greater lifetime 
greenhouse gas emissions than natural turf, due to production of artificial turf materials, maintenance, 
and end-of-life removal.96  
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Additional considerations 
Other recreational surfaces such as splash pads and running tracks using materials similar to artificial turf 
are beyond the scope of current research and risk assessments but could be an area for further study. 
Research on the health impacts of informal non-sports related play on artificial turf with crumb rubber 
infill is warranted, particularly for young children who exhibit high hand-to-mouth activity. More research 
is likely needed on the effect of weathering on artificial turf components, in particular on alternative infill, 
including how sunlight and heat affect release of chemicals.16,97,98 The composition of artificial turf is also 
likely to evolve as manufacturers respond to regulatory pressures (e.g., restrictions on microplastic infills 
in the EU, and ECHA PAH limits for artificial turf infill), emerging evidence on health and environmental 
risks, and market demand for greener alternatives.53,92 Polymeric coatings for several existing infill types 
may be able to limit metals, PAH, and VOC leaching.44,61,62 However, the health risk profile of these new 
infill types and other alternatives made from natural materials will need to be assessed. Together these 
additional considerations highlight the need for ongoing investigation of both existing and new materials.  

What can be done to mitigate potential issues with artificial turf? 
Reducing health risks 

Even though research to date indicates that there are minimal risks to health for athletes, spectators, and 
other users of artificial turf fields, there are actions users can take that would limit exposure to chemicals 
of concern, illness, and injury. 

• Infant/spectator exposure: Do not let infants, 
other children, or other spectators ingest infill 
or other artificial turf components. Locate play 
areas for very young spectators away from 
artificial turf fields.25  

• Post-play chemical/infection exposure: 
Encourage users to wash hands and avoid 
eating food directly from any playing or 
competition surface, regardless of whether 
natural or artificial surface.25 Remove infill by 
brushing off/shaking out shoes and clothing on the field and at home. It is possible that particles 
and fibres may clog washing machine filters.  

• Reduce contact with surface: Sit on chairs or benches and not directly on the surface while sitting 
off or spectating. Avoid skin contact by wearing long-sleeved clothing, and if possible use 
mats/towels when warming-up on the surface.25  
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• Post-abrasion injury infection exposure: Wash injuries well and monitor closely for signs of 
infection.  

• Heat exposure: Avoid play on hot days, irrigate surfaces to cool them down before play, advise 
users to drink plenty of water and electrolytes, use shade structures, and use misting bottles to 
cool players down. These are also actions recommended for play on natural turf on hot days.  

• Non-sports-related play: Given that most HHRAs have focused on sports activities, for activities that 
involve young children where more hand-to-mouth action occurs, consider artificial turf with 
natural source infill or natural turf.   

 

Reducing environmental impacts 

The migration of artificial turf infill and fibres can be reduced through appropriate design and 
remediation strategies. These are the actions that policy makers may recommend to reduce the 
environmental impacts of artificial turf fields. 

• Material selection: Choose an infill that has low 
migration characteristics and combine it with a 
stitched turf fibre system.4 Choose an infill that 
has lower concentrations of chemicals of 
concern. This may include alternatives like TPE, 
or those made from cork or other natural fibres. 

• Design and remediation: Some of the 
environmental impacts of artificial turf could be 
mitigated by implementing design or 
remediation features such as stormwater runoff 
management to prevent flooding and a filtration/catchment system, adding traps and boundaries 
for infill, and minimizing removal of snow.4,99-101 Provide brush-off areas or stamp-off trays for players 
to remove infill from shoes and clothing, with educational signage.4,100,101 These should not be placed 
near drains or culverts that do not have filtration. Adding shade around artificial turf fields may help 
with increased temperatures. 

• Sensitive ecosystems/water sources: To avoid contamination of sensitive ecosystems or water 
sources from chemicals in crumb rubber infill, for example 6PPD/6PPD-Q, natural turf or alternative 
infill could be considered. 

• Environmental testing: Chemicals in runoff from artificial turf fields such as metals, PAHs, 
6PPD/6PPD-Q and PFAS/PFOS, could be tested if artificial turf fields are proximal to sensitive 
ecological habitats to assess whether any impacts are anticipated and if additional controls are 
required to reduce runoff. 
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Summary 
Access to safe and inclusive outdoor recreation spaces can improve health, well-being, and community 
connection. Artificial turf playing fields have become increasingly popular because, compared to natural 
turf, they are more durable, less affected by weather conditions, can be less expensive to maintain, and 
provide more hours of play per year, especially in urban settings where field space is limited. 

Concerns have been raised about potential health impacts from exposure to chemicals present in the 
different components of artificial turf. The most studied component is crumb rubber infill, which is 
known to contain chemicals such as metals, PAHs, VOCs, phthalates and 6PPD/6PPD-Q. TPE and EPDM 
infill also contain some of these chemicals, although at lower concentrations. Turf fibres also contain 
some chemicals of concern such as heavy metals and PAHs, and there is evidence of PFAS in turf backing. 

Although chemicals of concern have been detected in artificial turf playing field materials, the OEHHA 
HHRA, and other high quality HHRAs conclude that exposures to crumb rubber under typical play 
conditions pose negligible cancer and non-cancer risks. One exception was a result from the OEHHA 
study, which found a slightly higher increase in average cancer risks for spectators 0–2 years of age (an 
average of 1.1 additional cancer cases in one million during a lifetime). These risks were considered low, 
but still a possible concern due to potential for hand-to-mouth ingestion of crumb rubber infill by infants. 
The FRAP exposure study concluded that while exposures from crumb rubber can occur, they are likely 
limited, with indoor exposures representing the highest risk scenario. For many chemicals, field 
concentrations did not differ from samples collected off-field (i.e., background concentrations). Other 
HHRAs that used more cautious assessment assumptions or sampled from sites that were likely affected 
by surrounding pollution sources, found risks that were non-negligible or unacceptable. 

There were only two epidemiological studies that investigated the relationship between use of artificial 
turf playing fields and cancer, both showing no association. Regarding other health outcomes, abrasions 
and some lower limb injuries may be more common on artificial turf, while concussions may be less 
frequent compared with natural grass. More physiological research is needed to better understand the 
health effects of exposure to higher surface and air temperatures associated with artificial turf.  

Further research on the health impacts of crumb rubber to better inform planning and policy decisions 
could focus on long-term and cumulative exposures and exposure scenarios in indoor settings. Although 
evidence is limited, studies indicate that TPE and EPDM contain lower levels of metals, PAHs, and VOCs 
than crumb rubber, suggesting lower health risks. Fibres and backing show similar or lower levels, and 
thus also pose low risk. 
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The environmental impacts of artificial turf playing fields are also of concern. They release microplastics, 
chemical leachates, and chemicals such as 6PPD/6PPD-Q, which is toxic to some aquatic species, 
including salmon species that are highly important species to First Nations on the Pacific Coast. Artificial 
turf playing fields may also reduce rainfall permeability, increase flood risk, and exacerbate the urban 
heat island effect. Compared to artificial turf, natural turf may provide more co-benefits for biodiversity 
or climate mitigation and adaptation. Further research should investigate the broader environmental 
effects of crumb rubber, turf components, alternative infills, and artificial turf systems as a whole. 

Exposure to chemicals from artificial turf playing fields can be reduced by handwashing, preventing 
children from ingesting infill or fibres, and removing infill and fibres from clothing and shoes. Some 
environmental risks can be reduced with runoff filtration and barriers to contain infill.  
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Appendix A  
Search terms included variants and Boolean operator combinations of the following: 

POPULATION/PROBLEM/ISSUE  

("synthetic turf" OR "synthetic grass" OR "artificial turf" OR "artificial grass" OR “turf fibres” OR “turf 
fibers” OR "plastic grass" OR "astro turf" OR astroturf" OR "tyre granulate" OR "tire granulate" OR "fake 
grass" OR “rubber granule” OR “rubber particles” OR “rubber infill” OR “rubber mulch” OR "outdoor turf" 
OR "turf field" OR "crumb rubber" OR "rubber crumb" OR "tire crumb" OR "tyre crumb" OR "recycled 
tyre" OR "recycled tire" OR "recycled rubber" OR “rubber playground surface”)    

(rubber OR turf OR synthetic OR artificial)  

(granules OR granular OR crumb OR constituent OR component OR mulch)  

EXPOSURE OR EVENT  

(“sports field” OR “sporting surface” OR “sporting surface” OR “playing field” OR playground OR 
“residential area” OR streetscape OR park)  

(playing OR sports OR field OR surface OR outdoors)  

COMPARISON  

(toxic OR toxicological OR toxicity OR toxicology OR risk OR concern OR emerging OR pollution OR hazard 
OR epidemiological OR epidemiology OR biomonitor OR biomonitoring OR biomarker)  

(carcinogen OR constituent OR ingredient OR compound OR chemical OR leachate OR chemical OR VOCs 
OR PFAS OR PAHs OR “metal” OR lead OR phthalate OR “methyl isobutyl ketone” OR benzothiazole OR 
formaldehyde OR benzene OR runoff OR microplastic OR emissions OR offgassing OR trace elements)  

(ingest OR ingestion OR absorption OR absorb OR contact OR inhalation OR install OR installation OR 
maintain OR maintenance OR exposure)  

OUTCOME  

(health OR cancer OR carcinogenic OR lymphoma OR tumor OR tumour OR death OR health OR disease 
OR respiratory OR illness OR wellbeing)  

(evaluation OR evaluate OR impact OR review OR determination OR investigation OR quantify OR   
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mitigation OR mitigate OR undertake OR assessment OR assess OR HIA OR harmful OR hazardous)  

(media OR “public attention” OR communication OR management)    

Additional searches were conducted in PubMed, Google, and Google Scholar, including with the following 
search terms: 

(artificial turf OR synthetic turf) AND (systematic review or scoping review) 

(artificial turf OR synthetic turf) AND cost 

(artificial turf OR synthetic turf) AND heat 

(artificial turf OR synthetic turf) AND infection* 

(artificial turf OR synthetic turf) AND accessibility 

(artificial turf OR synthetic turf) AND (thermoplastic elastomers OR TPE OR ethylene propylene diene 
monomer OR EPDM OR acrylic polymer-coated sand OR polymeric coating) 
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Appendix B 
Table. Human health risk assessments and additional relevant studies conducted on artificial turf 
constituents 

Population  

Field number and type 

Component focus 

Chemicals and 
samples analyzed  

Risk assessment 

 

Findings  

OEHHA Synthetic Turf HHRA (Report Draft 2025); California, US 32 

Athletes (2<6, 6<11, 11<16, 
16<30, 30<40, 40<50, and 
50<70 years), referees, 
coaches, spectators, 
maintenance 

35 artificial turf fields, both 
outdoor and indoor 

Crumb rubber 

PAHs, VOCs/SVOCs, 
metals, particulate, 
heat/ contact scenarios 

Chemical analysis of air 
and crumb rubber 
samples 

Ingestion, inhalation, dermal 
pathways 

Time-activity studies to estimate 
realistic contact 
durations/frequencies; incorporated 
age sensitivity factors  to reflect 
increased susceptibility in children 
 
Bioaccessibility estimates used 
simulated sweat and gastric fluid; 

Some scenarios (like ingestion of 
whole particles), assumed 
conservative defaults (near 100%) 

Cancer and non-cancer 
risk estimates not of 
concern within assessed 
scenarios 

Increased average cancer 
risks for spectators 0–2 
(1.1 additional cancer 
cases in one million 
during a lifetime).  

Worst-case scenarios 
were used to calculate the 
cancer risk for infants 
(e.g., ingestion of 153 mg 
per each of 161 events per 
year, combined with 
dermal and inhalation 
exposure assumptions) 
due to potential for hand-
to-mouth ingestion of infill 
by infants 
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Population  

Field number and type 

Component focus 

Chemicals and 
samples analyzed  

Risk assessment 

 

Findings  

EPA/CDC/ATSDR FRAP (Final Report 2024);  US7,33  

Child players (7–9 years), 
youth players (10−12 
years), adolescent players 
(13−17 years), adults (≥ 18 
years) 

40 artificial turf fields 
across the US; outdoor & 
indoor fields and tire 
recycling facilities 

Crumb rubber 

PAHs, VOCs, SVOCs, 
metals, rubber-specific 
markers 

Chemical analysis of air, 
dust, dermal wipes, and 
crumb rubber samples 

Ingestion, inhalation, dermal 
pathways 

Exposure data from 25 people 
participating in soccer or football on 
one indoor and two outdoor artificial 
turf fields 
 
Bioaccessibility estimates used 
simulated sweat and gastric fluid 

Not a full HHRA; exposure 
levels generally low 
relative to benchmarks 

Indoor fields likely 
represent highest 
exposure scenario 

Mohamed 2023, Egypt80 

Age categories (3−6, 7−15, 
16−18, 23−55, 56−70 
years) 

3 artificial turf fields (one 
new and unused artificial 
turf) 

Crumb rubber 

PAHs, VOCs, metals 

Chemical analysis of air 
(VOCs) and crumb 
rubber samples (metals, 
PAHs) 

Ingestion, inhalation, dermal 
pathways 
 
Risk analysis adjusted for dermal 
bioaccessibility with values from the 
literature ranging from 0.1% to 10% 
and assumed 100% bioaccessibility 
for ingestion and inhalation.) 

Non-cancer hazard (HI) 
was low across all three 
routes (HI < 1) 
 
Cancer risk (R) was 
elevated and above 
acceptable thresholds (R 
> 1 × 10⁻⁴), especially for 
adolescents 

Zhang (2023), Beijing, China75,76 

Population not specified 

1 artificial turf field 

 

Field run-off after rainfall 
events* 

PAHs (16 priority), metals 

Chemical analysis of run-
off (run-off will contain 
chemicals from both field 
materials and deposition 
from the atmosphere and 
surrounding areas) 

Dermal exposure to run-off 

Bioaccessibility assumptions were not 
well presented 

Non-negligible cancer 
risk was identified across 
all field types for PAHs in 
runoff, with cancer 
indexes >1 x 10-6 

Non-negligible cancer 
risk was identified across 
all field types for Cr, Cd, 
and As (between 1 x10-4 

and 1x 10-5), whereas no 
such risk was observed for 
Zn, Cu, Mn, and Pb.  
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Population  

Field number and type 

Component focus 

Chemicals and 
samples analyzed  

Risk assessment 

 

Findings  

Graça (2022), 13 countries: Portugal   Spain, Chile, Finland, France, Sweden, Italy, Greece, 
Poland, Croatia, Türkiye, Albania, Germany72,73,102,103 

Young players, adult 
players, coach, adult 
bystanders, and child 
bystanders 

103 artificial turf fields  

Crumb rubber 

Metals 

Chemical analysis of 
crumb rubber samples 

Ingestion, inhalation, dermal 
pathways 

Adjusted for bioaccessibility using 
values from the literature (e.g., 
ingestion bioaccessibility of 2.5% for 
cadmium, 35% for lead, 67.5% for 
copper, 100% for zinc). 

Non-carcinogenic hazards 
from accidental ingestion 
of crumb rubber were 
above the acceptable 
values (with zinc as major 
contributor), especially in 
younger individuals and 
for all the groups except 
adult bystanders. 

Non-negligible cancer 
risk was identified for 
ingestion - between 1 x 
10-6 and 1 x 10-4, with lead 
and chromium being the 
major contributor. 

ERASSATI; Schneider (2020a,b,c); 14 European countries54,68,69 

All ages groups, amateur 
and professional players, 
with a special focus on 
goalkeepers 

86 coated and 10 non-
coated crumb rubber infill 
samples from indoor and 
outdoor sites in 14 
European countries 

17 sports fields (air 
samples) in six European 
countries (migration 
studies) 

Crumb rubber, air 
samples 

PAHs, metals 

Chemical analysis of 
crumb rubber and  non-
tire crumb rubber infill 
samples, air samples  

Ingestion, inhalation, dermal 
pathways 

Estimated exposure doses based on 
assumptions about activity patterns 
(e.g., child, youth, adult players), 
frequency and duration of play 
 
Bioaccessibility assessed in 
simulated sweat or saliva fluid for 
dermal and gastric fluid for oral 
exposure assessment  
 
Some exposure estimates, especially 
for oral or dermal pathways, were built 
using complete bioavailability 
assumptions or worst-case parameter 
values in absence of precise toxicity or 
exposure data 

All cancer risk estimates 
well below de 
minimis levels and 
deemed negligible 
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Population  

Field number and type 

Component focus 

Chemicals and 
samples analyzed  

Risk assessment 

 

Findings  

Peterson (2018); US/Global literature69 

Youth outdoor players 
(6−18 years), youth indoor 
players (6−18 years), youth 
composite players (6−18 
years), and adult and child 
spectators. 

Artificial turf football fields 
(data from the literature) 

 

 

Crumb rubber and 
natural turf fields with 
soils affected by urban 
pollution 

33 PAHs, metals, VOCs, 
SVOCs, phthalates, and 
PCBs 

Chemical composition 
for air and crumb rubber 
from the literature, with 
additional data obtained 
from rubber recyclers 
and synthetic pitch 
installers 

Ingestion, inhalation, dermal 
pathways 

Modelled exposures for children, 
adolescents, and adults 

Exposure factors followed US EPA 
guidelines for people with the highest 
expected exposure, using published 
and default EPA bioaccessibility 
assumptions 

The highest cancer risk 
(child spectator, 9 x 10-7) 
was negligible. The 
highest hazard index (child 
spectator, HI = 1) 
indicated potential for 
adverse effects (primarily 
due to cobalt ingestion), 
but assumed that the child 
would consume 0.1 g of 
rubber per day, 4 days per 
week for 8 months of the 
year. 
 
Moreover, the cancer risks 
for users of synthetic turf 
fields were found to be 
comparable to, or lower 
than, those associated 
with natural soil fields 

RIVM (2017; Pronk 2018); The Netherlands70,71 

Young child players (4−11 
years), youth goalkeepers 
(7 years old), youth players 
(11−18 years), adult 
players (18−35 years), and 
lifelong exposed field 
players and goalkeepers 

100 artificial turf fields 

Crumb rubber 

PAHs, BPA, Cd, Co, Pb, 
phthalates, and 2-MBT 
(targeted) 

Chemical analysis of 
crumb rubber samples 
and broad literature 
comparisons and 
regulatory references. 

Ingestion, inhalation, dermal 
pathways 

Exposure scenario modeling included 
sensitive users like child goalkeepers 
with high exposure and worst-case 
assumptions 
 
Migration studies estimated 
bioaccessibility for ingestion, dermal 
contact, or inhalation 

Exposure levels for 
players, even under worst-
case scenarios, are low 
and health risks are 
considered negligible 

ECHA (2017); E.U.5 
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Population  

Field number and type 

Component focus 

Chemicals and 
samples analyzed  

Risk assessment 

 

Findings  

Young child players (3−6, 
6−11 years), child 
goalkeepers (6−11 years), 
youth players (11−18 
years), adult players,  
goalkeepers, and workers 

Indoor and outdoor 
artificial turf football fields 
(data from the literature) 

Crumb rubber 

PAHs, phthalates, 
formaldehyde, 
benzothiazole, 
benzothiazole-2-thiol, 
methyl isobutyl ketone, 
benzene, metals 

Literature sources for 
chemical concentrations 
from previous large EU 
studies (indoor and 
outdoor artificial turf)  

Ingestion, inhalation, dermal 
pathways 

Exposure scenarios are based on 
worst-case scenarios (e.g., how many 
granules a child might ingest) 
 
Literature sources for bioaccessibility 
including from RIVM study reports 

The hazard estimates for 
non-cancer risks and the 
excess lifetime cancer risk 
for PAHs did not approach 
thresholds of concern 

Marsili (2015); Italy77,104 

Population not specified 

9 outdoor artificial turf 
fields (0–8 years old) 

Crumb rubber 

PAHs (14 EPA Priority) 

Chemical analysis of 
crumb rubber samples 

Inhalation (PAHs) 

Bioaccessibility assumed 100% 
inhalation absorption 

 

All cancer and non-
cancer risks were initially 
calculated as 
acceptable; however, 
secondary estimates with 
very conservative 
assumptions led to 
potential carcinogenic 
risks 

Pavilonis (2014); US, New Jersey70 

Young children (6−10 
years), older children 
(11−15 years), teenagers 
(16−18 years), adults 
(19−38 years). For Pb risk 
assessment young children 
(2-5, 6 years) 

7 existing artificial turf 
fields 

New fibres, new rubber 
from industry source, and 
crumb rubber field 
samples 

PAHs, VOCs, SVOCs, 
metals 

Chemical analysis of new 
fibres, new rubber from 
industry source, and 
crumb rubber field 
samples  

Ingestion, inhalation, dermal 
pathways 

Exposure assessment used US EPA 
default child/adult exposure factors 
across ingestion, dermal, and 
inhalation pathways 
 
Bioaccessibility analysis conducted 
using simulated body fluids for sweat, 
gastric and lung fluids 

Results showed very low 
exposure and risk, except 
for a rare high-lead outlier 
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Abbreviations: As, arsenic;  2-MBT, 2-mercaptobenzothiazole; BPA, bisphenol A; Cd, cadmium; Co, cobalt; Cr, chromium; 
Cu, copper; ECHA, European Chemicals Agency; EPA, Environmental Protection Agency; ERASSATI, European Risk 
Assessment Study on Synthetic Turf Rubber Infill; EU European Union; HI, hazard index; HQ, hazard quotient; Mn, 
manganese; PAHs, polycyclic aromatic hydrocarbons; PCBs, polychlorinated biphenyls, PFAS, per- and polyfluoroalkyl 
substances; Pb, lead; RIVM, Rijksinstituut voor Volksgezondheid en Milieu; SVOCs, semi-volatile organic compounds; TEQ, 
toxicity equivalent quantity; US, United States; VOC, volatile organic compounds; Zn, zinc 

Notes:  

a. Cancer risk is deemed negligible (“de minimis”) when the excess lifetime cancer risk is at or below 1 x 10-6 (1 additional 
case of cancer per 1,000,000 exposed persons).[ref?] Risk reduction is generally recommended when estimates exceed 
the maximum acceptable risk of 1 x 10-4 (1 additional case per 10,000 exposed persons). For non-cancer hazards, the level 
of concern is assumed to be negligible when the ratio of the estimated exposure dose to the reference dose, or hazard 
quotient, HQ is < 1 for a single chemical or when these ratios are summed together for multiple chemicals affecting the 
same target organ or organ system, called a hazard index, HI. An HQ or HI > 1 indicates that adverse effects are possible, 
however is not a measure of the probability of adverse effects.78,79 

b. For information on additional HHRAs published prior to 2014, please see Eykelbosh 2022.26  
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