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How to use this document

~
Each entry links to its source and explains what it found, what the findings support,
and where their limits are. Use the notes to understand what a source can—and
cannot—tell you.
The bibliography includes peer-reviewed studies as well as agency and advocacy
publications. It also includes sources that raise concerns about turf access. Each
source is described in the context of what it studied.
Use the links to check a study before citing it. A source may be relevant to the topic
without supporting the specific claim you want to make.

= J

1. Athlete Safety, Injury & Concussion Research

Peer-reviewed sports medicine studies and cohort research comparing injury and concussion
outcomes on artificial turf versus natural grass, followed by a medical-institution summary
and a league policy announcement that are not themselves peer-reviewed primary research.

1.1 Risk of Injury in Elite Football Played on Artificial Turf
versus Natural Grass: A Prospective Two-Cohort Study

Source: British Journal of Sports Medicine | Type: Peer-Reviewed Journal Article published in
BMJ of Sports Medicine
https://bjsm.bmj.com/content/40/12/975

This peer-reviewed prospective cohort study examines injury incidence among elite football
(soccer] players competing on artificial turf and natural grass. Conducted by sports medicine
researchers Jan Ekstrand, Tord Timpka, and Markus Hagglund, the study followed
professional players over time to compare injury rates on the two surfaces. The researchers
found no significant difference in the overall injury rate. The study offers a comparison based
on professional players competing under real match conditions.

Tags: Injury Data, Athlete Safety, Soccer, Artificial Turf vs Grass, Elite Athletes, Sports Medicine,
Injury Rates, Field Performance, Turf Innovation
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Best Supports:

o Comparing injury rates on artificial turf and natural grass

o Discussing injury incidence among elite football players

e Reporting the study’s finding on overall injury rates

e Placing surface comparisons in a professional match setting

o Keeping conclusions specific to the players and surfaces studied

Strategic Use Note: A useful source for comparing injury rates on artificial turf and natural
grass in elite football. Use it to describe the study’s overall finding, with conclusions limited
to the players and conditions examined.

Citation (Chicago): Ekstrand, Jan, Tord Timpka, and Markus Hagglund. "Risk of Injury in Elite
Football Played on Artificial Turf versus Natural Grass: A Prospective Two-Cohort Study.” British

Journal of Sports Medicine 40, no. 12 (2006): 975-980. https://bjsm.bmj.com/content/40/12/975.
Footnote: Jan Ekstrand, Tord Timpka, and Markus Hagglund, "Risk of Injury in Elite Football Played on Artificial
Turf versus Natural Grass: A Prospective Two-Cohort Study.”

1.2 The Effect of Playing Surface on Injury Rate

Source: Springer Nature | Type: Peer-Reviewed Journal Article published in Sports Medicine
https://link.springer.com/article/10.2165/11535910-000000000-00000

This peer-reviewed review looks at research on playing surfaces and athletic injuries, including
studies comparing artificial turf and natural grass. The authors discuss findings across sports and
consider why results can differ between studies. The review provides background for
understanding how injury rates are measured and compared. It is useful alongside individual
studies, rather than as evidence that one surface has the same effect across all sports and
conditions.

Tags: Injury Data, Athlete Safety, Playing Surfaces, Natural Grass vs Artificial Turf, Sports Medicine, Injury Rates,
Performance Research

Best Supports:

+ Introducing research on playing surfaces and injury rates

+ Explaining why findings can vary between studies

+ Discussing how injury outcomes are measured and compared

+ Placing individual surface studies in a broader research context
- Avoiding blanket conclusions across sports and surfaces

Strategic Use Note: Use as background on the playing-surface injury literature. Pair it with
studies from the specific sport or population under discussion.

Citation (Chicago): Dragoo, J.L., and H.J. Braun. “The Effect of Playing Surface on Injury Rate.”

Sports Medicine 40, no. 11 (2010): 981-990. https://doi.org/10.2165/11535910-000000000-00000.
Footnote: J.L. Dragoo and H.J. Braun, “The Effect of Playing Surface on Injury Rate.”
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1.3 Comparison of Injuries Sustained on Artificial Turf and Grass
by Male and Female Elite Football Players

Source: National Library of Medicine | Type: Peer-Reviewed Journal Article published in
Scandinavian Journal of Medicine & Science in Sports | https://pubmed.ncbi.nlm.nih.gov/20456680/

This peer-reviewed study compares injury incidence among elite male and female football (soccer)
players competing on artificial turf and natural grass. The researchers found no significant difference
in the overall acute injury rate by surface for either group. The study also reports some differences
in specific injury types among the men. It provides a comparison from elite football, with results that
should be described by injury category and player group.

Tags: Safety data, Injury, Sports Performance, natural grass, exposure data

Best Supports:
+ Discussions surrounding athlete-surface interaction and performance
- Statements that modern artificial turf systems do not consistently show higher overall injury
rates compared to natural grass
- Context that injury outcomes are influenced by multiple variables beyond surface type alone
- Counterarguments to blanket statements claiming artificial turf is inherently
more dangerous

Strategic Use Note: Use as a balanced contextual source to support the idea that injury
research surrounding playing surfaces is multifactorial and evolving. Particularly useful for
reinforcing that athlete safety discussions cannot be reduced to surface type alone, and that
modern turf systems differ significantly from earlier generations often referenced in

public perception.

Citation (Chicago): Ekstrand, Jan, Markus Hagglund, and Colin W. Fuller. “Comparison of Injuries
Sustained on Artificial Turf and Grass by Male and Female Elite Football Players.” Scandinavian
Journal of Medicine & Science in Sports 21, no. 6 (2011): 824-832. https://doi.org/10.1111/

j.1600-0838.2010.01118.x.
Footnote: Jan Ekstrand, Markus Hagglund, and Colin W. Fuller, “Comparison of Injuries Sustained on Artificial Turf
and Grass by Male and Female Elite Football Players.”

1.4 Incidence, Mechanisms, and Severity of Game-Related College
Football Injuries on FieldTurf versus Natural Grass

Source: National Library of Medicine (PDF on file) | Type: Peer-reviewed journal article /
prospective cohort injury study | https://pubmed.ncbi.nlm.nih.gov/20075177/

This prospective study examines game-related injuries among college football players competing on
FieldTurf and natural grass over multiple seasons. Meyers analyzed injury incidence, severity, injury
mechanisms, and surface interactions among collegiate athletes, contributing to the broader body of
literature evaluating athlete safety across playing surfaces. The study is particularly valuable
because it moves beyond simplistic “turf versus grass” framing and instead evaluates how factors
such as shoe-surface interaction, environmental conditions, field consistency, and athlete
biomechanics influence injury outcomes. Findings from the study indicated that modern synthetic
turf systems did not produce higher overall injury rates than natural grass and, in some categories,
demonstrated lower rates of specific injuries. The paper also reinforces the importance of
evaluating surface quality, maintenance, and design characteristics rather than relying on
generalized assumptions about artificial turf systems.
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Tags: injury data, athlete safety, football, surface performance, biomechanics, shoe-surface interaction, sports
medicine, field consistency

Best Supports:

+ Claims that modern artificial turf systems do not inherently produce higher injury rates than
natural grass

- Discussions surrounding the complexity of athlete-surface interaction

+ Arguments against oversimplified narratives surrounding turf safety

+ Statements emphasizing that injury risk is influenced by multiple interdependent factors,
including maintenance, surface design, footwear, and environmental conditions

- Broader discussions surrounding evidence-based evaluation of playing surfaces

+ Sections discussing performance consistency and engineered surface characteristics

Strategic Use Note: Useful for reinforcing that athlete safety research surrounding artificial
turf is nuanced and multifactorial rather than conclusively one-sided. Particularly valuable
when addressing generalized claims that synthetic turf is inherently more dangerous than
natural grass. Because portions of Meyers' broader body of work have involved FieldTurf-
related funding, it is best paired alongside independent and international studies to strengthen
credibility and demonstrate balanced sourcing.

Citation (Chicago): Meyers, M. C. “Incidence, Mechanisms, and Severity of Game-Related College
Football Injuries on FieldTurf versus Natural Grass.” The American Journal of Sports Medicine 37,

no. 4 (2009). https://pubmed.ncbi.nlm.nih.gov/20075177/.
Footnote: Meyers, “Incidence, Mechanisms, and Severity of Game-Related College Football Injuries.”

1.5 Incidence of Knee Injuries on Artificial Turf versus Natural
Grass in National Collegiate Athletic Association American
Football: 2004-2005 through 2013-2014 Seasons

Source: Sage Journals | Type: Peer-Reviewed Scientific Journal Article published in the American
Journal of Sports Medicine
https://journals.sagepub.com/doi/10.1177/0363546519833925

This peer-reviewed study analyzes NCAA football injury surveillance data from the 2004-2005
through 2013-2014 seasons to compare knee injuries on artificial turf and natural grass. The
researchers examined multiple categories of knee injuries, including ACL injuries and non-contact
injuries, while evaluating athlete exposure across collegiate competition and practice settings. The
authors report differences for specific injuries in some of those comparisons. The findings are most
useful when the injury type and division are named, rather than described as a general increase in
knee injuries on turf. The authors also emphasized the complexity of injury causation and noted that
multiple variables may influence injury outcomes, including footwear, maintenance conditions,
athlete biomechanics, field quality, weather, and differences among turf generations and
construction systems. The paper contributes important nuance to discussions surrounding athlete

safety by reinforcing that playing surface research is multifactorial and continues to evolve
alongside advancements in turf technology and sports medicine.

Tags: injury data, knee injuries, ACL injuries, football, athlete safety, biomechanics, playing surface, NCAA athletics,
sports medicine, noncontact injuries
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Best Supports:

- Balanced discussions surrounding injury research on playing surfaces

+ Keeping injury-specific findings separate from overall injury claims

- Reinforcing that athlete safety discussions are multifactorial and evolving

- Context surrounding knee injuries and non-contact injury mechanisms

+ Supporting nuanced, evidence-based evaluation of turf systems

« Discussions involving footwear, maintenance, and field conditions as contributing variables

Strategic Use Note: This is an important credibility source because it demonstrates a
willingness to acknowledge nuanced or mixed findings in the sports medicine literature rather
than presenting only favorable studies. Best used carefully within balanced discussions of
athlete safety and injury complexity, especially when reinforcing that injury outcomes are
influenced by numerous interacting variables beyond surface type alone.

Citation (Chicago): Loughran, Galvin J., Christian T. Vulpis, Jordan P. Murphy, David A. Weiner,
Steven J. Svoboda, Richard Y. Hinton, and Dave P. Milzman. “Incidence of Knee Injuries on Artificial
Turf versus Natural Grass in National Collegiate Athletic Association American Football: 2004-2005
through 2013-2014 Seasons.” The American Journal of Sports Medicine 47, no. 6 (2019): 1294-1301.

https://doi.org/10.1177/0363546519833925.
Footnote: Loughran et al., “Incidence of Knee Injuries on Artificial Turf versus Natural Grass in National Collegiate
Athletic Association American Football.”

1.6 Impact of Playing Surface on Concussion Symptoms in Young
American Football Players

Source: Clinical Journal of Sports Medicine | Type: Peer-Reviewed Scientific Journal Article
https://journals.lww.com/cjsportsmed/fulltext/2024/07000/
impact_of_playing_surface_on_concussion_symptoms.4.aspx

This peer-reviewed study examines concussion symptoms reported by young American football
players after a helmet-to-ground concussion on natural grass or artificial turf. Researchers
compared symptom severity and symptom counts among athletes seen at specialty clinics within 14
days of injury. The study found that athletes who sustained concussions on natural grass reported
significantly higher symptom severity scores and a greater total number of symptoms compared
with those injured on artificial turf. The paper is particularly valuable because it moves beyond
simply comparing concussion incidence and instead examines post-concussive symptom outcomes
associated with playing surface. The authors frame the playing surface as a potentially modifiable
environmental factor while also acknowledging the complexity of concussion research and the need
for additional long-term investigation. Importantly, the study reinforces broader trends identified in
previous sports medicine literature suggesting that artificial turf does not inherently produce worse
concussion outcomes and may, in some situations, be associated with reduced symptom severity.

Tags: concussions, athlete safety, football, concussion severity, sports medicine, biomechanics, playing surface,
artificial turf vs grass, youth athletics, SCAT

Best Supports:

- Discussing symptom severity among the patients studied

- Claims that concussion outcomes on artificial turf are not inherently worse than
natural grass

+ Evidence supporting nuanced, evidence-based evaluation of athlete safety

- Discussions involving surface consistency and impact characteristics

- Supporting broader injury and biomechanics conversations

- Countering oversimplified assumptions that natural grass is universally safer
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Strategic Use Note: Strong source for demonstrating that concussion research involving
playing surfaces continues to evolve and does not uniformly support claims that artificial turf
produces worse neurological outcomes. Best used carefully and alongside broader sports
medicine literature, as the study itself acknowledges limitations related to sample size and
the need for additional research. Particularly effective for reinforcing balanced, evidence-
based framing rather than making definitive safety claims.

Citation (Chicago): Heinzelmann, Morgan Michelle, Mathew Stokes, Shane M. Miller, Stephen C.
Bunt, Linda S. Hynan, Nyaz Didehbani, and C. Munro Cullum. “Impact of Playing Surface on
Concussion Symptoms in Young American Football Players.” Clinical Journal of Sport Medicine 34,

no. 4 (2024): 357-361. https://doi.org/10.1097/jsm.0000000000001204.
Footnote: Heinzelmann et al., “Impact of Playing Surface on Concussion Symptoms in Young American Football
Players.”

1.7 Study Finds Fewer, Less Severe Concussions on Artificial
Turf vs. Natural Grass

Source: UT Southwestern Medical Center | Type: Medical Institution News Release / Research
Summary
https://www.utsouthwestern.edu/newsroom/articles/year-2024/aug-natural-grass-football-
concussions.html

This UT Southwestern article summarizes research on concussion symptoms among young
American football players seen at specialty clinics after a helmet-to-ground concussion on grass or
artificial turf. It reports that patients in the grass group described more symptoms at their initial
visit. The article also discusses how surface consistency, shock absorption characteristics, and
environmental conditions may influence head impact biomechanics and concussion outcomes. While
the article itself is not the original peer-reviewed study, it serves as a useful summary of emerging
research challenging longstanding assumptions that natural grass is always the safer surface. The
resource is particularly valuable for demonstrating that athlete safety research surrounding playing
surfaces continues to evolve and that findings are often more nuanced than public

narratives suggest.

Tags: concussions, athlete safety, football, injury data, biomechanics, surface consistency, sports medicine, head
injuries, artificial turf vs grass

Best Supports:

+ Discussions surrounding concussion incidence and severity on different playing surfaces
- Claims that athlete safety research on artificial turf is evolving and multifactorial

- Counterarguments to blanket assumptions that natural grass is universally safer

+ Discussions involving surface consistency and impact attenuation

+ Broader conversations about evidence-based evaluation of playing surfaces

- Supporting nuanced framing around sports injury research

Strategic Use Note: Best used as a supplemental or contextual source rather than as a
primary scientific citation since this is a medical center summary article rather than the
original peer-reviewed publication. Strongest when paired with the underlying study itself or
broader sports medicine literature to reinforce credibility and avoid overstating findings.

Citation (Chicago): UT Southwestern Medical Center. “Study Finds Fewer, Less Severe Concussions
on Artificial Turf vs. Natural Grass.” 2024. https://www.utsouthwestern.edu/newsroom/articles/

year-2024/aug-natural-grass-football-concussions.html.
Footnote: UT Southwestern Medical Center, “Study Finds Fewer, Less Severe Concussions on Artificial Turf vs.
Natural Grass.”
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1.8 NFL Mandates Playing Surfaces for All Stadiums Meet New
Standards by 2028 to Enhance Player Safety

Source: The Associated Press | Type: News Article / League Policy Announcement
https://www.nfl.com/news/nfl-mandates-new-playing-surfaces-all-stadiums-2028-enhance-player-
safety

This Associated Press article summarizes the NFL's announcement that stadium playing surfaces
must meet league standards by 2028. The article explains that the updated standards are intended
to improve athlete safety through more rigorous field testing, maintenance expectations, and
surface performance requirements across both artificial and natural playing fields. Importantly, the
policy focuses on measurable performance outcomes and surface quality standards rather than
categorically favoring one surface type over another. The article reinforces broader themes within
sports medicine and field engineering discussions that athlete safety is influenced by factors such as
consistency, maintenance, shock absorption, traction, and surface management. It also highlights
the growing emphasis professional sports organizations are placing on objective performance
testing and evidence-based field evaluation.

Tags: NFL, player safety, surface standards, field performance, sports medicine, athlete safety, testing standards,
playing surfaces, field maintenance, surface consistency

Best Supports:

« Discussions surrounding evolving playing surface safety standards

- Claims that athlete safety evaluation is increasingly performance-based and
evidence-driven

- Context involving field testing, consistency, and maintenance standards

- Supporting broader discussions about surface engineering and athlete performance

- Reinforcing that both natural and artificial systems are evaluated under
performance criteria

- Discussions surrounding objective safety benchmarks rather than surface-type assumptions

Strategic Use Note: Best used to demonstrate that professional sports organizations are
moving toward standardized performance and safety benchmarks rather than framing athlete
safety as a simple “grass versus turf” debate. Because this is a news summary of league
policy rather than a peer-reviewed scientific study, it works strongest as contextual industry
evidence alongside sports medicine research and technical standards sources.

Citation (Chicago): The Associated Press. “NFL Mandates Playing Surfaces for All Stadiums Meet
New Standards by 2028 to Enhance Player Safety.” NFL.com, December 4, 2025. https://

www.nfl.com/news/nfl-mandates-new-playing-surfaces-all-stadiums-2028-enhance-player-safety.
Footnote: The Associated Press, “NFL Mandates Playing Surfaces for All Stadiums Meet New Standards by 2028 to
Enhance Player Safety.”
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2. PFAs & Chemical Exposure Research

Peer-reviewed studies on PFAS and fluorinated compounds in turf and agricultural systems,
followed by government and regulatory resources, a legal analysis, and TenCate's own corporate
and executive statements on PFAS.

2.1 Widespread Occurrence of Non-Extractable Fluorine in
Artificial Turfs from Stockholm, Sweden

Source: ACS Publications (Document on file) | Type: Peer-Reviewed Journal Article
https://pubs.acs.org/doi/10.1021/acs.estlett.2c00260

This peer-reviewed study analyzes fluorinated compounds in artificial turf samples collected in
Stockholm, Sweden. Researchers analyzed turf backing, blades, and infill materials to determine the
prevalence, extractability, and potential environmental behavior of fluorinated compounds present
in the materials. Importantly, the study found that while fluorine was widely detected, the
overwhelming majority existed in non-extractable forms that were not readily mobile or
bioavailable. The authors concluded that the fluorinated substances identified in the artificial turf
samples did not appear to pose an imminent risk to users due to their poor extractability and limited
conversion into more mobile PFAS compounds. However, the study also emphasized that broader
environmental concerns remain regarding artificial turf disposal, production processes, and
contributions to environmental microplastic contamination. The paper is particularly valuable
because it presents a nuanced and balanced discussion rather than framing artificial turf as either
entirely harmless or uniquely hazardous.

Tags: PFAS, Fluorine, Artificial Turf, Microplastics, Environmental Exposure, Material Composition, Processing
Aids, Recycling, End-of-Life Management, Environmental Fate, Turf Manufacturing

Best Supports:

Claims that PFAS discussions surrounding artificial turf are complex and nuanced

Statements that fluorinated compounds detected in turf are often non-extractable and not
readily mobile

- Discussions about PFAS being used as polymer-processing aids during manufacturing

+ Explanations that PFAS are not necessarily primary material components of turf systems

- Statements that current research has not identified artificial turf as a major direct exposure
pathway for users

Discussions surrounding the persistence and widespread environmental presence of PFAS

Balanced framing acknowledging that concerns surrounding production, disposal, and
environmental transport still warrant continued research

+ Support for discussions surrounding microplastics and end-of-life considerations in
turf systems

Context for explaining the difference between detectable fluorine and meaningful
exposure risk

.

.

.

.

Strategic Use Note: Use carefully to acknowledge ongoing PFAS and environmental concerns
while reinforcing the distinction between detectable fluorine and meaningful exposure risk.
Particularly valuable for supporting discussions around non-extractable fluorine, processing
aids, and industry movement toward PFAS-free manufacturing practices.
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Citation (Chicago): Lauria, Mélanie Z., Ayman Naim, Merle Plassmann, Jenny Féldt, Roxana Siihring,
and Jonathan P. Benskin. “Widespread Occurrence of Non-Extractable Fluorine in Artificial Turfs
from Stockholm, Sweden.” Environmental Science & Technology Letters 9, no. 7 (2022): 666-672.

https://doi.org/10.1021/acs.estlett.2c00260
Footnote: Mélanie Z. Lauria et al., “Widespread Occurrence of Non-Extractable Fluorine in Artificial Turfs from
Stockholm, Sweden.”

2.2 Uptake of Per- and Polyfluoroalkyl Substances in Mixed
Forages on Biosolid-Amended Farm Fields

Source: ACS Publications (Document on File) | Type: Peer-Reviewed Scientific Journal Article
published in Journal of Agricultural and Food Chemistry
https://pubs.acs.org/doi/10.1021/acs.jafc.4c02078

This peer-reviewed study examines PFAS uptake in forage crops grown on agricultural fields treated
with biosolids. The researchers investigate whether PFAS in biosolids-amended soils can be taken
up by plants. The study highlights how PFAS contamination pathways extend beyond consumer
products and manufactured materials, reinforcing the reality that PFAS are part of a larger
environmental issue involving soil, water, agriculture, and waste management practices. This article
is particularly valuable for contextualizing PFAS as a widespread environmental concern rather
than a turf-specific phenomenon. The paper also supports broader systems-based discussions
surrounding environmental transport, persistence, and the complexity of evaluating PFAS exposure
pathways across interconnected ecosystems.

Tags: PFAS, biosolids, agriculture, environmental contamination, soil, water systems, environmental transport,
exposure pathways, environmental persistence, sustainability

Best Supports:

+ Contextualizing PFAS as an environmental issue extending far beyond turf

+ Supporting the idea that PFAS discussions require broader systems-based evaluation

- Research on whether forage crops take up PFAS from soil treated with biosolids

- Placing turf-related PFAS questions alongside research on other sources, including PFAS in
biosolids-treated agricultural soil

Strategic Use Note: Particularly useful for reinforcing that PFAS are a widespread
environmental issue involving multiple industries and environmental systems, not a
phenomenon isolated to artificial turf. Best used carefully to contextualize broader PFAS
exposure pathways without minimizing legitimate environmental concerns surrounding
persistence and contamination.

Citation (Chicago]: Simones, Thomas L., Chris Evans, Caleb P. Goossen, Richard Kersbergen, Ellen B.
Mallory, Susan Genualdi, Wendy Young, and Andrew E. Smith. “Uptake of Per- and Polyfluoroalkyl
Substances in Mixed Forages on Biosolid-Amended Farm Fields.” Journal of Agricultural and Food

Chemistry 72, no. 42 (2024): 23108-23117. https://doi.org/10.1021/acs.jafc.4c02078.
Footnote: Simones et al., “Uptake of Per- and Polyfluoroalkyl Substances in Mixed Forages on Biosolid-Amended
Farm Fields.”

2.3 Exploring the Human Health Impact of Artificial Turf
Worldwide: A Systematic Review

Source: National Library of Medicine (Document on File) | Type: Peer-Reviewed Systematic Review
https://pmc.ncbi.nlm.nih.gov/articles/PMC11653453/

This systematic review examines research on chemicals associated with artificial turf and potential

human health effects. It reviews studies of substances including PAHs, heavy metals, and rubber
additives, along with different exposure and risk-assessment methods. While certain studies
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identified potentially hazardous concentrations of chemicals exceeding some regulatory thresholds,
the review also emphasized that bio-accessibility and real-world exposure risks varied significantly
depending on exposure pathway and conditions. Importantly, the authors concluded that definitive
conclusions regarding human health risks under real-world exposure scenarios could not yet be
established and that additional research remains necessary.

Tags: artificial turf, human health, PFAS, microplastics, heavy metals, PAHs, chemical exposure, systematic review,
bio-accessibility, toxicology

Best Supports:

- Discussion of evolving scientific research related to artificial turf exposure pathways

- Explaining the role of bio-accessibility in risk assessments

+ Uncertainty in long-term health outcomes

+ The importance of distinguishing hazard identification from demonstrated real-world risk.

Strategic Use Note: Useful for demonstrating that the current scientific literature surrounding
artificial turf remains nuanced and evolving rather than definitive. Best used to support
balanced discussions acknowledging ongoing research and uncertainty while avoiding
overstated conclusions in either direction.

Citation (Chicago): Ryan-Ndegwa, Sebastian, Reza Zamani, and Tanimola Martins. “Exploring the
Human Health Impact of Artificial Turf Worldwide: A Systematic Review.” Environmental Health

Insights 18 (2024). https://pmc.ncbi.nlm.nih.gov/articles/PMC11653453/.
Footnote: Ryan-Ndegwa, Zamani, and Martins, “Exploring the Human Health Impact of Artificial Turf Worldwide.

2.4 OEHHA Synthetic Turf Study: Chemical Exposure from Turf
Report

Source: California Office of Environmental Health Hazard Assessment (OEHHA) (PDF on File) |
Type: Government Health Risk Assessment / Regulatory Study
https://oehha.ca.gov/risk-assessment/report/release-final-report-synthetic-turf

This California OEHHA report evaluates potential chemical exposure risks associated with synthetic
turf fields containing crumb rubber infill. The study assessed volatile organic compounds (VOCs),
semi-volatile organic compounds (SVOCs), metals, and other chemicals through multiple exposure
pathways including inhalation, dermal contact, and incidental ingestion. Using conservative “worst-
case” exposure assumptions, the report concluded that no significant health risks were identified for
players, coaches, referees, or spectators under normal conditions of use. While a limited number of
exposure scenarios produced small exceedances, the report characterized these as low probability
and low concern. The report was especially valuable for its distinction between detectable chemical
presence and meaningful toxicological risk under real-world exposure conditions.

Tags: synthetic turf, chemical exposure, crumb rubber, OEHHA, California, toxicology, VOCs, SVOCs, health risk
assessment, regulatory review

Best Supports:

« Discussion of chemical exposure risk assessments related to synthetic turf
- Distinction between chemical detection and exposure risk

+ Evidence suggesting low health concern under typical field-use conditions

Strategic Use Note: Especially valuable in California policy discussions because it originates
from California’s own environmental health agency rather than industry sources. Best used to
support nuanced discussions of exposure risk and toxicological assessment rather than broad
claims of absolute safety.
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Citation (Chicago): California Office of Environmental Health Hazard Assessment. OEHHA Synthetic
Turf Study: Chemical Exposure from Turf Report. Sacramento, CA: California Environmental

Protection Agency, 2026.
Footnote: California Office of Environmental Health Hazard Assessment, OEHHA Synthetic Turf Study.

2.5 Frequently Asked Questions (FAQs)

Source: California Proposition 65 FAQ Page | Type: Government Regulatory Resource
https://www.pé5warnings.ca.gov/frequently-asked-questions

This California Proposition 65 FAQ explains the state’s warning requirements and how exposure
thresholds relate to warnings. It clarifies that a warning is not, by itself, a determination that a
product is unsafe or prohibited. The FAQ explains the warning system,; it does not evaluate artificial
turf or any particular product. Use it for regulatory context, not as evidence about turf safety.

Tags: Proposition 65, chemical regulation, exposure thresholds, consumer safety, PFAS, chemical disclosure,
regulatory compliance, environmental health, warning labels

Best Supports:

+ Explaining Proposition 65 warning requirements

- Clarifying what a warning does and does not establish

+ Discussing the role of exposure thresholds

- Distinguishing a legal warning from a product safety assessment

-+ Supporting nuanced conversations around chemical regulation and public perception

Strategic Use Note: Particularly useful for clarifying how chemical warning systems operate
and for addressing misconceptions that the mere presence of a listed substance automatically
indicates significant health risk. Best used carefully and factually to avoid appearing
dismissive of public health concerns.

Citation (Chicago]: California Office of Environmental Health Hazard Assessment. “Frequently Asked
Questions (FAQs).” Proposition 65 Warnings Website. Accessed April 7, 2026. https://

www.pé5warnings.ca.gov/about/frequently-asked-questions.
Footnote: California Office of Environmental Health Hazard Assessment, “Frequently Asked Questions (FAQs).”

2.6 EU REACH

Source: International Trade Administration | Type: Government Trade / Regulatory Resource
https://www.trade.gov/eu-reach

This International Trade Administration page provides an overview of the European Union’s REACH
regulation, which governs the registration, evaluation, authorization, and restriction of chemical
substances. It describes a broad framework that applies across industries and products sold in the
EU. The source is valuable for contextualizing how synthetic materials and industrial products are
evaluated within established international regulatory systems. It also helps reinforce that
discussions surrounding chemical safety and material composition occur within evolving global
compliance frameworks rather than outside regulatory oversight.

Tags: REACH, chemical regulation, regulatory compliance, manufacturing standards, environmental policy,
chemical safety, international standards, PFAS, material transparency
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Best Supports:

+ Explaining Proposition 65 warning requirements

- Clarifying what a warning does and does not establish

- Discussing the role of exposure thresholds

- Distinguishing a legal warning from a product safety assessment

+ Supporting nuanced conversations around chemical regulation and public perception

Strategic Use Note: Particularly useful for clarifying how chemical warning systems operate and
for addressing misconceptions that the mere presence of a listed substance automatically
indicates significant health risk. Best used carefully and factually to avoid appearing dismissive
of public health concerns.

Citation (Chicago): International Trade Administration. “EU REACH.” Accessed April 7, 2026. https://

www.trade.gov/eu-reach.
Footnote: International Trade Administration, “EU REACH.”

2.7 Finding Forever Chemicals Wherever They're Hiding

Source: National Institute of Standards and Technology | Type: Government Educational /
Scientific Feature Article
https://www.nist.gov/feature-stories/finding-forever-chemicals-wherever-theyre-hiding

This National Institute of Standards and Technology feature discusses the challenges of detecting
and measuring PFAS. It provides general background on PFAS research and the methods scientists
use to study the chemicals. The article explains that PFAS are a large class of highly stable
compounds that became widely used in manufacturing and consumer products because of their
resistance to heat, water, and chemical degradation. It also highlights the complexity of studying
PFAS due to their widespread environmental presence, persistence, and the challenges associated
with accurately measuring thousands of different PFAS compounds. The source is especially useful
for reinforcing that PFAS are not isolated to any single product category or industry, but are part of
a broader environmental and regulatory conversation involving water systems, soil, consumer
goods, industrial processes, and atmospheric transport.

Tags: PFAS, NIST, environmental persistence, environmental systems, scientific research, detection methods,
environmental transport, manufacturing, sustainability, regulatory science

Best Supports:

- Discussions framing PFAS as a broad environmental issue rather than a turf-exclusive concern
- Claims involving the widespread historical use of PFAS across industries

+ Context surrounding environmental persistence and scientific complexity

- Discussions involving detection methods and evolving research methodologies

- Supporting systems-based environmental evaluation approaches

- Reinforcing that scientific understanding of PFAS continues to evolve

Strategic Use Note: Excellent source for reinforcing a balanced, scientifically grounded
discussion of PFAS without sensationalizing the issue. Particularly effective for contextualizing
PFAS as a complex environmental systems challenge involving many industries and exposure
pathways. Best used to support nuance, scientific uncertainty, and broader environmental
framing rather than making definitive safety claims.

Citation (Chicago): National Institute of Standards and Technology. “Finding Forever Chemicals
Wherever They're Hiding.” Accessed April 2026. https://www.nist.gov/feature-stories/finding-

forever-chemicals-wherever-theyre-hiding.
Footnote: National Institute of Standards and Technology, “Finding Forever Chemicals Wherever They're Hiding.”
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2.8 What to Know About PFAS

Source: Johns Hopkins Bloomberg School of Public Health | Type: Public Health Educational
Resource
https://publichealth.jhu.edu/2024/what-to-know-about-pfas

This Johns Hopkins Bloomberg School of Public Health resource provides an accessible overview of
PFAS, including their uses and public health questions. It offers general background for readers
learning about the chemical group. The article explains that PFAS became widely used because of
their effectiveness in resisting heat, water, grease, and chemical degradation, leading to their
incorporation into numerous consumer products and industrial applications over several decades.
The source is especially valuable for helping non-technical audiences understand why PFAS became
so widespread and why they are now the subject of growing scientific and regulatory attention. It
reinforces broader discussions surrounding interconnected exposure pathways, environmental
persistence, and the evolving nature of PFAS research while maintaining a measured and
educational tone.

Tags: PFAS, public health, environmental exposure, manufacturing, consumer products, environmental
persistence, regulatory science, sustainability, exposure pathways

Best Supports:

+ Accessible introductions and explanations of PFAS

+ Discussions involving the widespread historical use of PFAS across industries

- Context surrounding environmental persistence and interconnected exposure pathways
- Supporting broader systems-based environmental discussions

- Reinforcing the evolving nature of PFAS research and regulation

- Helping contextualize PFAS within everyday consumer and industrial applications

Strategic Use Note: Particularly useful for maintaining an approachable and educational tone
within the PFAS section. Strong supporting source for explaining why PFAS became widely
adopted historically without framing the issue in alarmist or overly defensive terms. Best
paired with scientific or regulatory sources when discussing toxicology, exposure thresholds,
or environmental measurement.

Citation (Chicago): Johns Hopkins Bloomberg School of Public Health. “What to Know About PFAS.”

2024. https://publichealth.jhu.edu/2024/what-to-know-about-pfas.
Footnote: Johns Hopkins Bloomberg School of Public Health, “What to Know About PFAS.”

2.9 Warning: New Proposition 65 Amendments in Effect in 2025

Source: Stinson | Type: Legal / Regulatory Analysis Article
https://www.stinson.com/newsroom-publications-warning-new-proposition-65-amendments-in-
effect-in-2025

This Stinson LLP legal update discusses changes to California Proposition 65 warning requirements
that took effect in 2025. The article explains changes involving labeling language, exposure
disclosure expectations, enforcement considerations, and compliance obligations for manufacturers
and businesses operating within California markets. The source is valuable for demonstrating how
chemical disclosure regulations continue to evolve alongside growing public and regulatory
attention surrounding substances such as PFAS and other listed chemicals. It also provides useful
context regarding the complexity of compliance frameworks and how regulatory systems often
focus on disclosure and exposure assessment rather than outright prohibition of materials or
products.

Tags: Proposition 65, chemical regulation, regulatory compliance, exposure disclosure, PFAS, consumer warnings,
legal standards, California regulations, chemical risk communication
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Best Supports:

+ Discussions surrounding evolving chemical disclosure regulations

+ Providing context on Proposition 65 compliance

- Claims that chemical regulation frameworks continue to evolve over time

- Explanations distinguishing disclosure requirements from outright product bans

+ Supporting broader conversations about regulatory oversight and risk communication

+ Discussions involving public perception of chemical warnings and compliance standards

Strategic Use Note: Best used as a supplemental regulatory context when speaking from legal
perspectives rather than as a scientific or health-risk source. Particularly useful for explaining
how warning and disclosure systems operate within evolving legal frameworks but should be
paired with scientific or governmental sources when discussing exposure, toxicology, or
health outcomes.

Citation (Chicago): Stinson LLP. “Warning: New Proposition 65 Amendments in Effect in 2025."
Accessed April 7, 2026. https://www.stinson.com/newsroom-publications-warning-new-

proposition-65-amendments-in-effect-in-2025.
Footnote: Stinson LLP, “Warning: New Proposition 65 Amendments in Effect in 2025.”

3. Microplastics Research

Peer-reviewed review literature on microplastics as an environmental and food-safety issue,
followed by two federal science-agency resources.

3.1 Microplastics: A Real Global Threat for Environment and Food
Safety: A State of the Art Review

Source: National Library of Medicine (PDF on File) | Type: Peer-Reviewed Scientific Review Article
https://pmc.ncbi.nlm.nih.gov/articles/PMC9920460/

This peer-reviewed review surveys research on microplastics in environmental systems and
potential exposure pathways. The paper synthesizes current scientific literature regarding sources
of microplastics, environmental transport mechanisms, ecological persistence, and potential health
concerns associated with long-term exposure. The authors emphasize that microplastics originate
from a wide range of sources, including packaging, textiles, tire wear, industrial activity, and
degradation of larger plastic materials. The review is especially useful for contextualizing
microplastics as a broad systems-level environmental issue rather than a concern isolated to any
single industry or product category. The paper also reinforces that scientific understanding of long-
term health impacts remains an evolving area of research and that exposure pathways are highly
interconnected across modern environments.

Tags: microplastics, environmental systems, exposure pathways, tire wear, plastics, environmental persistence,
food systems, water systems, sustainability, environmental health

Best Supports:

+ Discussions framing microplastics as a broad environmental issue rather than a turf-
exclusive concern

+ Providing background on potential exposure pathways

- Context surrounding tire wear, textiles, and consumer products as major contributors to
microplastic pollution

+ Discussions involving environmental persistence and accumulation

+ Supporting systems-based environmental evaluation frameworks

+ Reinforcing that scientific understanding of long-term health impacts continues to evolve
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Strategic Use Note: Useful for establishing balanced credibility within the microplastics
discussion because it openly acknowledges legitimate environmental concerns while
reinforcing that microplastic pollution extends far beyond synthetic turf systems alone. Best
used carefully and contextually rather than as a defensive source, particularly because
portions of the paper use broad or cautionary language regarding environmental and health
impacts.

Citation (Chicago): Ziani, Khaled, et al. “Microplastics: A Real Global Threat for Environment and
Food Safety: A State of the Art Review.” Nutrients 15, no. 3 (2023): 617. https://doi.org/10.3390/

nu15030617.
Footnote: Ziani et al., “Microplastics: A Real Global Threat for Environment and Food Safety.”

3.2 Microplastics Research

Source: U.S. Environmental Protection Agency | Type: Government Agency Research Resource
https://www.epa.gov/water-research/microplastics-research

This EPA page describes the agency'’s research on microplastics, including work on their
occurrence, measurement, and environmental effects. The page outlines current scientific efforts

focused on identifying sources of microplastics, improving detection and measurement methods,
understanding environmental transport, and evaluating potential ecological and human health
impacts. The EPA emphasizes that microplastics research is still developing and that many
questions regarding occurrence, exposure, and long-term risk remain under active investigation.
The source is especially useful for framing microplastics as a broad environmental research issue
involving multiple industries, materials, and environmental systems rather than a concern isolated
to a single product category. It also reinforces the importance of evidence-based, systems-oriented
evaluation and highlights the need for continued scientific study as methodologies and
understanding continue to evolve.

Tags: microplastics, EPA, environmental research, exposure pathways, water systems, environmental transport,
risk assessment, sustainability, environmental health, plastics

Best Supports:

+ Discussions framing microplastics as an evolving area of scientific research

« Claims that microplastics originate from many environmental and consumer sources

- Context involving environmental transport and exposure pathways

+ Statements regarding ongoing research into ecological and human health impacts

+ Supporting systems-based environmental evaluation approaches

- Reinforcing the need for evidence-based and proportionate environmental discussions

Strategic Use Note: One of the strongest sources for maintaining a balanced and scientifically
grounded tone within the microplastics section. Particularly effective because it avoids
sensational framing while acknowledging legitimate ongoing research needs and
environmental concerns. Best used to reinforce uncertainty, complexity, and the evolving
nature of the science rather than making definitive claims about safety or harm.

Citation (Chicago): U.S. Environmental Protection Agency. “Microplastics Research.” Accessed April

2026. https://www.epa.gov/water-research/microplastics-research.
Footnote: U.S. Environmental Protection Agency, “Microplastics Research.”
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3.3 What Are Microplastics?

Source: National Oceanic and Atmospheric Administration | Type: Government Educational /
Scientific Resource
https://oceanservice.noaa.gov/facts/microplastics.html

This NOAA educational page explains what microplastics are and how they can form as larger
plastics break down. It defines microplastics as particles smaller than five millimeters and provides
general background on their movement through the environment. The source is especially useful for
introducing microplastics in a scientifically grounded and accessible manner without
sensationalizing the issue. It reinforces that microplastics are part of a larger environmental
systems challenge involving numerous industries, products, and environmental pathways. The page
also supports broader discussions surrounding environmental transport, persistence, and the
evolving scientific understanding of ecological and human exposure impacts.

Tags: microplastics, NOAA, environmental systems, plastics, exposure pathways, tire wear, environmental
transport, sustainability, marine systems, environmental research

Best Supports:

+ Clear and accessible definitions of microplastics

« Distinguishing between primary and secondary microplastics

+ Providing background on environmental movement

- Claims that microplastics originate from numerous common sources

- Supporting systems-based environmental evaluation approaches

- Reinforcing that scientific understanding of impacts continues to evolve

Strategic Use Note: Excellent foundational source for introducing the topic of microplastics in
a measured, scientifically credible, and publicly accessible way. Particularly useful for
maintaining a calm and educational tone while avoiding sensational or overly defensive
framing. Strongest when paired with technical or peer-reviewed research sources later in the
section.

Citation (Chicago): National Ocean Service. “What Are Microplastics?” National Oceanic and
Atmospheric Administration. Accessed April 2026. https://oceanservice.noaa.gov/facts/

microplastics.html.
Footnote: National Ocean Service, “What Are Microplastics?”

4. Environmental Impact & Field Management

(Natural Grass vs. Synthetic Turf)

Peer-reviewed lifecycle and emissions research on both natural grass and synthetic turf field
maintenance, followed by government/university resources on agricultural runoff, and one TenCate-
authored technical white paper on turf heat performance.

4.1 Investigating the Challenges of Managing Natural Turfgrass
and Synthetic Turf on Community Sports Fields

Source: American Society for Horticultural Science | Type: Educational Online Resource / Peer-
Reviewed Scientific Journal Article
https://journals.ashs.org/view/journals/hortsci/59/7/article-p887.xml
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This study surveyed 97 managers and administrators about the challenges of managing natural
grass and synthetic turf on community sports fields. Respondents most often identified budget as a
challenge for both surfaces. For natural grass, use and scheduling and weather or climate were also
common challenges. For synthetic turf, use and scheduling and safety were also reported. The study
describes managers’ reported challenges; it does not measure or compare the environmental
impacts of the two surfaces.

Tags: lifecycle assessment, environmental impact, sustainability, athletic fields, irrigation, fertilizers, pesticides,
resource management, natural grass, artificial turf, systems-based evaluation

Best Supports:

+ Budget as a reported challenge for managing both natural grass and synthetic turf
+ Use and scheduling challenges reported for both types of community sports fields
+ Weather and climate challenges reported by natural grass managers

- Safety challenges reported by synthetic turf managers

- Managers’ perspectives on maintaining community sports fields

- The management challenges and solutions discussed in the study

Strategic Use Note: A useful source for understanding the practical challenges of managing
community sports fields. It reflects the perspectives of managers working with both natural
grass and synthetic turf, including concerns about budgets, scheduling, weather, and safety.
Use it to discuss field-management needs and the solutions considered in the study. It does
not evaluate lifecycle impacts or compare the environmental effects of the two surfaces.

Citation (Chicago): Yue, Chengyan, Manlin Cui, and Chase Straw. “Investigating the Challenges of
Managing Natural Turfgrass and Synthetic Turf on Community Sports Fields.” HortScience 59, no. 7
(2024): 887-895. https://doi.org/10.21273/HORTSCI17795-24.

Footnote: Yue et al., “Investigating the Challenges of Managing Natural Turfgrass and Synthetic Turf on Community
Sports Fields.”

4.2 GHG Emissions from Turfgrass Maintenance in Los Angeles
County

Source: Loyola Marymount University, Digital Commons | Type: Peer-Reviewed Environmental
Research Article
https://digitalcommons.lmu.edu/cgi/viewcontent.cgi?article=1362&context=cate

This peer-reviewed study examines greenhouse gas emissions associated with natural grass
maintenance practices across Los Angeles County. The authors evaluated emissions tied to
irrigation, mowing, fertilizers, maintenance equipment, and water infrastructure required to sustain
managed natural grass systems in an arid urban environment. The study estimated that natural
grass maintenance generated substantial annual greenhouse gas emissions, with irrigation
identified as one of the largest contributing factors due to the energy intensity of imported water
systems in Southern California. While the paper also discusses environmental concerns associated
with artificial turf, its primary contribution is demonstrating that heavily maintained natural grass
systems carry significant operational environmental impacts that are often overlooked in simplified
sustainability comparisons.

Tags: natural grass, greenhouse gas emissions, irrigation, sustainability, lifecycle analysis, turfgrass maintenance,
environmental impact, California, water use

Best Supports:

- Discussion of lifecycle environmental impacts associated with maintaining natural grass
systems

+ Operations emissions from the irrigation and maintenance of natural grass

+ The importance of systems-based sustainability comparisons

Page 17



%) PLAYING

“ FOR KEEPS
FOUNDATION

Strategic Use Note: Best used to counter oversimplified claims that natural grass fields are
environmentally impact-free. Should be used carefully, as portions of the discussion section
reference broader concerns regarding artificial turf drawn from external literature rather than
original exposure analysis conducted within the study itself.

Citation (Chicago): Rountree, et al. “"GHG Emissions from Turfgrass Maintenance in Los Angeles
County.” Cities and the Environment 18, no. 2 (2025). https://digitalcommons.lmu.edu/cate/vol18/
iss2/1/.

Footnote: Rountree et al., “"GHG Emissions from Turfgrass Maintenance in Los Angeles County.”

4.3 Nonpoint Source: Agriculture

Source: U.S. Environmental Protection Agency | Type: Government Agency Web Resource
https://www.epa.gov/nps/nonpoint-source-agriculture

This EPA page explains how agricultural activities can contribute to non-point-source pollution,
including runoff that carries nutrients, sediment, and other contaminants into waterways. The EPA
outlines how rainfall and irrigation can transport these substances into rivers, lakes, groundwater,
and surrounding ecosystems, contributing to broader environmental and water quality concerns.
While the resource is not specific to athletic fields or artificial turf, it is highly valuable for
contextualizing broader environmental discussions surrounding land management, chemical runoff,
and water contamination. The source reinforces the idea that environmental impact assessments
should consider all systems holistically, including recurring inputs and runoff associated with
natural grass maintenance.

Tags: Environmental Impact, Water Quality, Runoff, Fertilizers, Pesticides, Natural Grass Maintenance, Agriculture,
Sustainability, Watersheds, Non-point Source Pollution

Best Supports:

+ Claims regarding fertilizer and pesticide runoff entering water systems

+ Discussions surrounding environmental trade-offs between natural grass and artificial turf
+ Statements about recurring chemical inputs associated with natural grass maintenance

+ Explanations of how irrigation and rainfall contribute to runoff pathways

- Supporting a systems-based environmental evaluation framework

- Contextualizing that environmental impacts are not limited to synthetic systems alone

Strategic Use Note: Use to contextualize broader environmental discussions surrounding
runoff, recurring chemical inputs, and land management practices. Particularly effective for
reinforcing a systems-based environmental evaluation rather than framing sustainability
discussions as isolated to synthetic systems alone.

Citation (Chicago): U.S. Environmental Protection Agency. “Nonpoint Source: Agriculture.” Accessed
April 8, 2026. https://www.epa.gov/nps/nonpoint-source-agriculture.
Footnote: U.S. Environmental Protection Agency, “Nonpoint Source: Agriculture.”

4.4 Environmental Implications of Excess Fertilizer and Manure
on Water Quality

Source: North Dakota State University Publications | Type: University Extension / Educational
Online Resource

https://www.ndsu.edu/agriculture/extension/publications/environmental-implications-excess-
fertilizer-and-manure-water-quality
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This North Dakota State University Extension resource explains how excess fertilizer and manure
can affect water quality through runoff and nutrient leaching. The publication explains how nitrogen
and phosphorus inputs can contribute to ecosystem disruption, including algal blooms, oxygen
depletion, and broader water quality concerns. Although focused primarily on agricultural land
management, the source provides useful contextual support for discussions surrounding recurring
chemical inputs, irrigation practices, and environmental runoff associated with heavily maintained
natural grass systems. The resource is particularly valuable for reinforcing systems-based
environmental evaluation by illustrating that environmental impacts are not limited solely to
synthetic materials or surfaces.

Tags: water quality, fertilizer runoff, environmental impact, nutrient pollution, natural grass maintenance,
sustainability, irrigation, runoff, nonpoint source pollution

Best Supports:

- Describing water-quality concerns from excess fertilizer and manure

- Introducing how nutrients can move into water

« Contextualizing environmental trade-offs associated with natural grass management

+ Supporting systems-based environmental evaluation frameworks

+ Explaining nutrient runoff and leaching in agricultural settings

+ Reinforcing that environmental sustainability conversations extend beyond synthetic
materials alone

Strategic Use Note: Best used to contextualize the environmental impacts associated with
recurring maintenance practices required for heavily managed natural grass systems. Avoid
overstating the source as a direct comparison study between artificial turf and grass, as its
primary focus is agricultural nutrient management and water quality.

Citation (Chicago): North Dakota State University Extension. “Environmental Implications of Excess
Fertilizer and Manure on Water Quality.” Accessed April 8, 2026. https://www.ndsu.edu/
agriculture/extension/publications/environmental-implications-excess-fertilizer—and-manure-

water-quality.
Footnote: North Dakota State University Extension, "Environmental Implications of Excess Fertilizer and Manure on
Water Quality.”

4.5 Heat and Temperature Impacts of Synthetic Turf

Source: TenCate Grass (Document on File) | Type: Technical White Paper / SME Resource
Organization: TenCate Americas

This technical white paper prepared by Dr. Colin Young for the New York City Department of Parks &
Recreation examines the thermal behavior, heat stress implications, and urban heat island
considerations associated with synthetic turf systems. The paper evaluates differences between
legacy turf systems and newer engineered systems using modern cooling technologies, alternative
infills, reflective yarns, and non-infill designs such as Pivot™. It emphasizes that heat-related safety
discussions should not focus solely on surface temperature, but instead consider broader
environmental conditions through Wet Bulb Globe Temperature (WBGT), which incorporates
humidity, solar radiation, wind speed, and ambient temperature. The paper is especially valuable
because it presents a systems-based and policy-oriented discussion intended for municipalities and
public agencies rather than purely internal marketing. Dr. Young repeatedly distinguishes between
outdated turf systems using black SBR rubber infill and newer cooling-oriented turf technologies,
while also acknowledging legitimate heat concerns associated with legacy designs. The report
integrates peer-reviewed literature, municipal data, and engineering concepts to support a more
nuanced understanding of thermal performance and urban heat impacts.

Tags: heat island effect, WBGT, thermal performance, athlete safety, urban heat island, cooling technologies, Pivot,
GeoCool, Pivot Cool, SBR infill, policy, sports surfaces, heat stress
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Best Supports:

Distinguishing surface temperature from broader heat conditions

Explanations of WBGT as a more meaningful heat safety metric

Claims that modern turf systems differ substantially from legacy rubber-filled systems

- Discussions involving thermal engineering, reflective materials, and cooling technologies
+ Context surrounding urban heat island considerations and mitigation strategies

« Policy-oriented discussions involving municipalities, schools, and recreation departments
Comparisons between SBR-filled systems and newer cooling-oriented designs such

as Pivot™

Supporting systems-based environmental and safety evaluation approaches

.

.

.

Strategic Use Note: Extremely valuable source for framing nuanced and technically grounded
discussions around heat and synthetic turf. Particularly effective because it openly
acknowledges legitimate heat concerns associated with legacy systems while differentiating
modern engineered systems and emphasizing WBGT-based evaluation. Since this is still a
TenCate-authored document, it should ideally be paired with independent sports medicine,
engineering, or municipal research sources when making broader public-facing claims.

Citation (Chicago): Young, Colin. Heat and Temperature Impacts of Synthetic Turf. Prepared for New

York City Department of Parks & Recreation. TenCate Grass, n.d.
Footnote: Young, Heat and Temperature Impacts of Synthetic Turf.

5. Consumer Product Safety & Regulatory

Standards (General)

General consumer-product safety and testing standards — not turf-specific — useful only as
background context for how synthetic materials are regulated broadly.

5.1 ASTM F2898-11(2019): Standard Specification for Synthetic
Turf Playing Surfaces for Athletic Fields

Source: ASTM International | Type: Industry Standard / Technical Specification
https://store.astm.org/f2898-r19.html

This ASTM International standard establishes performance specifications and testing requirements
for synthetic turf playing surfaces used in athletic fields. The document outlines technical criteria
related to surface characteristics, durability, material performance, and system evaluation methods
used to assess turf systems under standardized conditions. ASTM standards are widely recognized
across engineering, manufacturing, and construction industries and serve as an important
framework for consistency, quality assurance, and product evaluation. While the standard itself
does not function as a health or environmental study, it is valuable for demonstrating that synthetic
turf systems are subject to established technical and performance standards rather than operating
without oversight or evaluation.

Tags: Safety Standards, Performance Standards, Synthetic Turf, Testing Standards, Compliance, Field
Performance, Regulatory Frameworks

Best Supports:

- Synthetic turf systems are tested against established standards

« Turf performance is measurable and regulated

+ General references to ASTM compliance or established industry benchmarks
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Strategic Use Note: Use to reinforce that artificial turf systems are evaluated within
established engineering and performance standards rather than existing outside regulatory
oversight. Best suited for discussions surrounding testing, quality assurance, and technical
evaluation frameworks rather than direct health or environmental claims.

Citation (Chicago): ASTM International. ASTM F2898-11(2019): Standard Specification for Synthetic
Turf Playing Surfaces for Athletic Fields. West Conshohocken, PA: ASTM International, 2019. https://

store.astm.org/f2898-r19.html.
Footnote: ASTM International, ASTM F2898-11(2019): Standard Specification for Synthetic Turf Playing Surfaces for
Athletic Fields.

5.2 Toy Safety Business Guidance

Source: United States Consumer Product Safety Commission | Type: Government Regulatory
Resource
https://www.cpsc.gov/Business--Manufacturing/Business-Education/Toy-Safety

This Consumer Product Safety Commission page explains U.S. safety requirements for toys and
children’s products. The page discusses regulations governing material safety, chemical limitations,
manufacturing standards, and product testing protocols intended to protect consumers, particularly
children. While the resource is not specific to artificial turf, it is useful for contextualizing how many
polymer-based materials commonly used in everyday products, including plastics and synthetic
textiles, are evaluated within established safety and regulatory frameworks. The source helps
reinforce broader discussions about material oversight, product testing, and consumer safety
standards.

Tags: consumer safety, polymers, plastics, regulatory standards, children’s products, material safety, product
testing, manufacturing standards, chemical safety

Best Supports:

+ Claims that polymer-based materials are widely used within regulated consumer products
+ Discussions surrounding established product safety and testing frameworks

- Context involving material oversight and consumer protection standards

- Supporting statements about common polymers being used safely across many industries
- Discussions involving safety evaluation and regulatory compliance

+ Reinforcing broader conversations about material familiarity and everyday exposure

Strategic Use Note: Best used as contextual support when discussing how common polymers
are broadly regulated and evaluated within consumer safety systems. Avoid implying that toy
safety standards directly apply to artificial turf systems, as the resource is intended to
establish broader familiarity with regulated polymer materials rather than turf-specific safety
conclusions.

Citation (Chicago): U.S. Consumer Product Safety Commission. “Toy Safety.” Accessed April 7, 2026.

https://www.cpsc.gov/Business--Manufacturing/Business-Education/Toy-Safety.
Footnote: U.S. Consumer Product Safety Commission, “Toy Safety.”

5.3 Safety Standard Mandating ASTM F963 for Toys

Source: National Archives, Federal Register | Type: Federal Regulatory Publication /| Government
Standard Notice
https://www.federalregister.gov/documents/2024/01/18/2024-00741/safety-standard-mandating-
astm-f963-for-toys
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This Federal Register notice published by the Consumer Product Safety Commission formally
mandates ASTM F963 as the required consumer product safety standard for toys sold in the United
States. The document outlines updated testing requirements, material safety considerations,
chemical limitations, labeling expectations, and compliance procedures intended to strengthen
consumer protection standards for children’s products. While not directly related to artificial turf,
the source is useful for reinforcing broader discussions surrounding how polymer-based materials
and synthetic products are evaluated within established regulatory and testing frameworks. It also
provides useful context for explaining that many common synthetic materials undergo extensive
oversight and safety evaluation in highly regulated consumer applications.

Tags: ASTM standards, toy safety, consumer safety, regulatory compliance, polymers, material testing,
manufacturing standards, product safety, chemical standards

Best Supports:

+ Discussions surrounding established testing and safety standards for synthetic materials
- Claims that polymers and synthetic products are evaluated within regulatory frameworks
- Context involving ASTM standards and compliance systems

- Supporting broader discussions about material oversight and consumer protection

- Statements regarding product testing, certification, and safety evaluation

+ Reinforcing familiarity and widespread regulated use of common polymers

Strategic Use Note: Best used as a supporting context for broader discussions about
regulatory oversight and material testing standards. Particularly useful when reinforcing that
synthetic materials commonly used in consumer products are subject to extensive evaluation
and compliance requirements.

Citation (Chicago): Consumer Product Safety Commission. “Safety Standard Mandating ASTM F963
for Toys.” Federal Register 89, no. 12 (January 18, 2024). https://www.federalregister.gov/

documents/2024/01/18/2024-00741/safety-standard-mandating-astm-f963-for-toys.
Footnote: Consumer Product Safety Commission, “Safety Standard Mandating ASTM F963 for Toys.”

6. Youth Sports Access & Play Equity

Nonprofit/ public-policy research on barriers to youth sports participation, relevant to the white
paper's access and equity framing rather than to turf materials directly.

6.1 School Sports Equity Toolkit

Source: The Aspen Institute Project Play | Type: Nonprofit / Public Policy Resource
https://projectplay.org/school-sports/equity-toolkit#recognize-and-document-the-disparity

The Aspen Institute Project Play School Sports Equity Toolkit offers guidance for identifying and
addressing disparities in school sports. The toolkit examines barriers that limit participation in
organized sports, including economic disparities, lack of access to safe and reliable facilities,
transportation limitations, equipment costs, and inequitable investment in recreational
infrastructure. The resource emphasizes that access to sports and play opportunities can
significantly influence youth physical health, mental well-being, academic engagement, and long-
term community outcomes. The toolkit is especially useful for supporting broader discussions
surrounding “play equity,” or the idea that all children should have access to safe and meaningful
opportunities for sport and recreation regardless of socioeconomic background or geographic
location. It also reinforces the role that durable, high-capacity recreational infrastructure can play in
expanding playable hours and improving community access to organized athletics and physical
activity.

Tags: play equity, youth sports, access to play, recreation infrastructure, community health, youth development,
sports participation, public health, equity, school athletics
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Best Supports:

+ Discussions surrounding inequitable access to sports and recreation opportunities

- Claims involving barriers to youth sports participation

- Context surrounding the social and public health value of play and recreation

- Supporting broader “access to play” and “play equity” discussions

+ Discussions involving the importance of reliable recreational infrastructure

+ Statements connecting sports participation to broader youth and community outcomes

Strategic Use Note: Excellent foundational source for the play equity discussions because it
frames access to sports and recreation as a broader social and public health issue rather than
solely an athletics discussion. Best used to support community access, infrastructure equity,
and participation-focused arguments rather than direct technical claims about turf systems
themselves.

Citation (Chicago): The Aspen Institute Project Play. “School Sports Equity Toolkit.” Accessed April

2026. https://projectplay.org/school-sports/equity-toolkit#recognize-and-document-the-disparity.
Footnote: The Aspen Institute Project Play, “School Sports Equity Toolkit.”

7. Materials, Science, Polymers & Recycling

Peer-reviewed polymer chemistry research leads this group, followed by industry-association and
corporate sources on plastics recycling and circularity.

7.1 Synthesis and Deconstruction of Polyethylene-Type Materials

Source: ACS Publications (Document on File) | Type: Peer-Reviewed Scientific Journal Article
published in Chemical Reviews
https://pubs.acs.org/doi/10.1021/acs.chemrev.3c00587

This peer-reviewed article published in American Chemical Society examines research on
polyethylene materials and ways they might be chemically broken down or recovered. The authors
analyze how modern polymer science is advancing methods for designing polyethylene products
that can be more effectively recycled, chemically broken down, or reintegrated into circular
manufacturing systems. The paper discusses both traditional mechanical recycling limitations and
newer chemical or catalytic recycling technologies aimed at improving material recovery and long-
term sustainability. The article is especially relevant for discussions surrounding durable polymer-
based systems, including synthetic turf components, because polyethylene is a foundational
material used extensively in turf fibers and related applications. The paper provides important
scientific context for how polyethylene materials can potentially be engineered with future
recyclability and circular economy objectives in mind. It also highlights the broader industry
challenge of balancing durability, performance, and end-of-life recovery within modern plastics
manufacturing.

Tags: polyethylene, polymer science, chemical recycling, plastics recycling, circular economy, material recovery,
polymer deconstruction, sustainability, advanced recycling, polymer engineering

Best Supports:

- Scientific discussions about polyethylene material systems

+ Claims regarding advances in polymer recycling technologies

+ Context surrounding chemical and mechanical recycling limitations

« Circular economy discussions related to plastics and polymers

- Statements about designing materials for future recyclability

+ Technical support for conversations involving polyethylene-based products
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Strategic Use Note: This is a highly credible scientific source appropriate for supporting
technical or research-based discussions related to polymer recycling and circularity. However,
it is not specific to artificial turf systems, so it works best as a foundational scientific context
when paired with turf-specific lifecycle, recycling, or sustainability sources.

Citation (Chicago): Schwab, Sebastian T., Matthias Baur, Thomas F. Nelson, and Stefan Mecking.
“Synthesis and Deconstruction of Polyethylene-Type Materials.” Chemical Reviews 124, no. 5 (2024):

2327-2351. https://doi.org/10.1021/acs.chemrev.3c00587.
Footnote: Schwab et al., “Synthesis and Deconstruction of Polyethylene-Type Materials,” 2327-2351.

7.2 Polymers in Our Daily Life

Source: National Library of Medicine (PDF on File) | Type: Peer-Reviewed Editorial / Educational
Scientific Article
https://pubmed.ncbi.nlm.nih.gov/28752070/

This editorial by polymer scientist Hasan Namazi introduces polymers, their structure, and their
use in everyday products. The article provides general background for readers who may be
unfamiliar with polymer materials. The paper emphasizes that polymers are foundational materials
across numerous industries and applications, including textiles, cookware, medical devices,
packaging, construction materials, adhesives, and consumer goods. The source is especially
valuable for introducing polymers in a scientifically grounded yet highly understandable way for
non-technical audiences. It supports broader discussions about the prevalence and functionality of
polymer materials in everyday life and helps contextualize synthetic polymers as common
engineered materials rather than niche or unfamiliar substances.

Tags: polymers, monomers, synthetic materials, plastics, material science, chemistry, consumer products, polymer
science

Best Supports:

- Providing accessible background on polymer science

+ Distinguishing natural and synthetic polymers

« Discussions involving the widespread use of polymers in everyday life

+ Contextualizing synthetic materials within modern manufacturing and consumer products
- Supporting accessible explanations of polymer science concepts

- Reinforcing that polymers are foundational materials across many industries

Strategic Use Note: Excellent foundational source for introducing polymers in an accessible
and non-alarmist way. Best used for educational framing and material-context discussions
rather than toxicology, exposure, or safety-risk claims. Particularly valuable for helping
general audiences understand polymer terminology without oversimplifying the science.

Citation (Chicago): Namazi, Hasan. “Polymers in Our Daily Life.” Biolmpacts 7, no. 2 (2017): 73-74.

https://doi.org/10.15171/bi.2017.09.
Footnote: Namazi, “Polymers in Our Daily Life.”

7.3 Recycling

Source: Plastics Europe | Type: Industry Association / Sustainability Resource
https://plasticseurope.org/sustainability/circularity/recycling/

This Plastics Europe resource describes plastic recycling and circularity from an industry
perspective. The page provides general information about recycling approaches and initiatives
across the plastics sector. Although not specific to artificial turf, the resource is useful for
contextualizing larger conversations surrounding polymer recycling infrastructure, end-of-life
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management, and ongoing innovation in sustainable material systems. The source also reinforces
that many industries utilizing durable polymer-based materials are actively investing in recycling
technologies and circular manufacturing strategies.

Tags: recycling, circular economy, plastics, sustainability, material recovery, advanced recycling, end-of-life
management, circularity, polymer systems

Best Supports:

« Introducing general plastic recycling approaches

- Providing industry context on recycling and circularity

+ Discussing broad material recovery concepts

+ Supporting broader sustainability and circular economy framing

+ Context for end-of-life management conversations involving polymer-based products
+ Statements regarding ongoing innovation in plastics recycling systems

Strategic Use Note: Best used as contextual support for broader recycling and circularity
discussions rather than as evidence of specific artificial turf recycling outcomes. Since this is
an industry association resource, it should ideally be paired with independent or technical
sources when making stronger sustainability or environmental claims.

Citation (Chicago): PlasticsEurope. “Recycling.” Accessed April 9, 2026. https://plasticseurope.org/

sustainability/circularity/recycling/
Footnote: PlasticsEurope, “Recycling.”

7.4 First Chemical Recycling Program for Synthetic Turf
Launched in U.S.

Source: Plastics Today | Type: Industry News Article / Recycling Innovation Coverage
https://www.plasticstoday.com/advanced-recycling/first-chemical-recycling-program-for-synthetic-
turf-launched-in-us

This Plastics Today article reports on a chemical recycling program announced for used synthetic
turf in the United States. The article explains how advanced recycling technologies are being
explored to recover and repurpose turf system components that have historically been difficult to
recycle using traditional mechanical methods. It also highlights broader industry efforts to improve
circularity, reduce reliance on landfills, and develop scalable end-of-life management solutions for
synthetic materials. The source is particularly useful for demonstrating that end-of-life management
and recyclability remain active areas of innovation within the artificial turf industry. It supports
broader sustainability discussions by showing that manufacturers, recyclers, and material science
sectors are investing in evolving infrastructure intended to improve material recovery and reuse
over time.

Tags: synthetic turf recycling, advanced recycling, chemical recycling, circular economy, sustainability, end-of-life
management, turf industry, plastics recovery, material innovation

Best Supports:

+ Discussions surrounding turf recyclability and end-of-life management

- Claims that recycling infrastructure for synthetic turf continues to evolve
- Context involving advanced and chemical recycling technologies

- Statements regarding circular economy initiatives within the turf industry
+ Supporting broader sustainability and material recovery discussions

+ Discussions involving innovation in polymer reuse and waste reduction
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Strategic Use Note: Best used to demonstrate progress and innovation within synthetic turf
recycling infrastructure rather than to imply that universal large-scale recycling systems are
already fully established. Since this is an industry publication article, it works strongest when
paired with broader circularity or recycling framework sources.

Citation (Chicago): “First Chemical Recycling Program for Synthetic Turf Launched in U.S." Plastics
Today. Accessed April 10, 2026. https://www.plasticstoday.com/advanced-recycling/first-chemical-
recycling-program-for-synthetic-turf-launched-in-us.

Footnote: “First Chemical Recycling Program for Synthetic Turf Launched in U.S.”

7.5 Advanced Recycling

Source: American Chemistry Council | Type: Industry Organization (Web Resource)
https://www.americanchemistry.com/better-policy-regulation/plastics/advanced-recycling

This American Chemistry Council resource explains advanced recycling from an industry
association’s perspective. The article, and video therein, explains how advanced recycling processes
can break plastics down into their molecular building blocks for reuse in new products and
manufacturing applications. While not specific to artificial turf, the resource is useful for
contextualizing broader industry efforts focused on improving material recovery, reducing landfill
dependency, and supporting circular material systems. The source is especially relevant when
discussing evolving approaches to sustainability and recyclability within industries that rely on
durable polymer-based materials.

Tags: Recycling, Circular Economy, Plastics, Sustainability, End-of-Life Management, Material Recovery,
Manufacturing

Best Supports:

- General discussion of advanced recycling technologies

+ Providing general context on plastics recycling

- Broader sustainability and circular economy conversations

- Claims related to ongoing innovation in polymer recovery and reuse

« Context for discussions surrounding end-of-life management of synthetic materials
+ Explaining that recycling systems for plastics continue to evolve beyond traditional
mechanical recycling

Strategic Use Note: Best used for contextual support when discussing evolving recycling
technologies, circular material systems, and industry investment in advanced material
recovery. Avoid overstating recycling capabilities or implying that all artificial turf systems are
currently recyclable at scale solely based on this source.

Citation (Chicago): American Chemistry Council. “Advanced Recycling.” Accessed April 9, 2026.

https://www.americanchemistry.com/better-policy-regulation/plastics/advanced-recycling.
Footnote: American Chemistry Council, “Advanced Recycling.”
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