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EPA Reference Guide
Federal Research on Recycled Tire Crumb Used on Playing Fields (FRAP)

https://wwiw .epa.goy/chemical-research/fi e([cra!—rcsearch--recyclcd-tirc~crumh-__used—piayi_n_g— fields
In February 2016, the EPA launched a multi-agency effort called the Federal Research Action Plan on

Recycled Tire Crumb Used on Playing Fields and Playgrounds (FRAP) to study key environmental and
human health questions.

See FRAP Link.
FRAP Status Report

https:/iwwiw .epa.gov/sites/production/files/20 161 2/documents/federal_research_action_plan_on_recycled {
ire_crumb_used_on_playing fields_and playerounds status_report,pdf

In December 2016, the agencies released a 169-page Status Report. This report provides a summary of
activities to date, including the final peer-reviewed Literature Review/Gaps Analysis (LRGA). The LRGA
was developed to provide a current summary of the available literature and capture the data gaps as
characterized in those publications. The status report does not include any preliminary findings of the
research,

See Status Report Link. See attached Status Report Table of Contents and Executive Summary.
FRAP Literature Review

A summary spreadsheet provides a listing of the scientific literature references included in the Literature
Review and Gap Analysis Status Report and a brief description of each of the study’s results.

See attached EPA Literature Review Summary of Tire Crumb Rubber Studies # 1-97
See attached Appendix E - List of Literature Reviewed

FRAP Status Report: State-of-the-Science Literature Review and Gap Analysis
(LRGA). White Paper Summary of Results. Appendix B (See pp 39-91 FRAP Status
Report link above)

Each of the 90 references identified in the analysis was reviewed and categorized. The objectives of the
LRGA were to:

1) Identify the existing body of literature related to human exposure to tire crumb rubber through the
use of synthetic turf athletic fields and playgrounds/

2) Characterize and summarize the relevant data from the scientific literature;

3) Review the summary information and identify data gaps

4) Build on the current understanding of the state of the science and inform the development of
specific research efforts.

See attached Appendix B - State of the Science Literature Review/Gaps Analysis Executive
Summary.

FRAP Data Gap Analysis
Table B-1 (pp 43-44 of the FRAP Status Report link above)

The table summarizes the important data gaps that remain in the characterization of tire crumb rubber
material used in synthetic turf fields and playgrounds, assessing exposures for users of these fields and
playgrounds, human and ecological risk assessment, and in health impact assessments.

See attached Table B-1. Data Gaps for Research on Tire Crumb Rubber in Synthetic Fields and
Playgrounds pp 43-44.

FRAP Additional References
Center of Disease Control. CDC Review of 23 studies included in the Literature
Review & Gap Analysis. Appendix B (pp 92-104 of the FRAP Status Report link above)
See attached Appendix A — CDC Review of Published Literature and Select Federal Studies on
Crumb Rubber and Synthetic Turf pp 92-104.

Updated March 2018
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Environmental Protection Agency. EPA Summary Reports of federal/state government

studies included in the Literature Review and Gap Analysis. Appendix B (pp 107-110 of
the FRAP Status Report).

See Attached Appendix C — EPA-NCEA Summary of Available Exposure and health Risk Assessment
Studies on Artificial Turf, Playgrounds and Tire Crumbs pp 107-110.

Other Reports and References

Commonwealth of Massachusetts. Office of Health and Human Services, Department

of Public Heath and Bureau of Environmental Health. Frequently Asked Questions:
Artificial Turf Fields.

hup:/Awww.mass.gov/eohhs/docs/dph/environmental/exposure/fag-artificial-turf-0615 pdf
See attached.

Gale Associates Inc. (2015). Alternative Infills for Synthetic Turf.
http://Awwiw . galeasssociates.org/wp-content/uploads/2015/03/Alternative-Inf ills-for-Synthetic-Turf,pdf.

See attached.

UMass Lowell Toxics Use Reduction Institute (TURI). Fact Sheet.

Athletic Playing Fields and Artificial Turf: Considerations for Municipalities and
Institutions.
https://www turi.org/content/download/10990/179677/file/ Turf%20Fact%20Sheet%20] u ne%202016.pdf

Reference provided by Tom Sciacca.

Environment and Human Health, Inc (EHHI). Synthetic Turf Report.
http:/fwww.ehhi.org/NewTurf _Final.pdf

EHHI reviewed 22 of the studies from the FRAP Literature Review (cited above) in its 112-page report,
Synthetic Turf: Industry’s Claims Versus the Science. A Careful Analysis of Studies that Industry Uses to

Justify Safety Claims.
Reference provided by Tom Sciacca.

Grass Roots Environmental Education. Synthetic Turf,
http://grassrootsinfo.org/pdf/syntheticturfscience.pdf

Independent Science on Public Health Concerns Regarding Synthetic Turf. Citations with links of studies
related to Crumb Rubber Chemicals, Bioaccessibility, Heat Effects, Injuries, Flame Retardants,
Disinfectants and Sanitizers,

Reference provided by Tom Sciacca.

Delaware Riverkeeper Network. Alternative Infills for Artificial Turf Fact Sheet.
hitp://wwyw synturf.org/images/DRK3_Artificial_Turf_Alternative_Infill_Fact_Sheet 10.18.16 0.pdf

Reference provided by Tom Sciacca.

Big Sky Conference (2013). Determination of Microbial Populations in a Synthetic Turf
System.

https://skyline bigskyconf.com/cgi/viewcontent.cgi?referer=http://wwiw .syntu rf.org/staphnews.himi&hitpsr
edir=l &article=10008&context=journal

Reference provided by Tom Sciacca.
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We've made some changes to EPA.gov. If the information you are looking for is not here, you
may be able to find it on the EPA Web Archive or the January 19,2017 Web Snapshot.
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Federal Research on Recycled Tire Crumb Used on Playing

Fields
Public and
Stakeholder
Engagement
o 2017
International
Society of
Background Exposure
Science
Concerns have been raised by the public about the safety of recycled Tire
rubber tire crumb used in synthetic turf fields and playgrounds in the Crumb
United States. We know people are concerned and players and their Study )
families want answers. Limited studies have not shown an elevated health Presentations
risk from playing on fields with tire crumb, but the existing studies do not ° 2017
comprehensively evaluate the concerns about health risks from exposure to ____Fedgral
tire crumb. We are committed to supporting more comprehensive efforts to Register
assess risks from tire crumb. Notice:
Public
That’s why on February 12,2016, the U.S. Environmental Protection Comment
Agency (EPA), the Centers for Disease Control and Prevention/Agency for and
Toxic Substances and Disease Registry (ATSDR), and the Consumer Federal
Product Safety Commission (CPSC) launched a multi-agency Federal Responses
Research Action Plan on Recycled Tire Crumb Used on Playing Fields o 30-day
and Playgrounds to study key environmental and human health questions. Federal
Register
Federal Research Aotice:.
Comment
This coordina?ed F ?deral Research Actionl Plan on Recycled Tire Crumb, g__lnf ormatio
Used on Playing Fields and Playgrounds includes outreach to key Collection
stakeholders, such as athletes and parents, and seeks to: Ro___
equest
o Fill important data and knowledge gaps. for
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o Characterize constituents of recycled tire crumb.

o Identify ways in which people may be exposed to tire crumb based
on their activities on the fields.

The study has four parts:

o Literature Review/Gap Analysis (EPA and CDC/ATSDR)
o Tire Crumb Characterization (EPA and CDC/ATSDR)

o Exposure Characterization Study (EPA and CDC/ATSDR)
o Playground Study (Consumer Product Safety Commission)

Status

The collection of samples for the exposure and tire crumb characterization
parts of the study are now complete. EPA and CDC/ATSDR are in the
process of analyzing samples and drafting the report.

For the tire crumb characterization part of the study, tire crumb samples
were gathered from tire crumb manufacturing/recycling plants and from
indoor and outdoor fields across the country. Samples were gathered from
nine tire crumb manufacturing/recycling plants and 40 fields.

For the exposure characterization part of the study, on August 2,2017, the
Office of Management and Budget (OMB) approved the Information
Collection Request for the continuation of the exposure characterization
study. With the OMB approval, the EPA and CDC/ATSDR team were able
to complete the field work associated with the exposure characterization in
the Fall of 2017. During the exposure characterization field work, EPA and
CDC/ATSDR visited several fields to collect exposure information to better
characterize people’s exposure to tire crumbs. Activity information from
field users who elected to participate in the study was also gathered.

Prior to the August 2017 OMB approval, the exposure characterization
portion of the study as outlined in the Federal Research Action Plan was
posted for public comment in February 2017. An additional requirement of
a 30-day Federal Register Notice, along with the Information Collection
Request package was published on June 12,2017 .

On December 30, 2016, the agencies released a status report describing the
progress of the research to date. The status report includes the final peer-
reviewed Literature Review/Gaps Analysis report and describes the
progress to date on other research activities that are part of the effort
including: Characterization of the chemicals found in tire crumb;
Characterization of the exposure scenarios for those who use turf fields
containing tire crumb; Study to better understand how children use
playgrounds containing tire crumb and; Outreach to key stakeholders. The
status report does not include research findings. (See sidebar for links to
the Federal Register Notices and 2016 Status Report).

https://www.epa.gov/chemical-research/federal-research-recycled-t...
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While this effort won’t provide all the answers about whether synthetic turf
fields are safe, it represents the first time that such a large study is being Study
conducted across the U.S. The study will provide a better understanding of Documents
potential exposures that athletes and others may experience and will help
answer some of the key questions that have been raised.

Timeline e December
2016

The draft report will be sent to external peer-review in Spring 2018, with Status

the expectation of releasing a final peer-reviewed report summarizing Report:

study results in mid-2018. Federal
Research

Existing Research and Information -
Recycled

Other federal, state, and local government agencies have conducted limited
studies on artificial turf fields. For example, from 2009-2011, New York
City and the states of New York, Connecticut and New Jersey conducted
studies on tire crumb infill and synthetic turf.

Also, in 2008 and 2009 the Consumer Product Safety Commission and the and Study .Stud
Agency for Toxic Substances and Disease Registry evaluated synthetic turf Desten

“ i . Federal

grass blades” in response to concerns about lead exposure. Their

evaluations estimated that any potential releases of toxic chemicals from ;
the grass blades, such as lead, would be below levels of concern. In 2008, Action
EPA conducted a limited Scoping-Level Field Monitoring Study of Recveled
Synthetic Turf Fields and Playgrounds. The purpose of the limited study Tiﬁ_
was to test a method for measuring possible emissions from using synthetic Crumb Used
turf on playgrounds and ball fields, not to determine the potential health =

risks of recycled tire crumb in playgrounds or in synthetic turf athletic oy

Playing
fields. Fields and

Playgrounds

Study of
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INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields
and Playgrounds

Background

Concerns have been raised by the public about the safety of recycled tire crumb used in playing fields
and playgrounds in the United States. Limited studies have not shown an elevated health risk from
playing on fields with tire crumb, but the existing studies do not comprehensively evaluate the concerns
about health risks from exposure to tire crumb.

Federal Research

Because of the need for additional information, the U.S. Environmental Protection Agency (EPA), the
Centers for Disease Contral and Prevention/Agency for Toxic Substances and Disease Registry
(ATSDR), and the U.S. Consumer Product Safety Commission (CPSC) are launching a multi-agency
action plan to study key environmental human health questions. This coordinated federal action includes
outreach to key stakeholders, such as athletes and parents, and seeks to fill important data and
knowledge gaps, characterize constituents of recycled tire crumb, and identify ways in which people may
be exposed to tire crumb based on their activities on the fields. The Federal Research Action Plan
includes numerous activities, including research studies. While additional research questions may require

evaluation beyond this year, the information will help answer some of the key questions that have been
raised.

Objectives
The specific objectives of this research effort are to:
o Determine key knowledge gaps.

o Identify and characterize chemical compounds found in tire crumb used in artificial turf fields and
playgrounds.

o Characterize exposures, or how people are exposed to these chemical compounds based on
their activities on the fields.

o Identify follow-up activities that could be conducted to provide additional insights about potential
risks.

Research Summary

Conduct Data and Knowledge Gap Analysis: The Agencies will evaluate the existing scientific
information related to recycled tire crumb used in artificial turf fields and other types of playing fields fo
build on current understanding of the state-of-the-science and inform the research activities.

Outreach to Key Stakeholders, Including Parents and State Agencies: EPA, ATSDR, and CPSC will

convene discussions with members of the public and organizations with an interest in studying tire crumb.

These parties have ongoing tire crumb studies or can provide expertise to inform the federal study. The
agencies will meet with:

o Athletes, parents, and coaches to get first-hand perspectives on potential exposures.

1




° Government agencies to discuss the federal research, share relevant information from
state-level studies, request support, and identify current best practices for minimizing
exposures. One important state partner is California. California’s Office of Environmental
Health Hazard Assessment has an in-depth tire crumb study underway. This study includes a
series of scientific studies to determine if chemicals in tire crumb can potentially be released
under various environmental conditions and what, if any, exposures or health risks these
potential releases may pose to players who frequently play on artificial fields constructed with
tire crumb. The evaluation includes expert solicitation and stakeholder participation to help
guide the design and EPA and other federal agencies are actively engaged in that process.

o Industry representatives to better understand the manufacturing process and use
parameters for recycled tire crumb used in artificial turf and for recycled tire-derived
playground surface materials.

Testing of Tire Crumb to Characterize Chemicals, Potential Emissions, and Toxicity: The agencies
will test different types of tire crumb. These tests — along with existing scientific information from the
literature — will help us better understand the tire crumb materials. For example, this will help the
scientists working on this effort to understand chemicals that are found in tire crumb and might be emitted
from the material. It will also help us understand if chemicals can be released from tire crumb when a
person comes into contact with them — for example, when tire crumb comes in contact with sweat on the
skin or are accidentally ingested by athletes playing on turf fields. Once we better understand what
chemicals are in tire crumb, we will also be able to search existing databases of information to
understand the potential health effects of those chemicals. Some examples of research activities are
listed below.

o Based on information obtained through the efforts described above, evaluate various
manufacturing process (for example, the tire crumb manufacturing process and the tire-
derived playground surface materials manufacturing process), including an analysis of the
diversity of these processes, material blends, components of the material (metals, volatile
and semi-volatiles, particulate matter).

o Conduct laboratory analyses to characterize components of the chemicals in newer and older
(aged) tire crumb materials at different temperatures.

* Determine the rate at which tire crumb components are absorbed by the body using
simulations of biological processes in the lab, for example simulations of activities in the
stomach as well as salivating and sweating.

o Evaluate potential cancer and non-cancer toxicity of key tire crumb constituents based on
existing databases of information.

Launch Pilot-Scale Study to Characterize Exposure Under Use Conditions: The agencies will
conduct several activities to better understand potential exposures that may occur when individuals
frequently use artificial turf fields. Scientists will identify various exposure scenarios (ways in which people
may be exposed based on their activities on the fields) and then design and conduct a pllot-scale
exposure study to characterize people’s exposures on these fields. This work will consider possible ways
that one may be exposed - including by breathing, accldentally ingesting, or physical contact with tire
crumb. Some examples of research activities are listed below.

o Develop exposure scenarios, paying particular attention to high-end exposure scenarios.
o ldentify activity patterns for athletes and other relevant populations.

o Estimate nature, duration, and frequency of exposures.

o Evaluate other relevant factors, such as the standard operation and maintenance of
the fields (e.g., replacement of materials, use of biocides) and how the materials
change over time.

o Design and conduct pilot-scale exposure study to characterize exposures on select playing
fields, considering all relevant routes of exposure (inhalation, dermal, oral).



o Develop methods, as necessary, for measuring exposure to both targeted and non-targeted
analytes.

Public Comment Opportunities. Some studies that are part of this research plan are posted for public
comment through a Federal Register Notice (available at Regulation.Gov, search by docket number
Docket No. ATSDR-2016-0002). For example, one study that is part of the Federal Register Notice will
gather data from facilities with fields that contain tire crumb materials, and another study will gather
activity data from persons who routinely perform activities on artificial turf fields with tire crumb. The
number of fields that will be sampled as well as the number of field users who will be surveyed are
described in the Federal Register Notice. We encourage you to review the Federal Register Notice and
provide your comments.

Additional Research Activities: EPA, CDC/ATSDR, and CPSC have set an ambitious schedule for this
effort in 2016. A number of additional activities may also be initiated during this time, depending upon
further consideration of their value to the overall effort, their feasibility, the availability of resources, and
other factors. Additional research could include identifying potential biomarkers of exposure, collecting
preliminary biomonitoring data, analyzing samples of recycled tire crumb used on playground surfaces,
and evaluating the feasibility of conducting an epidemiologic study. CPSC is exploring conducting a
survey of parents to get first-hand perspectives on potential exposures from playground surface
materials. As part of this coordinated effort, CPSC plans to conduct additional work on the safety of
playgrounds.

Timeline and Deliverables

By the end of 2016, the agencies anticipate releasing a draft status report that describes the preliminary
findings and conclusions of the research through that point in time. The draft status report will summarize
the agencies’ progress in: (1) Identifying key constituents of concern in recycled tire crumb used in
artificial turf fields; (2) Assessing potential exposures to potentially harmful constituents; (3) Conducting
an initial evaluation of potential cancer and non-cancer toxicity of key chemical constituents; and (4)
Identifying follow-up activities that could be conducted to provide additional insights about potential risks.
The results of the preliminary work on recycled tire-derived playground surface materials will also be
described. The report will also outline any additional research needs and next steps.

More Information

Information and updates about this research will be posted to EPA's website -
hitp:/ epa.goviTireCrumb
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Table of Contents
Executive Summary

See Link below to view 169 page FRAP Status Report

https://www epa.gov/sites/production/files/201612/documents/federal resear
ch_action plan on recycled tire crumb_used on playing fields and play
grounds_status_report.pdf
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l. Executive Summary

Over the past several years, parents, athletes, schools, and communities have raised concerns
about the safety of recycled tire crumb rubber used as infill for playing fields and playgrounds in
the United States. The public has expressed concerns that the use of these fields could potentially
be related to certain health effects. Studies to date have not shown an elevated health risk from
playing on fields with tire crumb rubber, but these studies have limitations and do not
comprehensively evaluate the concerns about health risks from exposure to tire crumb rubber.

Synthetic turf field systems were initially introduced in the 1960s. Currently, there are between
12,000 and 13,000 synthetic turf recreational fields in the United States, with 1,200 — 1,500 new
installations each year (STC et al., 2016). Synthetic turf fields are installed at municipal and
county parks; schools, colleges and universities; professional team stadiums and practice fields;
and military installations. Potentially millions of people are estimated to use these fields,
including professional and college athletes, youth athletes in school or other athletic
organizations, coaches, team and facility staff, referees, fans, bystanders and local communities.

On February 12, 2016, the Centers for Disease Control and Prevention/Agency for Toxic
Substances and Disease Registry (CDC/ATSDR) and the U.S. Environmental Protection Agency
(EPA)*, in collaboration with the Consumer Product Safety Commission (CPSC)’, released a
Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields and Playgrounds
(FRAP)®. The purpose of the FRAP is to study key questions concerning the potential for human
exposure resulting from the use of tire crumb rubber in playing fields and playgrounds. This kind
of information is important for any follow up evaluation of risk that might be performed.

The FRAP includes outreach to key stakeholders to obtain information to fill important data
gaps, research to characterize constituents of tire crumb made from recycled tire rubber, studies
to identify ways in which people may be exposed to tire crumb rubber based on their activities
on the fields, and an analysis of existing scientific literature on the topic.

Prior to initiating the study, federal researchers developed a research protocol, Collections
Related to Synthetic Turf Fields with Crumb Rubber Infill', which describes the study’s
objectives, research design, methods, data analysis techniques, and quality assurance/quality
control measures in place to ensure the integrity of the following components of the research:

e literature review and data gaps analysis;

e tire crumb rubber characterization research;

e human exposure characterization research.

4 The specific roles of EPA and CDC/ATSDR are provided in the FRAP

% This report includes contributions written by the CPSC staff and has not been reviewed and/or approved by, and may not
necessarily reflect the views of, the Commission.

¢ The FRAP is available through the Tire Crumb website: www.epa,gov/tirecrumb

7 The research protocol is available through the Tire Crumb website: www.epa.gov/iirecrumb




The study protocol was reviewed by independent external peer reviewers, CDC’s Institutional
Review Board (IRB) and EPA’s Human Subjects Research Review Official. The data collection
components of the study went through the Office of Management and Budget’s (OMB)
Information Collection Request (ICR) review process. The OMB ICR process included a public

comment period®, On August 5, 2016, EPA, CDC/ATSDR and CPSC received final approval
from OMB to begin the research.

This status report provides a summary of the agencies’ activities to-date, including:
e stakeholder outreach;

o tire and tire crumb rubber manufacturing process;

e final peer-reviewed Literature Review/Gaps Analysis;

e Tire Crumb Rubber Characterization and Exposure Characterization research;
° use of recycled rubber tites on playgrounds;

® next steps and a timeline.

Since research is currently ongoing, the status report does not include any preliminary findings
of the research. The results of the research on synthetic turf fields will be available later in 2017.

The purpose of the FRAP'is to study key
questions concerning the potential for human

exposure resulting from the use of tire crumb
rubber in playing fields and playgrounds.

Summary of Stakeholder Outreach

EPA, CDC/ATSDR, and CPSC teams have engaged in a number of outreach activities, listed
below, to inform the public, research organizations, industry, government organizations and non-
profit organizations about the FRAP and to gather and share information that may be used to
inform the research. Section III and Appendix A provide additional information on stakeholder
outreach covering the following areas:

e Solicited public comment on components of the study, including collection of tire crumb
rubber samples and information from field users;

° Regularly updated the Tire Crumb Study website (www.epa.gov/tirecrumb), with links to
the FRAP and the research protocol, Tire Crumb Questions and Answers, government
websites that provide recommendations for recreation on fields with tire crumb, and other
information;

Hosted a public webinar to provide an overview of the FRAP;
Distributed study updates to an e-mail list of about 800 stakeholders.

8 Public and peer review comments and the agencies’ responses are available on the OMB’s website —
http://wwyy.reginfo.gov/public/do/PRA ViewDocument?ref nbr=201 607-0923-001.
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Appendix E - List of Literature Reviewed

Title
A Case Study of Tire Crumb Use on Playgrounds: Risk Analysis and
Communication When Major Clinical Knowledge Gaps Exist
A preliminary chemical examination of hydrophobic tire leachate components
Note: This reference is part Il of lIl. Parts | and Il were not relevant and
therefore, not reviewed

Determination of Microbial Populations in a Synthetic Turf System

Chemicals in outdoor artificial turf: a health risk for users?
Toxicological Evaluation of Hazard Assessment of Tire Crumb for Use on Public
Playgrounds

Metals contained and leached from rubber granulates used In synthetic turf
areas

Evaluation of Health Effects of Recycled Waste Tires In Playground and Track
Products

Safety Study of Artificlal Turf Containing Crumb Rubber Infill Made from
Recycled Tires: Measurements of Chemicals and Particulates in the Air,
Bacterla in the Turf, and Skin Abrasions Caused by Contact with the Surface
Review of the Human Health & Ecological Safety of Exposure to Recycled Tire
Rubber found at Playgrounds and Synthetic Turf Fields

Assessment of exposure to chemical agents in infill material for artificial turf
soccer pitches: development and Implementation of a survey protocol

Emission characteristics of VOCs from athletic tracks

Environmental and Health Impacts of Artificial Turf: A Review
Assessment of occupational health hazards in scrap-tire shredding facilities

Synthetic Turf: Health Debate Takes Root

Human Health Risk Assessment of Artificial Turf Fields Based Upon Results
from Five Fields in Connecticut

Artificial Turf Field Investigation In Connecticut Final Report
2009 Study of Crumb Rubber Derived from Recycled Tires, final report

Artificial Turf Study: leachate and stormwater characteristics

Peer Review of an Evaluation of the Health and Environmental Impacts
Associated with Synthetic Turf Playing Fields

CPSC Staff Analysis and Assessment of Synthetic Turf Grass Blades

Effects of leachate from crumb rubber and zinc in green roofs on the survival,
growth, and resistance characteristics of Salmonella enterica subsp. enterica
serovar typhimurium

A Review of the Potential Health and Safety Risks from Synthetic Turf Fields
Containing Crumb Rubber Infill

Note: See reference #59

Measurement of Air Pollution in Indoor Artificial Turf Halls

Artificlal Turf - Exposures to Ground-Up Rubber Tires = Athletic Fields —
Playgrounds — Gardening Mulch

Study of the suitability of ground rubber tire as a parking lot surface

Human Health Risk Assessment of Synthetic Turf Fields Based Upon
Investigation of Five Fields in Connecticut

Benzothiazole Toxicity Assessment in Support of Synthetic Turf Field Hurnan
Health Risk Assessment

Toxicological Assessment of Coated Versus Uncoated Rubber Granulates
Obtained from Used Tires for Use in Sports Facilities

‘Author

Anderson et al.
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Tranfo G, Paci E,

Chang, F; Lin, T.; Huang, C.; Chao, H.; Chang, T.;
Lu, C.

Cheng H., Hu Y., Reinhard M.
Chlen YC, Ton §, Lee MH et al.
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Connecticut Department of Public Health.
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Connecticut: University of Connecticut Health
Center (UCHC)

Connecticut Agricultural Experiment Station
(CAES)
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Engineering. (CASE)
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Design of a New Test Chamber for Evaluation of the Toxicity of Rubber Infill

Impact of tire debris on in vitro and In vivo systems

|dentification of Benzothiazole Derivatives and Polycyclic Aromatic
Hydrocarbons as Aryl Hydrocarbon Receptor Agonists Present in Tire Extracts

A Scoping-Level Field Monitoring Study of Synthetic Turf and Playgrounds

Environmental and Health Risks of Rubber Infill: Rubber crumb from car tyres
as infill on artificial turf

Examination of Crumb Rubber Produced from Recycled Tires. Department of
Analytical Chemistry

Initial evaluation of potential human health risks assoclated with playing on
synthetic turf fields on Bainbridge Island

Characterization and potential environmental risks of leachate from shredded
rubber mulches

The fate of methicillin-resistant staphylococcus aureus in a synthetic field turf
system

Synthetic turf from a chemical perspective--a status report
Health Risk Assessment of Lead Ingestion Exposure by Particle Sizes in Crumb
Rubber on Artificial Turf Considering Bloavailability

New approach to the ecotoxicological risk assessment of artificlal outdoor
sporting grounds

Comparison of Batch and Column Tests for the Elution of Artificial Turf System
Components

Preliminary Assessment of the Toxicity from Exposure to Crumb Rubber: Its
Use In Playgrounds and Artificial Turf Playing Fields

Characterization of Substances Released from Crumb Rubber Material Used on
Artificial Turf Fields

Artificial Turf: Safe or Out on Ball Fields Around the World

Crumb Infill and Turf Characterization for Trace Elements and Organic
Materials

Hazardous organic chemicals in rubber recycled tire playgrounds and pavers
Release of Polycyclic Aromatic Hydrocarbons and Heavy Metals from Rubber
Crumb in Synthetic Turf Flelds: Preliminary Hazard Assessment for Athletes
ASurvey of Microbial Populations in Infilled Synthetic Turf Flelds

Artificial-turf Playing Fields: Contents of Metals, PAHs, PCBs, PCDDs and PCOFs,
Inhalation Exposure to PAHs and Related Preliminary Risk Assessment

Note; This reference is not relevant, therefore not reviewed.
Evaluation of the Environmental Effects of Synthetic Turf Athletic

Environmental and Health Evaluation of the Use of Elastomer Granulates
{virgin and From Used Tyres) as Filling in Third-generation Artificial Turf

:r;?:: This study does not meet our search criteria (focuses on problematic
substances In whole tires).
Mapping Emissions and Environmental and Health Assessment of Chemical
Substances in Artificial Turf

Artificial Turf Pitches: An Assessment of the Health Risks for Football Players

A study to assess potential environmental impacts from the use of crumb
runner as Inflll material In synthetic turf flelds

An assessment of chemical leaching, releases to air and temperature at
crumb-rubber infilled synthetic turf fields

Gomes JF, Mota HI, Bordado JC, Baido M,
Sarmento GM, Fernandes J, Pampulim VM,
Custédio ML, Veloso 1.

Gualteri, M.; Andrioletti, M.; Mantecca, P.;
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He, G., Zhao, B., Denison, M.S.

U.S. Environmental Protection Agency (U.S. EPA)
Hofstra, U

Incorvia Mattina, MJ; Isleyen, M; Berger, W;
Ozdemir, S.

Johns, DM

Kanematsu, M; Hayashi, A; Denison, MS; Young,
T™.

Keller, M,

Kem! (Swedish Chemicals Inspectorate)

Kim, S; Yan, JY; Kim, HH; Yeo, IY; Shin, DC; Lim,
YW.

Kriger, O; Kalbe, U; Richter, E; Egeler, P;
Rombke, J; Berger, W.

Kriiger, O; Kalbe, U; Berger, W; Nordhaup, K;
Christoph, G; Walzel, HP.

LeDoux, T.

Li, X; Berger, W; Musante, C; Incorvia Mattina,
MJ. \
Lioy, P; Weisel, C.

Lioy, P; Weisel, C. ‘
Llompart, M; Sanchez-Pardo, L; Lamas, J; Garcla-
Jares, C; Roca, E.

Marsili, L; Coppola, D; Blanchi, N; Maltese, §;
Bianchi, M; Fossi, MC.

MeNitt, AS; Petrunak, D; Serensits, T.

|

‘

Menichini, E; Abate, V; Attias, L; Deluca, S; *
DiDomenlco, A; Fochi, I; Forte, G; lacovella, N; ‘
lamiceli, AL, lzzo, P; Merll, F; Bocca, B.

Miteretel

Milone and MacBroom, Inc.

Moretto, R.

Nilsson, NH; Malmgren-Hansen, 8; Thomsen, US.

Norwegian Institute of Public Heaith and the
Radium Hospital

New York Department of Environmental
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New York City Department of Parks and Recreation: Synthetic Turf Lead Results
{online)

-A-Review-efthe Rotential-Health-and-Sefety-RisksFrom-Syathetie Turf-Flelds
Note: Same as Denly et al. 2008, See reference # 22,

Bioaccessibility and Risk of Exposure to Metals and SVOCs in Artificial Turf Field
Fill Materials and Fibers

Potential health and environmental effects linked to artificlal turf systems-final
report

Zinc Leaching From Tire Crumb Rubber

Environmental Sanitary Risk Analysis Procedure Applied to Artificial Turf Sports
Fields

Used Tire Recycling to Produce Granulates: Evaluation of Occupational
Exposure to Chemical Agents

Artificlal Turf Football Fields: Environmental and Mutagenicity Assessment
Leaching of DOC, DN and inorganic Constituents from Scrap Tires

Human health issues on synthetic turf in the USA

An Evaluation of Potential Exposures to Lead and Other Metals as the Result
of Aerosolized Particulate Matter from Artificial Turf Playing Fields
Evaluating the Risk to Aquatic Ecosystems Posed by Leachate from Tire Shred
Fill in Roads Using Toxicity Tests, Toxicity Identification Evaluations, and
Groundwater Modeling

Synthetic Turf Field Investigation in Connecticut

An Assessment of Environmental ToxIcity and Potential Contamination from
Artificial Turf using Shredded or Crumb Rubber

Environmental risk assessment of artificial turf systems
Hydroxypyrene in Urine of Football Players After Playing on Artificial Sports

Fields with Tire Crumb Infill

Evaluating and Regulating Lead in Synthetic Turf

Leaching of Zinc from rubber infill In artificial turf (football pitches)

Alr Quality Survey of Synthetic Turf Fields Contalning Crumb Rubber Infill
Memo to Gloria Addo-Ayensu, Fairfax County Health Dept., from Dwight
Flammia, Virginia Department of Health

The RMA TCLP assessment project: Leachate from tire samples
Hazardous Chemicals in Synthetic Turf Materials and Their Bioaccessibility In
Digestive Fluids

Note: Not reviewed-not applicable.
£ " :E an of il i cwith-rut

Note: Not a sclentific study, expert opinion only; Not reviewed.

Investigation of PAH and other hazardous contaminant occurrence in recycled
tyre rubber surfaces: case study: restaurant playground in an indoor shopping
centre

= : 5 AT P PR EFT PPl PR e =

Note: This document reviews many of the documents already on this list that
have been reviewed, Also Includes Information from Aokl 2008, see reference
91.

Mutagenic Potential of Artificial Athletic Field Crumb Rubber at Increased
Temperatures

Note: Not suitable; it addresses injuries to athletes.

New York City Department of Parks and
Recreation

NewYork City-Departmentof Health-and-Menatal

Hyaiene{DOHMH}

Pavilonis, BT; Welsel, CP; Buckley, B; Lioy, PJ.
Plesser, T; Lund, O.

Rhodes, EP; Ren, Z; Mays, DC.

Ruffino, B; Fiore, S; Zanetti, MC.

Savary, B; Vinvent, R,
Schilird, T; Traversi, D; Degan, R; Pignata, C;
Alessandria, L; Scozia, D; Bono R; Gllli, G.

Selbes, M; Ylimaz, O;, Khan, AA; Karanfil, T.
Serentis, T J; McNitt, AS; Petrunak, DM.

Shalat, SL.

Sheehan, PJ; Warmerdam, JM; Ogle, S;
Humphrey, D; Patenaude, S.

Simcox, NJ; Bracker, A; Ginsberg, G; Toal, B;
Golembiewski, B; Kurland, T; Hedman, C

Sullivan, JP,

Torsten Kallqvist

Van Rooij, JGM; Jongeneelen, Fl,
Van Ulirsch, G; Gleason, K; Gerstenberger, S;

Moffett, DB; Pulliam, G; Ahmed, T; Fagliano, J

Verschoor, Al

Vetrano, KM; Ritter, G.

Virginia Department of Health (VDH)
Zellbor, J L.

Zhang, J; Han, IK; Zhang, L; Crain, W.

EdeskarT-

Harmetner, C:

Celeiro, M. et al.

Aeki

Dorsey et al.
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Utilisation of crumb rubber as a soil amendment for sports turf

Evaluation of Potential Environmental Risks Assoclated with Installing Synthetic

Turf Fields on Balnbridge Island.

Health Risk Assessment for Artificial Turf Playgrounds in School Athletic
Facilities: Multi-route Exposure Estimation for Use Patterns

Coated rubber granulates obtained from used tyres for use in sport facilities: A

toxicological assessment
Review of the Impacts of crumb rubber In artificial turf applications
Leaching of heavy metals from infills on artificial turf by using acid solutions

Note: Same as Moretto et al 2007, See Study 52.

Note: Surnmary only; no information on the types and source of materials
studied

State of Knowledge Report for Tire Materials and Tire Wear Particles
Health Impact Assessment of the Use of Artificial Turf in Toronto

Nitrosamines released from rubber crumb

FOLLOW-UP STUDY OF THE ENVIRONMENTAL ASPECTS OF RUBBER INFILL A lab

study (performing weathering tests) and a field study rubber crumb from car
tyres as infill on artificial turf

Groenevelt, P, H. and P. E. Grunthal

Johns, DM; Goodlin, T.

Kim, HH et al.

Mota, H., et al.

Simon, R.

Aoki, T.
French-NationaHnstitute-forndustral
Emdrenment-and-fisks

Tilford-Ral

ChemRisk, Inc.
Toronto Public Health

van Bruggen et al.

Hofstra et al.
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EPA Literature Review Summary of Tire Crumb Rubber Studies *

4L RGA Literature Revlew Summary: Scientific literature refere
Literature Review/Gops Anolysls Inciuding th

nces and brief study descriptions of tire crumb rubber studles review

ed by the EPA. The complete Summary Spreadsheet of

& categorlzation of each of the studles can be found a1 h'nps:l[www.epa.gov!sites[pmducﬂanfﬁIesﬂom-

Izlsummary,,spreadshe!L_or_lltmture_revlew_and _gaps_snalysisxisx

Raferances » SdentificLitenatare

Brief Desedlptian/Rerults

Additlonsl Infermatiza er Comments

1 Crumb Use on Playgrounds Rlsk Analys’s and Cemmanication When Mejor |
Ciinieal Knowledge Gaps Exisk, Eenviron Hetith Perspect. 114{1):1-3,

Anthory, OH. 2nd Latawlec, A (8593). A Frefiminary Chemleal Examination
2 ol Hydrephoble Tie Leachate Compangnts, National Water Research

[nstitute, Burlinglon, Ortarlo, Canads, Report No. 9378, Partlil, Partslasd
davant {1ee cepmantl)e

rot revlewids

This paper describes EPA Reglon 8's respense to questions from parents about risks of expasute to tire
Anderson, ME; Kiflard, H; Gutdott T, Rose, €. (2006]. A Case Study of e crumbs In Paysrounds, 1t descrived pareats observations and EPA's efart to obteln Information from the

existing [terature, data g2ps exist.

terature to formulste a response. The concluston was thal whila there was no evidente ofriskbasedenthe

“This repart descrines prefiminany resuits of the application of molesvlar spactrometric Lechnlques 20d
separations] methods ta an exzminatien of reajor erganie components b large samgla preconcentrates of
tre leachata I order to Identify of chamically characterize thesa demonstrating tox'aty in blologleal tests.”

3 Bass, J; Hntze, DW, (2013). Determination of Microblal Populatices ina
synthetie Turl System. Skyline-The Big Sky Undergraduate Journzl 3{1f1.

This study compares the occurrence of microbial poputations on two infiled synthate turf Falds fyear old
turf vs. 6 year o'd turf) In threz lacations... Much higher microblal populations were found on tha older turf
Fe'dwith as ruch2sa 10" [rereass aver similar locations en tre newer turf_. the s'define had the highest
counts with 2n average of 1.42:16" CFUs [ectony Torming units) par gram of rustarinfil on the elder
fe'd_[and] 25510° CFUs per gram ofinfii* on the new sythatic Fe'd. "Counts frem tha MSA plates revealed
a relatively high rumber of manritoMleranting salt-tolerant bacteriz, 2 possible Indication of staphylccocd

| THs Is part 1l of the study, Fartl discusses
tha comprehenzive approsch to
10/charzcterization of unknawa
centamin
precencentsa

a technique used 1o Tsolate
\oble tire laachate compontnts.

Beauseled, M; Price, K: Mutler, €. (2005). Chemlcals In Outdoor Atificls| Turfy
4 A Health Rlsk for Users? Public Health Branch, Montreal
Health asd Social Serviees Asencv.wpu'h.wwmew\.ufﬂtesf

_Rappears that the health risks for players whouse artfidel turf are not sfgrificentand that RIS complately
safe to engzge In sporls activitizs on this type of eutdoor field.”

THis study was a [terature review end
contusions are based on quzltative analysls
of tha data.

defaultjilesfOutdoor, Artficla) Turtpdf,

Birkhelz, DA: Belton, KL, Guidatt, TL (2003)- Todcological Evatuation of
5 Hazard Assessment of Tire Crumb for Usz oa Public Playgrounds ) Alr Waste
Manag. 53:903-07,

prrkhala et 2L, [2003) "designed a comprehenshe hatard assessment o evaluate and 2ddress potential
burnan hea'th ard envirenmental concerns 2ssociated with the use of tre crumb playgrounds. Human
Festth concernswere eddrassed using comvertisnal hazard analyses, mulzgenicity assays, and 2geatic
taxicity tests of extracted tre erumb, Harard to children appears to be minimal. Toxldty to 2il aquatic
organtsms {tacters, Invertebrates, fish, 2nd green a'gaz)was observed; however, this ectivity Fsappeared
with aging of the tre crumb for three months I place In the playground. We conchuda that the use of ire
crumb In playgrounds results In mintmal hazard to chidren end the receiving emvirenmant

Bacca, B; Forte, G; Petrucd, F} Costantind, S; lzo, P [2009). Metals Centalned
6 2rd Leathed from Autber Granv'ates Used in SynAhetic Turf Areas. Sdence of
the Total Environment. 407{7):2183-50.

The total smoLnt and the amount lached durlng the acdic testvariad from matel tometal and from
grandata tograrufate. The Highestmedianvalues were found for 2n (10,222 mg/fkgh, M {755 mfegl, Mg (458]
mgfig), Fe (305 mrafxg), followed by Pb, Ba, Co, Cu 2rd St Tha Hghast leaching was observed for Zn (2300
12 3nd Mz (2500 pgh), fallowed by Fe, S, A), Mn and Ba. Littie As, 4, Co, Cr, Cu, LI, Mo, N1, b, Rb, b and
Vleached, ard Be, HE, 52, Sn, Thand Wwere balow quantification [mits. Data obtalned ware eempared with
the maximum tolerabla 2mounts reported for siritar materials, and orty the concentration of Zn [total and
leached) exceaded the expected velues”

Califorria Office of Er I Health Harard {x007).
Evaluation of Health EHects of Recycled Waste Tires In Playground and Track
Products. Prepared for the Californla Integrated Waste Management Board,
hnp;fhmrf.:air:cvde.r.a,gwfpub:kn‘-ons,ibmﬂ.upﬂ?ubl!nb‘m‘n:llos.

«Overall, we consider it unlicely that a cnetima Ingestian of tire shreds wou'd produce adverse health
eHects,” Only exposure to tinc exceeded fts health-based screening vatue,” "—scclopical effects from
cortaminated sl cannct be nied et based on thise

prefainary Remediation Gaals, athoughthe selanium Jevel lnthe sl was oy,

margnaly Bgher thantha FRG and th 2inc leves were desatathe permal background

fevels.!

Cchitdren 3 years cld evaluated; study also
evaluated potential Injurlas frem falls,

Californta Office of Ervitonmental Health Hazard Assessment (2010). Safety
Study of Artificlal Turf Contalrlng Crumb Rubber Infil Mada frem Reeyced
Tires: Measurements of Chemice’s and Particuiates in the Alr, Bacteria in the

8 Turf, end Siin Abratlens Caused by Centact with the Surface, Prepared for the majority of 2lr samples collected from above artificial turf had VOC concentratio

Califernla Departmant of Resources Recycling and Recovery.
httpiffwenw.calrecycleca goufpublications/Decurnants/Tires /2010009 pdf.

“PMLS and asseciated elements (indluding lead and other heawy matals) were either balow the level of
datection o atsimilar concentrations ebave artifidal turf athletic fie'ds and upwind of the fieHs."The large
o5 that were below the fmit

of detection, "Fewer bacterla were detected on artifical turf compared to natural turf.

At megsuremnents were takenln & artficil
Falds and 4 natural figlds, The study 2is0
Ireluded a survey of soccer coxches to gather
trformation about hours In games and
practices. Therepertalsolnchoded a
[rarature review.

Exposure to Recycled Tire Rubtet found at Flaygrounds and Synthetic Turf
9 Fie'ds. Prepared forl Rubber Marufacturers Asseclation, Washington, [1]8
hitp:fwwema.org/dowriordfscrap-
lLr:sﬁm&mnm=numw:sl.'exl'-'lenh.‘re_lwf.ea_o&l!pdf.

Cardno Chern Rlsk, {2013). Review of the Human Health & Ecological Safetyof

“A review of avalisble studies concludes that adverse Fealth effects are not Exely for chiléran or athlates
exposad to recyced tre materials found at playgreunds or athletic fields (Tadle 1). Slritarly, naadverse
ecclegheal or environmental cutcomes from Feld leschate are kely.”

The study presented cancer calculations for
arsenlcand non-cancer caloulations for
antinony. Popuiation evzluated were 31070
yrs cid.

This literature Includes Inforrration frem
several of the studies [sted Inthis

spreadsheet. No originel experiments were
cenducted,

Castellano, P; Proletto, AR; Gordiarl, Ay Ferrante, R Tranfo, G;Pad, E;

10 for Artificial Turf Seceer Pitches: Developmant and Imptamentation of 2

survey Protocol. Prev Today. 4(3)25-42

Pigrl, D, (2003), Assessment of Expasure to Chemical Agents in Infil Materizl |of the piich - thare was ro eccupath

< of tha meitering carried out during tha research presented In s pagar showed hat vrdarthe
considered - gven the peculiar charactenistics both of the Infil used and of the geographlc lacation|
amal exposure nor 2ny eddilonal exposure ta the substancas of Interest
other than an environmental exposure Inurban areas. THis tesearch represeats tha prefiminary stage ofa
lacger project to further Investizate aspecls of exposure assessment of polutents potentially emitted by the
Inf] materizl used In artificis! turf scecer pitches.”

“Theres
conditior

11 Chang, F; Un, Ty Haang. € chao, H;Chare T; Lu, €. (1559). Emisslon
Characteristics of VOCs from Athletlc Tracks, J Haz Materia's A20: 1-20.

“Tre type Ul potyurethane track hed the highast decay rate, whila the nynthetc rubber
track had the lowest decay rate. Twoyzars ahtar tha track lnstatation, the VOC concentrations
(r2asured 8t 1.5 mabove the track, the breathing heightof school chitdeen, were rot sigrifizantly higher than

This stucy nioted that all of the synthatic

Falds were 21 Instaled with edhesive and
backings which reight 2lso contribute o VOC
offgass’ra.

tha backgreund levels”

cherg, H; Hu, ¥; Relnhard, 84, (2014). Endronments) and Hed'thimpacts of

1 Artifictal Turf: A Rewlew. Envlron Scl Techaol 48(4)2114:23.

Ths terature review covers toples such as: disposel of serap tires, composition and preduction of tire
rutbar, Zn0 and PARSIn tire rubber, and [fe cycle 25sessmeant studies. Review of studizs where the tordcity
charactedistic leaching procedure (TCLP) was used Indicated constituent concantrations well below MCLs of
TCLP regulatory Emits

“There remalrs a significast knowledge g2p
thatmust ba urgently addressed with tha fast
expanslon of the artificial terf market. Glven
thewide range of deslgns, iges, and
conditions of artficial turl Felds, Rtls Lkely
that the cortaminant relesse and the
eavironmentel Impacts 2re variable from site
to site. ItIs 2lso Important lo assess mare
systematically the risk posed by the tire
rubbar crumb on tha endrenment and

humsa hea'th®s
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Chlen, YC: Ton, S; Lea, NH; Chia, T; Shy, HY; Wy, Y5, (2003) Assessment of
Oceupational Health Hazards In Scrapire Shredding Faciities, 5d Tetal
Eriviron, 505 3546

"Levels of velatle organies were not slgaificant, but a few mtegens/ gens, such asstyrens,
benzothlazele, phthalate ester end naphthalena w J, Total partfeutate Javels ranged from 0.43 1o
.54 ma/m, whils respinatle pretieutales ware In the ranga 023-1.25 my/m's Ames testing revested Indirect
mitegeniaity en straia TAS3, ladicating passitla eHects of frame-shift typ2 mutzgens. Chervical anatysis of
sirborne particulstes cenfirrmed tha presence of amings, anling, quinoiing, amides and benzgthiazole, which
Bre potentialiy comertibie to frame-shiR typa mutigeale nitrosoamiags.”

“Totaland respirable prrticudate levels were
sty under hatf the current TLVS of 10 2nd
3 mg/m’, respectively, for ACGH ‘nan-
Gassified nulsance prraulate’s
Nevertheless, the results from the
SalmonelafAmes test Indicate that the
alrborne particulates of thewerking
environment Induded mutagenic and thus
potentially eardnegente Iagredlents.
Consequently, particulate generated from
scrap-tire shredding may pose a heaith threay)
toworkers, and should net be regulated 2t
“radsance’

Parspect. $16(3): A116-A122,

Taudio, L. [2008). Synthetie Turk Health Debate Tekes Reot Enviroa Health

Review artide; diseussas risks vs benefits,

Assetsment of Artfictal Tud Flebds Based Upon Results frem Five Fidds In
Conndetioul

Connecticut Depariment of Puble Health [COPH). (2010} Human Kealth Risk

gy www.ctgav/desp/io/desplacinicialtortdsh_artificlel_tuk repartpdty

" spite of the eanservative nature of the assessment, cancer risis wera only Bightly abowe de minimis levels
for 81 seenarlos evalnnted Including children playlng at tha Indocr fagiity, the scenzrio with the Highest
exporure. The calculated risis are well within typleal risk levels Inthe community from arbieat poliution
touress and ate below terget risks assodated with many alr
ériver, bntene, was ¢ly ebova badkground I parsonal menheriag samples and so mzy ba more rel2ted to
e sampling equipment or hiost than belag Fald-related. Chronte noarcancer riskswere not elevated above 2
Hataed Index of 1, "Cancer risks are s¥ghtly sbove da minims I 2% scenirfos, belng nearly two fold higher
at the Indoor field 4 10 cutdoor ad being bighes for chidren than adults.

¥ prograrns. Further, the mal risi the field), end of-fie'd upwind 2nd In the

Samples colested via paesonal monitoring
2nd erea samgling (6 lnches and 3 feet above

COMMUNTTY,

e et Uk, Il A

Turt Freld Investigaan In Connactiout Fingl Regert.

[ Health Center (UCHC), (2010) Actifidal

htlpfwww etgenldeepib/deepfantifidatturtfuche_artifical_turl_repertpdf

10f the 60 VOCs tested In alr, 4 VOCs appear Lo b2 assodated with turl, OF 22 PAHS, Swere fourd [ the alr
o the turf 3t 2 fold grenter esneantrations than In backgreund locations on atfeast two fields. Of tha five
targeted SVOCs, benzathlarole and butylsted hydroxyloluane were the only chemicals detected Inthe
personal and acea ke samples feor outdoor tur fields ranging from <80-1200 ng/m3 and <8130 ng/m3,
tespectively, Nitrasarine alr bevels were below reporting levels, PMIO e cancentrations were gresterln
background locations than on the turf at 2 flelds with the exception ol Fidld @, However, the PM10 2
concentration on turfat Flald B, 5,89 va/m3, was within the ranga of other PHI10 background concentrations.
Allof the composite samptes of burf fibars 2nd crumb nebber wase below the kevel EPA consldars &5
presenting a “sol-eed harard™ I play areas (40052m)."

*Tha elrborne ceatentrations of VOCs,
targeted $VOCs [e.g. benzothiatole) and
miscaliansous SYOCs were hightst et the
Indoot Feld.These data were collected from
anly one Indeor faciity, Higher
concentrations of these chamkals atthe
Indoor Field Icely refects the lack of 2l
trevemnent relativa to outdoor
fieldspotentisl polat sources were
|identified In the fachnty, {electric cants,
portable chargery, end malstenance
supples) and the Indoor faciiity cid not have
s exhaust systam oparating on the day
saples wese collected, Mot research b
needed to better understand chemical

Connectiout Agricultura) Experiment Statien (CAES). {2010) 2009 Study of
Crumb Rubber Derlved from Recysded Tires, final regort.

httpfwaw.cLEou/deep/iofdeep/artificialturi/cats_arvficial_turl_reportpdf,

expesures Infndoor faciides,”

" althoughthere Is a decrease Inthe
2mounts of &l sl compounds which eutgas
over the ten weds of this experiment, the
dereasa s the least for 4-t-octylghencl,
Sacond, at epprodmately 20 diys of
weathering under the conditfons fn this
exparirent, tha five compeunds appear to

Turl Study: Leachate aad Stormavater Chracteds!

Connectiout Departreant of Environmantal Protection (COER). (2010) Artificial

tics,
hetps/hwvww.cLgon/deep/ib/deeplaciichltur/dep_entificial_turl_report.pdf,

"Zincls the mest prevalent A in the lezthate 2ad stormwater studles.® “The DEP condudes that
thera s 8 gatential risk to surface waters and aquatic organtsmis assodated with whots effuwent and tine

of 2n Evaluation ¢f the Health and Envionmental Impacts Asseclated with
Syathetis Turf Pizfing Fiekds,
hitpef o st gorleeeplib/desal
|port gdt.

Conntctkut Academy of Schence ind Englazering (CASE), (2010). Peer Review

P 1fcase_artifichal_turl_peview_re

reach a conslstent level of outgasslng.”

Londelty of stormmwater runeH from 2rifichel turf Relds...This study ¢H not Identily ey significant risks to
groundwater protection criterta In tha stermater runclf from artfical turf Felds.”

The CASE Peer Review Committes conciudad based on s review of the state's reports that there Is & limited
human hea'th risk, 3nd an emvreamental risk a3 shown by the high 2nc levels detected, Furthermere, ItTs
balleved that some of the resuits can be easly misinterpreted by the publie”

Assessreant of Synthetic Turl Grass Blades, Avalableat
mﬂw.:&w@;em;_l:wlﬂmmummr.

Conturm e Produat S31ctyt Commission (CPSC). 2008, CPSG SUa Anlysls and

"The eesuits (Tedla 1) for this set of testad syathatic burl Relds show o case In which the
estimated axposure for children playing o tha fleld would exceed 15 vg lead/day.”

Crampten, M; Ryan, A; Eckert, C; Baker, KH; Hersen, DS, {2014). EHects of
Leachats from Crumb Rubber end Zc In Grean Roafs on the Sundal,

seravar typhimuriem, App! Enviren Micro, 80.9:2604-2810,

Growth, end Reslstance Characterdstics of Salmanala enterica subsp. enterica

" Extracts from crumd uaber were collected and Salmanela was exgposed to this

material for efther 24 or 48 h and subseguantly enumerated. The 1-h extract was mere lnhibltory to
organtsrs than the symthatic ralnwaler [SAW) 2lone. Additenally, the 24-h and 48-h extracls were more
Inhibitery than the 1-h extract when In contact with

Salmenells for 24 b

*"The median concantration of tinc Inthe
crum rubber-amended roof was 0.2 maliter
1 Wihile the madian concentration of tlncln
the commarcl medium was 015

et

3nd Safsty Risks from Synthetic Turl Fields Contalning Crumb Rubber Infid,
Prepared by TRC for the New York City Departmant of Mental Health and
Hyglent, New York, NY.

Derly, £; Rutiowsyl, K; Yetrano, KM, (2008} AReview of tha Petential Health

hlw&wwmmmﬂﬂj%{yﬂ repart 05-03.pd(

vaased on the Infermation reviewed none of the risk assessments showed concentrations of contaminants
thatwould be st a level of concern, even Lnder conservative assuratiens 2nd thus R does nat appearthat
the Ingestien of tire crumb would pese  significant health risk for ehildren or aduits.”

3 study Is a Fterature redew of sevend
studles on tire crumbs. They malaly focused
o the results from the CalEPA 2007 study,

Dye, C: Ejerke, A; Schmidbaver, Ny Mino, S, (2008}, Measuremznt of Alr
Potiutlen I Indocr Artifical Turf Hetls, Nerwegiaa Pollution Cantrel
Authodty/Nerwegan lrstitute for Ale Research, State Programme fer
Pealutien Monltoriag, httpylfwww lsss-

"

sportpurfs laads/d t4/SILHPZNZPS NAUERgelstpd

=_2irborne dust concentrations thit oae wowld expactinen lndeor enviconment for both PAO wndPM25
Iractions.® "1 2l three halls, the propertion of orgeatc matertal ks considerable. Thealrbarns dust containg
polyeyelic aromatie hiydrocarbons (PAH), phihialates, semivalati'e crganic compounds, benzothiatoles and
aromatic amines, It also contalng ergric and lnsrgantc pollutants whith are not specified n ths study,
Possible problem areas finked to latex exposure via the sin and alr passages shouldbe assessed by
specalists,

Tha study was conducted to obtela
easurements of a'r quality for three Indeor
artificial turf pitches, The measurements
wese taken in o ha'l with recently leid nubber
greculate (S8R rubber o Styrene Buladiane
Rubbar) end a hall with rubber granate
(53R rubber) which had been In use for one
year 284 @ hatl which used graavlatemede
from thermoplastic elastomer,

g wavehhlerg/reportshurfrurl_reportd?.pdf.

0
Ervlrorment & Human Health loc. (EHHI). (2007). Attt Turl - Bxpesures Lo Tt1s ciear that the recyded rvbber crumbs e not laert, nor ls a high-temperature of savere solvent
Ground-Up Rubber Tires ~ Athlktie ields - Playgrounds = Gardening Mutch,

L extraction necded o release metals, velatle organic compaunds, of semi-volatile ooganl cempounds. The
retease ofalrborne ehanicals and dustls wel esteblishad by the current Information..There are stil data
that need to ba filed In2nd additionl studies are warreated.”

sultabity of ground nubber tiee as a parking lot surface,
udypdl.

Florids Department of Emicenmental Pratection (FOEP) (1395). Studyof the

huph'hw.deg.mu.ﬂ.mhnxte.’w?«_twhlwb‘.kiuomfmﬁmﬁwn
1A

*Excapt for the lren carcentrations datectedIn groundwater samples colected from MW-1, MW-3, 2ad MW
4, 3l remalnlng safl, groundwater, raln water, 2ad surfeca water runalf concentrations were below State
guldanca concentrations,”

Fer each study, sevaral concentrations [fe,
Na, Cr, elc) were abeve laboratory detection
Tirmits, but below State targetlavels,

Glnsbarg, G: Tosl, B; Simeox, Nj Bracker, A; Galemblewnd, B;Xurlaad, T

Based Upen lnvestigation of Five Flalds Ia Connecticut. | Teadcel Enviten
‘Health, A74[17):1350-74.

Hedesan, C. {20111). Hurman Health Risk Assessment of Synthetts Turf Flelds

*Cancer a7d nentancer [se levels were at o below de rinimis levels of concern. The

scenaria with the highest expesure was chikiten plsfing on the indsot field, The acute hazard index () for
\his seenaclo approathed unlty, suggesting a potentzl concern, sithough there was great uacerainty with
\is estimate, The mala contributer was Bamothlanele, a rubbar-elated semivoiatiie organis chamical (SVOK)
thatwas 16-feMd Wgher Indoors than eutdoors. Based vpon these findings, outdeor and Indeor symthetic vurf
fields are not atseciated with elevated adverse health risks.”

suppert of Synthatic Turf Flaid Homan Health Risk Assessment. Journal of
Torcolegy and Erdironmental Heath, Part A: Current Issues. 74:17, 2175+
1183, DOL; 10.1080/15287354.2011.586543;
hitpy/dedslorg/i0.4000/15287384.2011 585543,

Ginsberg, 6; Toal, B Xuriand, T, (2014b). Bentothlazole Tonidty Assessmment In

See data In constituents tab for COFH 2010

Based ona review of the [terature, "The following BZT toxicity vafues were derbved: {1) acute alr targetel
110 pg/rm3 based upon 3 BIT RDSO study In mice relative to rendts for Torrmaldebyde; (2) a chronie
noncancer target of 18 Jg/m3 based upen the no-observed-advarse-affect leval (NOAEL) Ina subchronic
dtatary 1hudy In rats, dosa route extrepelation, and uncertainty fasters that combing to 1000; (3) & cancer unt
risk of 1.8£-07/y:z-m3 based upen a published oral s'ope facter for 2-MBIT and dose-toute extrapelation.”
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\Fernandes, J; Pampulin, V; Custodio, M; Veloso, | (2010). Taxicological

Gornes, J; Mota, H; Bordado, ); Cadete, M; Sarmanto, G; Rivelro, A;Balaa, M;

Assessmant of Coated Versus Uncosted Rutber Granulates obtalned from
Used Tires for Use In Sparts Facilties, ) Ale Waste Manag Assoc, €0{6):741-6.

"The exparimental study presentedin Unis pazer Indicates thatthe AL caating fulfls the requirements of
adhererce and color stabivty requested for this particular epplication and is effectve Inredudrg
environmental emissioas from the rubber grarufate materisls; nemely, b terms of l2zching of poliutants such
28 PAHs 2nd hezvy matals, The clher coating tested, R2, 2lso shevws good parformance characteristics but
has 3 lesching value for $n exceadira the reguated imit”

Two coatings exarmined: (1} Basedon
emulsifed PVC (DC0314/R1) (2) Based ena
cressdinked alquidic polymer (DC-0314/R2.
Both coatings Includad color 2diites 2nd 2
Feme-tetarding agent.

Gomes, IF; Mata, Hi; Bordade, i€ Belfo, M; Sarmenta, GM; Fernzndes, I
Pamputim, VMY Custédio, ML; Veloso, ). {2011}, Des'gn of a Hew Test
Chamber for Evaluation of the Texicity of Rubber Infil, Toxtcal Mech Methods.

“The study presented In this artda [lustrates the Lse of the describad test chambar as eMective for
sirmtating etmospheric conditions experiznced by rubber infil {when 2pphizd In synthetic turl pltchas) and
measuring sccurately the different leachates a5 well a5 emisslon parameters. Therefore, Uis procedurelsto

21(8):622:7,

Gualter, M; Andriolett, M; Mantecca, P; Vismars, €; Camatiel, M. {2005}

\rrp2ct of Tire Debris on I vitro and In vive Systems. Particte and Fibre
Toxcology. ¢oli10.1186/1743-8977-2-1.

b considered 2s a technkal option to the hyrimeter mgiobal turf system evzlaation” whenthe rubber Infill
2lone s to be evaluited.”

Tris study exsmined the efectiveness of
using a simulation chamber, but stil
eramined bre cumb samples, Sample types
were cryoganic and sami-eryogenic,

*Previous work 2nd these resuits confirm the sigrificant Tole of 2iac in leacked TD and the presence of
additionsl erganic texicants. The studles performad have fecused thelr sttention on the potential talc sk ta
Idrg 2quatic orgaisms from whele rubbar tres or serap. In thisstudy

TD has baea Invastizated fot s Impact on human cetl ines and en X, lzevls em 2

He, G; Zhao, B; Denlion, MS. {2011).1dentifcation cfBentothlatole
Derlvatives and Pelycydic Aromatic Hydrocarbans as And Hydrecarbon
Receptor Agonists Present [n Tiee Extracts. Env Tox Chem. 30{8):1915-1925,

L

“The application of CALUX (Chemical-Actited LUciferase gena eXpre s5%en) cell bloassay-deiven texdcant
Identificetion eqalvation netonty revealed that tre exract contained avariety of known AhR-zctive pelyeyciic

arematic hydrocarbans, butzlio Identified 2- methyithlebentothianele 2rd 2-mercaptobentothizicts 25 AR
agontsts. Aralysls of & structurally diverse series of benzothlatelss [dentified many that could directly
strmulate ARR DNA binding 2nd transienty activate {ha AhR s'grating pithway and dentified benothlzioles
258 new class of ARR 2gonlsts. In eddiien to these compaunds, the relatively high ARR 2gonist activity of 2
larga rumber of fractions sirongly suggests tRat s extract contalns alarge number of phystochemically
&verse ARR 2gonists whose ldentitias and tedcologicalfoiciegical significances are unknewn.”

.S, Envirenmental Protection Agency (Highsmith, R; Thomas, KW; Williams,
AW [2003). A scoplng-level fetd monltoring study of syrdhetic turl felds and
playgrounds. Weshington, OC: Office of Research and Development, National
Expasura Research Leboratory; Repart Ko, EPAJEMO[R-03/135
hittp:Hfefpub.epa govfsisl ,pub"nc_record_leportcl‘mmrin\nf.d:nsns!-stm
pl!S:Ir(halMurdukhEPMIFGOOWEFR-OSﬁZHSS)

*(5) On Bverage, concentritions cf compenenls macitored In this study were balow levels of concern;
hawever, ghen (ke very frmited nature cf this study (Le,, Fmited number of companents menitored, samples
stes, ard samples taken ateach site) andthe wide diversity of tre crumb material, Itls nat possiele toreach
2ny more comprehenshve conclusions without the cons™deration of additonal data”

Hefstra, U, (20072). Environmentel 2nd Health Risks of Rubber Infil: Rubber
erusmd from car tyres as iafill on artificial turf, INTRON AR3IIEE0/R20060318.

TBased o the avalable literature on expasure to rubber crumb by swallowing, [ahalation 2nd sidn contact
ard eur exparlmental lnvestigations on stin contactwe conciude, that thare Is not a significant health risk

dus to the prasence of rubter Infl for footba'l players 2n artificial turf pitch with rubter Iafil from used car
tyres.”

Incorvia Masting, MU; Isleyen, M; Berger, W; Orderelr, 5. {2007). Examination
of Crumd Rubber Produced from Recycled Tires. Department of Analytical
Chemistry, The Connecticut Agricultural Research Statien, New Haven, CT,
httpffarae cLg: /' i fdi [fact_sk /!
patenairumbrubberactos.pdl

rrentsfpubBeath

"The lsberatary data presented here support the congluslon thatunder retatively mild conditions of
temparature 2nd leaching solvent, companents of crumb rubber produced from tires [j) volatiize Into the
vepor phase and (i) are leached Into water In contact with the crumbs.®

lohrs, DM. (2008). Iritia] Evaluztion of potentizl Humen Health Risks
Assodated with Playlag on Synthetic Turd Fie'ds on Balnbridge lsfand, Seattle,
WA: Windward Environmantal LLC.

This study evaluates heakth risks for chiidren {2-10yrs c!d) ard teanagers (11-18 years o'd) participating In
team sports. Itused the highest concenbiations ektalnad from Narwegian Institute of Public Health and
Radium Hespita] 2003, Plesser and Lund 2004, and OHHEA 2007.

“Overal, the batance of the studies reviewed
Indteate that human health risks from playing
on synithetic turf fields Is mialmal, even
though law toncentrations of some
chemicals have beea damanstrated toleach
from the tire crumb, or volatiize as vapor A
conservative sport play seenzrio developed

to batter deseriba turf fied use on Balrbridge
Istard Is consistant with the findings reported
In the other publshed studles”

Kanematsy, bi; Hayashl, A; Denlson, MS; Young, THM, {2009), Characterization
and Petential Environmental Risks of Leachate from Shredded Rubber
Mulches, Chamosghere 76:952-538.

“The resuiis Indicate that aquecus extracts of ruSber mulches (AM] costaln high concentrations of tine (2n)
compired with wood mulches (W), and its concentration Increased at lower pH and higher
temperature.Our results suggest thatorgan’c corstituaats In water extracts of RM which have AhR 2ctivity
may not be of significant concern whi'e leaching of 2a from RM appearstobea potentialy larger waler
wality Issve for RM.

Keller, M. (2013). The Fate of Methlcliln-resistant Staphylacoccus aureus ina
synthetic Field Turf System. The Univensity of Toleda Digital Repositery:
theses end disseraticns.

* largest preportion of avaliable MRSA was 118% cf the appled MRsA was avatatle from polymer coated
s3rd, 113% from TFE, 3107 from crush rubbar,105% from sand, 100% from organ'e, and 57% from EFDM
robber?

Kem [Swedish Chemlcals lnspectorate). (2008}, Syrithatic Turf from
Chemcal Perspective-a status report. Swedish Chemicals Inspacorate
Order.No, 510 834,

aprezsurement of Indoor alr and exposure caleulations have shownthatthere Is probably a small haalth risk
assodated with slrply being on of plzying on synthetic turf surfaces that use rubber from recycled tyres. Trz
exposure levels 2nd any allergie reactions, hewever, have been poorly studled, Exposure to these substences
From ether scurces, such a5 car exhaust, must also be takenlata consideration to achleve a total assessmant
o haath risks. Current knowledge alows the concluslon 1o ba drawn that synthetic turf that contalns rubter
from recyded tyres may ghve rise to local envicormantal risks. Imvestgations have shown thatzing and
phanals czn leach from the rubber granuiate, 2nd these substances can affect aquatic and sediment Swelling
organisems, If they reach ne'ghbouring water courss”

The study tested the MASA avallabiity cn
Infil 2nd turf fiber materiz's with
antnoeulstion/recavery experiments.
“Certaln Investgations and assessments have
teen carrled outin order ta Huminate the
risks of Usiag synthetic turl, but thare remaln
major gaps In cur knowladge. This Is
particularly true With respect to the extent to
which the hazardous substances are re'zased
from tha rubbar, and the subsequent
eapasure tothese substances of people and
the environment.”

Xim, $; Yen, IY; Kim, HH; Yeo, 1¥; Shin, OC; Lim, YW, (20123), Health Risk
Assessreant of Lead Ingestion Exposure by Partide $hes Ia Crumb Rubteren
Artifictal Turf Cons'dering Bloavaila

, Eralron Health Toxicol, 27,62012005.

*Results of ths study confirm that the exposure oflezd lngestion and ris'clevel Incresses as the particle si1e
of crumb rubber, Average lead exposure ranged from 1.7x 10-5 rrgfeg-day to 4.1x 104 mafeg-day with the
hlghest expotura valug for chiidren 76 yrs old with tha acd extraction method and the lowest exposure to
chtdren 33-18y7s I beth the acid and dgestion extraction. Men hatard quotients were <1,

Thils study calculsted the risk of Ingestien
exposure of lead by particle slzes of crumb
rubbert In artifdzl turf fiing materizl with
consideration of bleavalabity, The range of
Blosvaliabiity depended on the partica size
and the type of extrattion Lsed. Tha <250
um end acld extrzction had the highest
blozvalabiity,

Krdger, O; Ka'oe, U; Richter, Ej Egeler, P; Rombie, J; Berger, W, (2013). New
Apptoach to the Ecotorlcological Risk Assessmeat of Artificial Outdoor
Sportirg Grounds. Environmentsl Pellution. 175:63-74.

"The resats show that freshwater algal growth Inhibition tests (Psevdaidrchnerielia subtapiiata) and the
acute tordcity test (Daphela magna}are applicable to datermine the ecotoxicity patential of artificial turf
systerns 2nd thelr compontats.”

Companents. Environ Scl Technol. 4£{24):13085-90.

Kroger, O; Kalbe, U; Berger, Wi Notéhaup, ¥; Chrlsteph, G; Walzel, HP. {zo012).
Coreparisen of Batch and Celuma Tests for the Elution of Artificial Turl System

“Considering the risk assessment of artificial turf systems, emphasls sheuld be placed not enly on the plastic
campanants but 2o on rineral aggregates Lsed for basle layers, which might contritute to thereleasaof
contaminznts, especially of alnc. For a thorough and realistic risk assessment, column tests of complate
artctal turl systems, simulating the sctusl Istallation, may ke more realistic,”

LeDaux, T, (2007). Prefirlnary Assessment of the Tedcty frem Exposue lo
Crumh Rubber: Its Use In Flaygrounds and Artficial Turf Playlng Flelds.
Division of Sclence, Research 2nd Technology. New lersey Depactmantef
Environmental Protection.
h\tp;,ffﬂw.slatm].usldap,!ds-mse::chfnruzepapemzo—umbber.psh

o erumb rubbar for the stated outdeor use at this tima dueto exksting

data gapsinthe pvalable Iaformatisn. After reviewlng tha Information avadable,
of atizrgic raactions amorg Individuals sensitized ta latey, rubberand

retated products, there was 6 ebvlous toxicelogiea! concern rzised that crumb rubber In Its Intended
outdsor use o playgrounds and playing flelds would cause adverse health

elects In the normal population®

ith tha possizle exception

“lrutficlent Information was found to perform a comptate formal exposure assessment/frisk characterization

LI, ¥; Berger, W; Musante, G Inconvia Mattica, M), {2010). Characterization ef
Substances Released from Crumb Rubber Material Used cn Artifichl Turf
Fields, Chemosphere. 80(3):273-85.

Ten volatle compounds were Ideatified In the vapor phase aver 2!l comerarcial CRM samples 2nd two 2ged
Fe'd CAM samples by SPME couplad with GC-145, S vo'atile compounds were quantitated by directvapor

was the Highast of 21 extractabla metals in the edidified extraction fluld”

ghase Injection. In 211 16 virgln cormmercial CRM samgles, BT wasthe most abundantvelatle compound, Zine

“There cou'd be preferentizl usaga of BHT,
BHA&nd 4-1-0P as antioddants fa rubber
marufactura for tire rubber and cther rutber
products. To the bestof our knowledge this
1s tha first report of datection these three
antiaaidants In the vaper phase relzased
from ary tire rubber materfsls.”

Liay, P; Welsel, C (2003). Artiicial Turf: $2fe or Out on Ball Flelds Around the
World; Editerial. J of Expes Aml Environ Epidem. 18:533-534,

"ALthe present time, we belleve that the milion dollar expanse o produce and Install a synthetic Field by
communities and athletic facifties demands a much more thereughunderstending of the emvirormental

the mirkel This cals for a comprehanshe evakuation of artificis! turf by exposure scientists, and others n

environmantal seence and envirormental health sdiznces.

Imgacts, human esposure and haz'th risk Implications associated with 2t synthetic turf preducts availablz on
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Elements 1nd Organic Materisls, Repert peepared for WIDEP, Bureau of
Recyciing and Fleaning.

Loy, P; Welsel, C. {2011). Crumh n8I pad Turl Characterfuation fer Trace

*Qyerall the matals, PAHS end sembrslatie corpounds found ol dasses of materfals Lo be et verylow
concentrations. Thus, for the metets and compaunds Mantified there wou'd be de minlmus exposures end
sk among enyone using Fields with the exception chlead na single new turf material. Itk therefore
prudent to reamphailze the reed Lo wvo'd lead-bared plamentsla these materials 38 coloring 2gents.*

* As Indicated eur EOHS ihudy provides two
rew key 1els of meagurements, the
blorvelabity of matals and oganks
crumb rubber, for which there ira very
Ereited dats previously reparted and the
screening of the cnueb rutber for retals 2ad
organies whichhas only pravicusty beea
dens extensiely In Europe and stauld also
be done on materil produced n tha US;
This article a'so provides 8 summary of
studies lnchudlng analyte types {see Tatle 1)

Hatardous Organie Camicals In Rubbar Recyced Tire Playgrounds 2ad
Pavers. Chemasphere, SO0{2)4233L

Uompart, M; Sancher-Pacdo, L Laoas,  Garcla-tares, G Reca, £ (2013}

Inghuding PAHS, phthalal

TThe analys's confirmed the presence of alerge rumterol b
antioxidants (e.g. BHT, phenets) Hatele and darkvati
the high content of toxle chamicals Inthese recyded materials, The eencentratien of PAHS 1a tha commercial
avers was extremsty high, reachingvaluss upto 1%

Jourml of Enviroamaatal and Anabyiical Toxicology. sia)

:':;?;"‘Lé’ P:ﬁ % D’: :nmd' “,:‘c K M"“‘f‘ 5i ::’::ﬁ;:!?:'u'ﬁmn:th through evaporation, Athlzies frequenting greunds with synthetic turf are therefore exposed to chionie
Crumd Lnsw.uu] :‘; T:w-l'ﬂdds- F"imc :'lnw Hanard Assessanent for A 5 Lendeity from PAHs. The maln condusionwe candraw from this prelminary study, which wil ba vatidated by

\g olher chemicals, Tha study evidences

*The results of the present study demonstrate (hat PAHs are ceatinuously released from nutber crumb

Further field and laboratory cesearch, is that athough ymthetie turf offers vadous edvantages cver patural
grass, tha quantity of toxic wbstances It releaseswhen heated does notmake it ¢afa for public health”

The syady tested 8 different systhevic turfs
Irom feotball Feids, They caleviated HQ For
cancer they calutated expature maiing
assumptions and the TEQ methed for PAHS
end compared exp to these exp

from foods erd found they vere 1000 higher

MaNitt, AS; Petrunal, D; Serendits, To 2006). A Survey of Microbizl

-Au(-mulsdeml,hpmﬂnlofﬂwsdlm.
hte:plantsclence.psu.edufreserchfeantersfssrc/resear

ol

populations ln Infled Symthetie Turl Fields. Penn State UnNvenyity, College of nWhile micrebas exdstn tha Infil medla the

putbar was low compared to natural turfgrass fie'd sells.” The
ringe of CFU was 0-80,000 In the Il reatedal compared 10 259,500 found In naturaisell.

lacavella, N lamiced, AL, Tzo, P; Merll, Fj B4, B, (2011} Artifcdat-turd

O -
Menlchin, s Abate, Vi Attas, L Deka, 5 oiDemenke, A; Foc, I Forte, G ‘Compared withthe MtaEan Brmits for "green acea® solls, high contents ofZn #nd PAHs were found Inthe

grandlates present In playing Reds, whatever the erigin of the ubbar, Tn end BaP concentrations largely

i exceeded sieh Fmits by up to two erdatsof magninude_PCBs and PCDDSHPLOFs were found Ina recyced
Flaying ﬂﬁ;ﬁ::‘;;" m‘:‘:ém:r:ztm?";‘:‘fz’;ﬂ“m fyve ranclate, atbevels Ia the order of nagniude of the mentisned Trriss_Based on the 04 ng/m3

concentration and Using 8 consenvative sppro3ch, we eatevtated an excess Ietime cancer risk of 1x10-6 for
an athlete with an Intense ar atthviey. "

403{23)4950-7,

et e S AR skt R N S b dind e gre
Jee s dent delelonsliig Med sleriasad .
Ropiedind o ol g SR BSOS io el AL

than exposures from fzed.

The study colizcted crumb rubber samples
from both "high use® weas and tow uied”
aress. The fields were used by elementary lo
eisional athietes.

*Furthar work ls needad toassess thazctuzl
seanarios of exposure to PAHS by Iahtlatien
and the corresponding risis, and to rexh
mate comprehansive conduslons.”

Ths paper dots rot specify thatthe ek fields that were sampled were artifical turf F2'ds with tiee crumbs,
Thus, this paper Is nettelevant. ith Inchuded oa this Fst beeause R was Fsted on a previous Fteratore reviea
of microblal work dane on tire crurrh rubber mtificial Reids,

Maone end MecBroom, Inc. Evaluation of the Erviroamental Efects of
Synthetic Turf Athistic, (2008}
e ferne acigebaispertscomimedia/tilone) il

“Tha rise in temperature of the syathets fineriwis significantly greater thin the rise In Lemperature rated
for the erurmb rybter "An anityts of the concentratien of matals [a the actual drainage water Indicates that
ruetals do netleach In ameunts thit would be eensidered a riskto pquaticife 2s compired to exisling water
quality standards.”

“Tha field whete banzothiatole was detected
had recently been groomed, thareby bringlag|
Mwlqulnﬁuuduumﬁ:mbbermmr
ko the surface of the fleld resuldng In greater
expoture o both the surlight and 2™

Moretio, R. (2007} Envl tal and Kealth Evab efthaUse of
Elantemer Granulates [Virgin and Frem Used Tyras) as Fiiag InThird-
geraration Anitickl Tur, France, ALIAPUR In partnarship with fleldtert
Tarkext and tha ADEME (Environmantil French Agency)
hupw‘wmahwwmawdﬂdo_pmmﬂuuq_hﬂ_-

“From en ecotonologial pelat of view, he nature of the percolates having passed througha 3rdgenantion
artificia) pitch are proven to ba without Impacton tha environmant, lrespective of the typs of flling
granudates,” *.for the s oc and pdeiydes cancemed and on the bas's of Lhe resdts aequired during the
characterisation of the emissions, tha maxdmam concentrations In the gymasstum, modetisd 20 023, arecf
parocmately the same magnitude 25 the ublguitous

Eevirorsmantal_Study Regortpdl, concentrations [n the arsbiant alr (exterior end Interior), of even Inferior bn eartaln catds.”
P

o Llialetar e fthg B

pretitmatle subsbaceswhels Kras)

ol svady dess ned mastowr veareh piltechs ffeceias ea

7052:8572pdk

. : of cutdoors.” Healthi ats; FouI Tepe L

':xm‘:;y:: ﬁ:’:’m“"‘;" e mm:’:'m";ﬁm a:m " baniothlarels, leyckherylaming, cydohaxanaming and dibutyl phithslate, These sbslances are presentla
Tur, meﬂmmmnhim 1l Frotection Ag hh,hcomenm\éonsinwnudmwmmmdﬂnsumlnduerepmenumnomnhumfd
hu’bmtww!mwm;‘bmlmﬂm_ substances emitted from the products.” "The everall pisessmentls thatthera are pa heakth effects

“Overal, Tt can be concluded that Toora of 115 2l forelgn studles conchude that
there are no heaith problams for Lsers of artficl turf pltches, nelther Indeors
were salected for the health assessmentt

astociated with exposure 1o the four substances tested, with the exception of a potentisl vk for develeplng
J:&-rgv I particularly sensiive IndMiduals (bentothiazole and tha two aminas).”

Ervirenmertal Ausqremants
=3 pumber of ervironmentally harmid subitaaces were found n tha centact water from Jeaching lestson
Infils and artifidal burf mats.”

Turf Pitchest An Assassment of e Heilth Risks for Football Playess.

"Itwas decidad to use wont cate seanaries,
which means that the maximum esposure
levels for rubber partiches were used for the
calectation of subitance expesure.”
Inhalation of gases nct Investigated due to
other studies previding Info that It doss nat
posa a haakth protiem,

' “On the bagis of estimated exposure vehues 2 the dotesfeancentrations which ean cause harmful effectsla
Norweglan Instinte of Public Health sod the Redium Hospitel, (2005). Artifid btdaie, 1 oS,

It concheded that the use of artifical turl halls does not cause ary

Noma:’anlmlih‘-ah!M‘chufﬂ\lndthemMHa}pﬂl‘,mh,N . :fledhutthmm:app‘a'eslndﬂdun.dderduﬂd«er\.pmuudldum.rheuv.:nuledmuimof

03) also giva o cause for congern.”

study to Assess Petential Ervironmentsl impacts from the Use of Crumb
RubSer 2t infil Materdalin Synthatic Turf Fields.
hitpyfwicw deeny.govfdocs/materdals_minerals _pdfficestudypdl.

New York Department of Enviroaments] Constrvation [NYDECL {1008). A

*Maay gevernmental bodles Incuding Norway, Sweden and California have recently

tewed tha health Hsues assodated withthe use of erumb ubbat aslafil 2t
#Wwﬂ!mlmmﬁchxfﬁz%dﬂh& tsdidnotfindap it

thréat, Howevas, several ricent prelminary studies.. Indlcated the pru&me(omnkmmp«:m, suchas
polyeyclic aromatic hydrecarbons {PAH) 20d heavy matls, such s aing, erd ralsed concerns that these
substances could hava patential adversa Impacts onthe enviconment sad public health, especaliy for
chitdren playlng en these symthatic burf Belds for extended time

perlods..to sddress these concerns, tha DEC has Inftated a study to assess the potential
envirenmental Impacts from the use of cramd rubber 2t 2n Infil materia] In synthetic tuck

Fields 2nd to collect data thatwould be refevant for u peblieheslth #ad environmental

assesgment”

rubber aRled Synthatic Turf flalds,
g deenggov/does/materials_plnerdls  patferumbribinpdl

_crur rotbber may beused 85 2alafil Withaut significant Impact on groundwater quality..Aneinls of
e rubber samples digested inndd reverled that the lead
concantration [n the crumb ribber samples wera well below tha fedsral hazard standard for lead In sl A

New York Department of Envirenmental Conservation (NTDEC) (2009). An sk assassmant for 2quatic ife protectionfousd that erumb nabber derived entirely from buck res may
Assessmant of Chemical Leaching, Releases to Alc and Temparature o) Grumb-|have an Impact en aquaticlfe dueto Aha releass of 2ine. For tha three other types of crumb rubber, aguatic

Ladicity was found tobauniikely. A public herlth evaluationwis conducted on the results from the amblent
B sampting and condudad that the d levels of chemica! laalr at tha Thomas Jeffersen 2nd Jeha
Mullaly Fieids da not ralsa s concem for nareascar or cancer kealth effects for peoplewhouse of visit the
fields..the Fndings da netindicitathat these felds araa slgnificant sourca of expasure Lo respirable

foulate matter™

N Yor's Gty Department of Parks 2nd Recrention: synthetic Turf Lead
Resulls [onting). Avafablent

el il

http:rfwwmcmumm_mu_w_«fﬂdm sfsymibetic_turd_test

TAvide [rom Thomas Jeflerson Park, thetest resalts fof the remalnlzg 112 fields and play areaswere below
the aeceptatie EPAlerd levelfer o7 (400 parts per miton), the bert standard avalatle, 2nd no potential

resuiss were less than 100 pam. Themat Jeferson Park was the anly Feld with an elevated lead level 2bove
the EPAstandard, *

Jead hazards were found. Lead levels for the 112 felds ranged from ‘not detected” to 240 p2en and 95% of the

e Lt b b aad a8, L, ARl :
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Paviion's, BY; Welse), CP; Buckley, B; Usy, PJ, (2014). Bloaccessitiity and Risk
of Exposure to Metals and SVOCs In Artificial Turf Fleld FIl Materia's and
Fibers, Risk Anslys's, 34:44-55

“Artificlal blofulds were hypothiesized to yleld a more representative estimation of dose than the levels
cbtataed from total extraction mathods. PAHS were routingly below the imit of detection 2cress all threa
blofulds precheding completion of a mean'ngful risk assessment. No SVOCs were Ientified at quantifable
leve's In aniy extracts based cn a ratch of thelr mass spectrum to comgounds that ace reguiated Insol. The
metals were mazsuratle but at concentratizns for which human healthrisk was estmated tobe fow, The
study demenstrated that for the products 2ad fie'ds we tested, exposure to Infil 2nd artfidal turf was
generally considercd de minmus, with the possible exception of lead for soma fialds and materials”

Plesser, T; Lund, 0. (2004), Potential Health and Envizonmental Effects Linked
to Artificlal Turf Systems; Final Report. Morwe glan Bulding Research Institute,
Trendhe'm, Norway, Project EO-10320.

“Thaleachate from the Fhres contataed zine, Tre concentration Is Wgher than the Norweglan Poliution
Control Authority's it for ring In water with Emvironmental Quatity Class V [very strongly potuted water),

273 PAH In tha recyded rubber granutates exceed the Norwegan Pofiution Contrel Autherity’s normative
valies for most sensitive land Use. Tha concentrations of dibutylphthalate (03P) erd disononylphthalate
(OiNP) exceed the PNEC values for terrestrial [fe takea from the EU's programme for risk assessment. The
concentration of lserorylphensl Is ebove the Fmits spacified for cultivited land In the Canadian

Norwezian Polution Contrel Authority's Envirenmental Quality Ciass V [very strengly pelluted water), butls
lowar than the parrissible ine concentration in Canadizn drirking water, The concentration of arthracens,
fusranthens, pyrene end nonylphenols exceed the Nmits for freshwater specified In the Ganadian
Ervironments] Quality Guidetines,

butlower than the permitted 2l concentration In Canadian drinking water..The totel coacentratians of 2iac

Ervironmental Quatity Gudelines_The corcentration of rinc Indicates that the leachate water Is p'aced In the|

“As the measured concentration of
erivironmental toxins (with the exceptionof
copper) In the artificla] turf fibres Is lower
thaa [ the rubber granulates, and the
artficial turf Fres In any case corstitutea
much $maler proportion of the artificial turf
system In terms of mass, its suggested that
further lnvestigetions concenlrate on the
rubber granulates..An expanded risk
assessenent with an 2aalys's of possible
spreading paths and charges Inleaching
progartles overtima Is necessary to
determine the degree to which the
concentretions of ing, anthracene,
Rustanthene, pyrene, phthalates znd
ronylphenc's [1the leachate are actuzlly
harmful ta peozle and the environmant. .Tha
recycled rubbargranulstes ghve off a
significant rumber of alilated beazenesin
giseous form. Trichloromethane (sample 1)
and ds-1,2-dicHorethene (sample 5) were
2sa found. It s recommended that
measurerments be talen of alr quality above
pitches to determing whether the alr quatity
15 satisfactary.”

Rhades, EF} Ren, ; Mays, DC, (2012). Znc Leaching From Tire Crumb Rubber,

"zesults ndicate that 2'nc keaching from tire crumb rubber Increases with smaller crumb rubber and longer
exposura time."

Rufiine, B; Fiore, §; Zanatt, MC, (2013} Envirenmentsl Ssnitary Risk Analysls
Procedure Applied to Artificlal Turf Sperts Figlds, Ervlron Scl Poliut Res,
20:4580-4592. DOI 10.1007/511356-012-1380-2

“For ll the Fie'ds and for 21l the routes, the cumulative cardnogen’e rls'c proved toba lower than 10-6 and
the cumulative nencarcinogente risk lower than 1, The outdoor Inhalstion of

Inkalation of atmespheric dusts and gases from vehlcu'ar raffie gave risk valuas of one order of magritude
higher than these du to playlng soccer oa 2n artifical fie'd.”

dusts and gases was the mala route of exposure for both carcinogenk and ren-cardnogeric substances.._the

Expasure pathways considered: "direct
dermal contzct [DOC)), dermal contast with
the relnwater soaking the Infil {ra'n water
contzct (RWC)) and Irha'ation of dusts and
gates fromthe felds [dustand gas Inhalaten
(06"

Savary, B; Vincent, R. (2011). Used Tire Recyding to Produce Grasulates:
Evaluation of Occupational Expasure to Chemical Agents. Ann Octup Hygen.
55{8)-931-936.

“Expasure was ass2ssed In four faciitles where used Ures ere turned Into rubber granulztes..Tha resulis of
this study Indicate signficant exposure to compled mirtures of rubbar dust” "exposure levels measured In
these four facites were Batween 0,35 2nd 41,00 mg/m®; the amblant concentrations were between 047
end 6.23 mg/m’." "VOC levels >3 ppm. were rot detected

Schillrd, T; Veaversl, D; Degan, R; Pighata, C; Alessandria, L Scoxls, 0j Bero R;
G, G. [2013). Artificial Turf Football Felds: Environmental and Mutagenlcity
Assessment. Arch Envicon Contam Toxlcol, 64{1):1-11,

“On the bas's of envirenmental menitering, artificial turf football fields present no more exposure risks than
the rest of the gty

Salbes, M; Yitmaz, O;, Khan, AA; Karasfl, T, (2015). Leaching of DOC, DN 2nd
Inarganie Constituents frem Serap Tires, Chemasphere, 139:617-23.

present faside the tires, Although the totel amounts that leached varied, the observed leaching rates were
siilar For ail tire ehlp sfzes aad lachlng solutions.”

Serentis,TJ; McNitt, AS; Petrunak, DM. (2011) Human Healthlssuis on
Synthetic Turfin the USA, Proceedings of the lastitute of Mechanieal
Engineers, Part P, Journa] of Sports Ergineering ard Technology, 225(3): 135-
146.

*_a constant rate of leaching was obsarved for lron and mangarese, which are atiributed to the metal wires

*5, sureus colonles were not found to be present on any field; however,
5. aureus celonles ware found on other tested surfaces, Including blockdrg pads, used
towels, 2nd welight equipment.”

“Indest fields tended to have lower overdll
microbial poptaticns [0-7267CFU/g of Irfif))
thaa outdoor felds (0-80 000CFU /) (Teble
2). Whia its clear that microbes exfst en
synthetic turf surfaces, the number was lew
compared with these en ratural turf grass.”

shalat, SL, (2011}, An Evaluation of Patential Exposures toLead and Other
Metals as tha Result of Asrosolied Particulate Matter from Artifidal Turl
Playlng Fizlds, Submitted to the Naw Jersey Department of Emirenmantsl

Protection. itp:fiwaw.nl govfdepldsr foutticationsfartifida-turfrepart pdf,

on a Field with PIPER wipes of 1033 pg/fra. This 2 level approaches appredmately haif of the USEPA,

from this samp'e that if tha lead s presert o any apprecizble extent In tha wipes It wil [kely be presentn

tha bresthing 2604 of players who are active o these felds, and that furtharmore, these levels potantialy

eucead amblant EPA standards, Given that these are only oceasionsl exposures this tends to reduce tha risk
of adverse healh effects.”

Sheehan, Pl; Warmerdam, JM; Ogle, §; Humphrey, D; Patenaude, 5. (2005).
Evaluating the Risk to Aquatic Ecosystemns Posed by Leachate from Tire Shred
Fill In Rozds Using Toxldity Tests, Toxdaity Identification Evaluatians, and

415,

Greundwater Modeling. Environmental Todeclogy and Chemlstey, 25(2): 400-

“Tha highest cbserved a'r level was observed on the PIPER [robotic] sample collected on Fleld 1-71.9 nz/m3

HAAQS of 150 rg/m3." "._tha results suggest that there Is a potentiel for Inhalable lead to be presant ca turf
Fieds that have sigrificeat amounts of lead present as detectable by surface wipes. [ta'so would appaer Fiely

"Elevated levels of lron, mangznese, and several other chamicals were found [n Ure shred leachates.
However, chrosic toxlcty tests with Ceriodaphnla dubla and fathead minnows (Pimephales prome'zs)
showed o adverse effects caused by leachates collected from tire shreds [aste¥ed above the water Labla,
Exposute to leachates collected from tire shreds Installed below the waler tabla rasuted in sgrificant
reductizns 10 beth survival and reproduction Iy C dubla. The TIE results dicated that esposure to soluble
metals (ely ferrcus fren primarily) and the formatien of lron hydrodde predptates on this Invertebrate
specias Hkely were the causes of the observed effects,”

Simcax, Ni; Bracker, &; Glnsbarg, G; Toal, B; Gol ewsk, B; Kurland, T;
Hedman, C. [2011). Synthatic Turf Field Investigation In Connecticut ) Taxleo!
Eriviron Health A.74[17):113349.

“Results showad that parsanal concentrations were highar than sfatfonzry concantrations and wera higher
o turf than In background samples for certaln VOC. In somme cases, personz] VOC cententrations from
natural grass Fie'ds were as kigh s thosz on turf, Haphtha'ens, BT, 2nd butylated hydroxyicluens (BHT)
were detected In greater concentration et the ndoor Field compared to the cutdoor fields, Nitroszmine alr
levels were balow reporting levels. PM10 2lr concentrations were not different Between on-field and vpwin
lecations, All bu'k bead [Pb) samples were below the public haalth target of 400 ppm.®

“Mora researchisneeded to batter understan

Sulitvan, JP. {2006). Aa Assessment of Environmental Toxicty and Poteatial
Contamination frem Artifictal Turf uslng Shredded o Crumb Rubber Ardes
Consuiting: Weodiand, CA, p. 1-43.

*Thz Impacts on human hiea'th of crumb rubber used fn artfichl turf are not known at ths time. However,
there Is some evidence that tra rubber can be harmbul either from direct contact of from associated dust.

Tha mest comman detrimental hea'th effect resuiting from direct expasure to tre rubker Is allergie of toxde
darmatids, Iahziation of comperents of tire rubber o dust partidas from tre rubber can be Irritating to the
respiratery system 2nd can eracerbate asthma, It s not dear whethar dermal or Inhalation exposure to tire

I pacts en tha environmant of sing crumb rubber In artifidal turf also ara net known at the prasent
tma_Zine Is tha predsminznt texleant to plants... The aquatic taxlety Issuz Is not very dear cut”

rubbar can l2ad to sufficient zbsorption of chemicas to cause mutagenie of carcnegenic effects. The degrez
of direct cortact batween the rusber used In artificial turf Is not well enough krown at this time to determing
whether tha level of the potantial for harm to humans playing on ertificial turf contalnirg crumb nubber, The

Goed backgreand Information on uses of
scrap tires ard regulations governing thelr
disposal.

"The 2ctual ernaunt ef contamination
feaching from artificial burf used on
playgreunds of athletic fields reeds further
research to cetermine the potential harmto
human health or the environment”

Torsten Kaliavist. (2005). Environmental Risk Assessment of Arvficial Turf
Systems. Repart $111-2005. Korweglan lnstitute for Water Restarch. Oslo,

fepdt,

httpyfwww fsss.defeanferences/Dresden%202008/Techn'cal/NVAR 20E ngels

“Tha risk sssessmant shows that the concentration of tin¢ poses a sigaificant local risk of envirenmantal
effects In surfaca water which recelves run-off from artificial turf pieches, In addition, Itls predicted that
concentrations of a'ylphenols and eetylphencl ln particutar excaad the Fits for environmantal effects [nthe
scanario which was used (diuton of rur-off by a factor of tenln 3 reciplant). The Teaching of chamicals from
the rrateriz's |n the artifielal turf system s expected to decreasa only slowly, so that envronmental effects

could coour ever many years. The total quantities of pollution companants which sra leached cutInto water
feom a roral artificial turf piich are however relatively small, so that enly loczl effects can be anticipated
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|Van Reol, IGM; Jongensaten, F), (2010} Hydeprypreene I Urnz of Fogtbal
Flayers Afer Playing on Artificdal Sports Flekds with Tire Crumb Infil, Int Arch
Occup Environ Health. 83{1):105-10,

Onfy 1 of the 7 prtidpents showed anlrerease b post-exp urlng con pre-axposure
concentrations, "THs study provides evidence that uplake of PAH by football players acthve on artidal
grounds with nvbber crum’ Infal Is rlimal, 1f there s any exgosure, than tha uptaie Is very Fmited and
within the range of uptake of PAH from envirenmental sources and/or Giet”

Va Ulirsch, G; Gleason, Ky Gersterbergar, 5; Moffatt, DB; Puliam, G; Ahmed,
T; Faglana, & (2010). Evalvating and RegulatingLead In $ynthetie Tur.
Ervdronmental Health Perspeethves, 118{10k1345-9.

"Data coliected from recreational fields 2nd chitd care centers Indicate fead ln synthatic tuef fers and dustay
concentrations exceeding the Consumer Product Safely Imprevement Act of 2008 statutory lead Iimt of 300
kg for consurner products Intended for use by children, and the US, Endrennments] Protection Agency's
\ezd-dust harard standard of 40 pg/ftz for Roers..Syathetis turf ean deteriorate Lo form dust containing lead
atlevels that reay pose 8 sk to children.”

Verschaor, A, [2007). Leachlng of 2int frem Rubber (61 In Articial Turd
[fastball pleches), RIVM Repart €01774041 Bitheven,
hitpy fovariv.parks shgev.orglwem, \_recpark/SPTFNerschooe.pdf,

+_ylna lszches to tha soll, groundwater and surface vater. Emfrenmantal quality standards fer eneln
sutface wates and groundwater are exceeded_Tha stedy showed that the predicled eencentratons of tiscin
503, under typical Dutch drafnage conditiens, also exceeds erdronments! quality standards.The cisks of 2ine
to public healthare of po condern: the human todldty ol dlecls low and WHO drinking water critera are rot

exceeded y experiments and 1s of field samgles of the rbber InRd show that the
ur.lsslenofa:n:Inmzmm;tlme,duelodx:mkaludphjﬁﬁlmmudhmbbupuade.'

The authers make the following
recommendations:

“Mechanisms of behavicur and egeing of
[different typas of) rubber should be
Investigated to oblaln a better understanding
of the risis of tinc and othar compontnts
leaching from rubber.dt Is recommended
that measurements are first tekenln
dralnage water from exsting artifictal turf
with rubber Infill of diffecicg age and qaldy
sampling at several time Intervals In dffarent
seasons bs preferred_Bloassayls
racormmended Lo astss the tadcty of the

dralnaga water..A mixl artifichal turf fald
[txixt m) canbe bultand exposed to
cutdoor weathar conditions Ina
Iystmeter.mere edvanced models can ba
used for a refined riskassessaant”

Vetrano, KM RRtter, G. (2003). Alr QuiRty Survey of Synthetic Turl Flelds
Containlng Crumb Rubber Infil, Prepared by TRC for the New York Gty
riment of Mental Health aad Hyglene, New York, NY.
http:ffweww.nye.gov/mimlfdeh/donnioads/pdlfeode/turl_ags_repartoitt.od
I

*Of the 18 SVOCs (17 PAHs end banzothiazels), 63VOCs 20d 10 metits tested, a tokal of elght VOCs and two
reetats were detected In the alr..” "Renges of PM2S a'r concentrations from both turf fields were within
bckground levels, Results from ong of the bulk eumb rubbar samples Identified an elevated lead level In
the synthetic turf Fald at Thoosas Jeferson Park” *akhough VOCs were detected In the glr, there was Ide
sddence of harmiul levels at the two sampled synthetic turl Relds, Also, there was na conslstant pallem to
Indleate that detected VOCs were assodated with the synthetic turf, Similar concentrations were found In the
background samples from tha comparison grass fieid and vpwind locations™

*An analysls of the el In the breathing 2002s
of children abave synthetic turf Felds did rot
shew apprecible levels from COFCs
contalned ln tha crumb rubber, Tharefore, 3
sk asseisment relaled to 2etal expravre to
chiidren was not wamranted from the
Inhalation route of expoture.”

The focus of this study was alr sampling. bt
they 2iso &id constituent characteritation of
bulk samples (not Induded In constiuents
1ab); lead erd aif were abave so dearup
objectives for restricted residential leaduse,

Virginta Department of Health (voH), (z015). Memoto Glorl Addo-Ryensy,
Falrax County Realth Dept, from Dwight Femmls, Virginfa Department of
Health, September 28, 2015,

“Thankyou for contacting the Virgala Department of Health {VOH) Dhiston of Emvirenmental Egldemislogy
with yout requesttoredew the sazropriatansss erd Figer of mathedelogies used h artfical turl Field related
research reports your office submitted May 8, 2015, VDH has fnlshed reviewing these decumants and
condudes thatthe mathodelogles were appropriate for astessing chamlca's bn erumb rubber and In the
environment where crurd rubbar s used”

"Repocts that previde sampling mathedelogy
done exdusively In a centrelled iboratory
setting may nat necessarlly represent s “real
world expofure” to themicals In crumd
rubber, However, liberatory analpsls
preddes an eiternative to ldentitylng
chemicals (by employing streng extraction
technlques and corcentrating cherricali te
detectable concentration before analysis) ln
crumb rubber that might be presentIn kow
concentrations In the emvironment”

Zebher, ) L {1591} The RMATCLP Assessment Preject: Leachata frem Tire
Samples, Scrap Tire Management Ceundll, 3591,

"Tha pesults of tha study Indleated that none of tha tire and other rubber preductstesied, cured end
urcured, excacded proposed TCLP Regulatery Levels or US EPA Drinidng Water Standards. Most compounds
detected were found 2t trace levels (rear methed datection Iimits) fremteato one hundred times less than
propesed TCLP regulatory limks.®

*. Jtis recommanded thata fleld study ke
prepared In conjunction with key states
[Ohls, Erels, Pennsylrants, Californ’s, Texs,
New York, New Jersey, Northand Seuth
Caraling, Florlds, Georghy, emeng cthers) and
codtdinated by the Serap Tiee Managemert
CoundL™ Rs purpsse would ba to eddress
questions "cencerning the effect of leachate
lrom scrap thre preducts inthe
emvirenment.spedficatiyl, 1) Which
reguistory standirds are appropriste to
evaluate potentil edverse etfects onhumin
hetith 2ad eavirenment from compounds
leathad from scrap tire of rubbar products?;
2) Are there any realistic environmental
conditons/applications whare scrap tres
leach compounds that exceed regutatory
standerds? 3) Are compauads leached from
serap tire preducts In the environment under
specific applications? If so, what bs tha fatec!
those compounds ln the envirenment?; (end]
4) 1t there an adverse effest on groundwater,
surface water of wetands from the storage
or epplicalion of screp birerd”

Theng, J3Haa, I Thang, Ly Crela, W, (2003). Hatardows Chamleels ln Synthatic
Turf Materists 2nd Thele Bloaccessitlty In Digestive Fiulds. | Expa 5 Emviren
Epldemlol, 18(6):600-7,

The concluslors were: *{1) Aubber graaudes oRten, espedaliywhen the synthetic burf Rields were newer,
conlaingd PAHs ot levels above haakth-based sod standards. PAN levels generally szpear to decineasthe
feld 2ges...(2) PAHS contalned In rubber granles had low Blosceassbiity (Le, herdly dissolved) [n synthetic
digestive fuids taduding sahva, gastric fiuid, aad Inkestinal fiutd, {3) The 2inc conteats ware found to far
exceed the sl it (4) Lead conteats were bow.in 2ll the samples Inreference to sell standards, However,
tha lead In therubber granutes was highly

blasccersible I the synthetic gastric fuld, The snalys's of ona artifichl grass Fhar sampla showed 2 1%ghtly
wolriseme chomium content.and high bloaccessiie fractions of lead Inboth the synthetic guatde and
Intestingl fulds.”

Tdethar T 100N} Techaliat and ewi Tl
Caliniaad)

i s Eeabana Ll [Technal gl

L o ¥

fistrevieweed ot appleabis,

; =T 3 TzvreTY FYR RO TR
5 EpeAAH {2003 Eapes

2\ S shn iy 4 .

Faks ? 4

Tanik
CEHACAIANGI0-HE ot raviawed; nataaceatilicstudy eapen 6! sz

oal,

Celelro, M. ek oL, [2014) Ivestigation of PAH ard Other Huardeus
Contaminant Occurrenta I Retyded Tyre Rubber Sursces: Case Sudys
Restaurant Playgreund In anlndesr Shappleg Cenlre, Intaraatieaal Journal of
Endeonmantal | Chemistry. 94(12): 12641271,

Tin this casestedy, fourteen cutof the sideea EPA priodity PAHS were entfied pnd quentified fnthe
Ivestigated recycled tyre rubber playground surfaces, Tha 2nalytical easurerments also
confirmed Uhe prasence of other hirmiM sempevnds Inclading phihalates, edlzates, ertlogdants ard

bentothlatels among others, In some cases at high concentrateon levels [DERP> 3000 1a g-4)"
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Third o Al Furb s Fos it et Blavle a Surtasar bt 2

Paviow of maay ol tha papers thatace atready reviswed
here, Also lachades Informatien frem Aokl 2008; 12 teferentadl

Dorsey, M J; Anderaon, A Ardo, O; Chou, M; Fartow, E; Glassman, EL; Manley,
M; Melsrer, H; Meyers, C; Morley, N; Reminger, K; Sana, M Stiefocld, M;
Stites, B; Tash, M; Webar, E; Counls, P. (2015). Mutagentc Potential of
Artificial Athletle Field Crumb Rubber atincreased Temperatures. The Ohla
Jeurnal of Sdence. 115{2).

*Thasa results suggest that at tha highar temperatures such as thase oa artificial athletic field surfaces, the
crumb rubber Infll on these 2rtificizl athletic fields can become tha source of a water solutlz ageat with
metagenle potentlal Iy bacteria.”

“Riskassessmant studies are reeded to
consider the healthimpictof repeated
exposure to erumb rubber at the conditions

relevant to atificial athletic fie'ds.”

[P {2 13) Syathatie playing suets ~dgthicte hosih dewrrabel

e Resdemy Lo
sddiees Inparles ta wiklates,

215E253202— histisiubis it

Groznavelt, P, H. and P, E. Gruathal (1933). Utilsation of Crumb Rubberasa
Soll Amendment for Sparts Turl, Soll and Tilsge Research, 47(1-2):169-172.

"ho elevated levels of VOC's or BNA'S were detected In the leachate cofiscted. Sightly elevated
Jevels of boron, sodium and Ting, leackied from 2cidic sandy lozm soll emanded with 30% rubber cremb,

these chsarved for coatrel plats. Rubber also significantly Increzsed the concentration of t'ric Inturfgrass
cipplags. However, elevated concentrations were not suficient ta producs tine toxlity In furfgrass.”

Coscentrations of these elements from sl mixed with rubber eumb 2nd lime, however, d'd rot differ from

Jehns, DM; Goodan, T, [2003), Evaluatian of Potential Envirenmentsl Risks
Asscciated with Instaling Synthete Tud Flelds on Balnbridge sland. Seatte,
Washington; Windwaed Environmental LG

at such low concentrations that authors eansidered them ta be of e envicanmental relevance. The most
consistent chemical to be dztected In leackate tests Is the matal ¥nc® "Toxlcity tests on storm water

and animals, Incduding
algae, bactania, crustacesns, and fish.*

The availabla iterstora demenstrates that serms cherlca's can leach from tre crumb when it s exposed to
water, Whis scrme studies repart the presence of organic chamicals inleachate, the chemlca's were detected

caliected from lnstalled fields, or In laboratory tests using smulated pracipitation events, Iadicate that water
the percelates through turf Felds with tre trumb ks ot taxic In tests that cover a wide rarge claguaticplants

This paper reviews many of the papars sted
in this spreadsheet, focusing on lezching of
chemica’s In stermwater of reinwater and its
patentizl emirenmantal effects, I8 does not
report on any 2dditionsl original research,
See related references.

¥, HH; Urn, YW; Kim, $0; Yeo, IT; Shin, DC; Jang, JY. (2012b). Heakth Risk
Rssessmaat for Artifictal Turl Playgeounds in Schocl Athletic Facilives: Multie
route Exposure Estimation for Usa Patterns. As'an Journzl of Aumespherie
Ervronment €3): 206221,

*On the basis of the knowledge that s currently matisble
concerning health effects and exposure linked to

the use of artifczl turf playgrounds, we id act Find

a direct hes'thrisk for users, except for chidrenwith
lea.”

Mota, H; Gomes, J; Satmento, G. {2003). Cotted rubtergranulates ebtalned
from used tyres for use I sport faciities: A toxleological assessment. Cigncia
& Tecnolog'a dos Materials. 21(3-4):26-30.

the irmit va'ues Imposed by DIN 18035-7 for all ratals at 48 h leachlng. For R2 coated rubber granlate the

0.05 rmg/Lboth caatings, R1 2nd R2, show a lower tox'city when compzred with the non-coated rubber
gravufates”

“PAH lezching Is regigencable_heavy matas contentin the acidic water leachates considerably lowes than

nly exceptions for tin, where the obtalned valze of 0,38 ma/L at 48 h leaching surpasses the it valuzof

- |van Bruggen, M. (2007). Kitrasamines Relzased from Rubbar Crumb. RIVM

siman, R (2010). Review of the Impacts of Crumb Rubbier ln Artificls] Turf
Applications. Undierstty of Californla, Berkeley, Laboratory for Manufacturing
and Susta’nability, prepared for The Corporation for Masufacturing Excellance
(Manex).

“A review of existing Merature points to the refatve safely of crumb rubber £l playground and
sthatic Field surfaces, Gerardlly, these surfaces, though contalnlng rumerous elements
potentially tox'e to humans, do rot provide the cpportunity I erdinary circustances for
expasure at levels that are actualy dangereus. Numerous studies have been carrled oLt on this
raaterial end have addressed numerous dfferent aspects of the ksue. For the mest part, the
shuctes have vindicated dafenders of crumb rubber, Identiying Itas a safe, cost-effective, and
responsible use for tire rubber.”

This paper was 2 review of variols other
papers [nchuded In th's spreadsheat. See
Related References. ILdid net provide any
Infermation ea original experiments,

AoM, T, (2003} Leaching of Heavy Metals from Infils en Artificial Turf by using
Acid Solutions, Footbal Sclence. 5:51-53.

*Tra concentrations of Zn detreased with the aging of the SBA Infils, and In the case of agirg tima greater
than 1.25 yzars, the concentrations of Znwere less than the effuantstandard I Japan.t

“Tha conteatrations of lzaching heawy meta's Increased with 2n Increase In the eddity of the acid sclutions.”

Franth x r e for et Bt et Rl 2007 Envi n
FITPREN s ofihas hes s A Frem e
Trreshas g la Tred Geasratiahtiieial Furl S3rme 34 Morelto alal 2007, f2a

Stedy 52
Fouid o RIS A G Gt Rebhar Salety Siudy

AL 2 Suenmary enhy; no Iafermation en tha types and sovice of

mateilalaitedisd,

ChamRisk, Inc. (2003). State of Knewledge Report for Tire Materls's and Tire
Wear Partides.

“The current state of knewledga Indicates that there are data gaps which sigrificantly imit 2 scfentifically
robust a=alysis of the potential ervironreantal health risks asscdzted with the selected tire materials and
W, Thus 2dditional data collection has beenrecommended.”

"itwzs conchuded that the mostsignificant
data gaps are: 1) lack ef understanding of the
chemlcal composition ef TWP, 2) lack of
urderstanding of the levels of TWP In the
enmvironment [2ir, sod, ard sedimeants) and
the'r potential associated health risks; 2nd 3)
lack of undertanding of the patentizl for
TWP toleach chemica’s Intothe
environment” "As such s it recormmendad
that the following research ke corducted to
aliow for envireamental hea'th risk
assessment ¢f TWP: chemical compositien
znalys's of TWP g ted under
representative driving conditiens; 2cute
aguatic toxdaty studies of TW?;
charecterzation of TWP leachate under
simulated envirormentatfolelogical
condivons; developrment of chamlcal marker
for TWP In enviconmantal medis; and,
measurement of TWF In eir, 56, water end
sediment to determing representative

turd In Terento, April 2015, City of Toronte.

httgs:ffwearwd torosto.ca/City$ 20074 20Torento/Toronta¥ 20Public} 20H et
hfHealthy%20Publich 0PcE oy fBuil ik 208 nironment/Fites/pdIM/HIA_on_Ari
fictal_Turf_Summary_Report_Final_2015-04-01.53(

exposura concentrations,”
“Availabe evidence Indicates that under erdinary Creumstances, 2dverse hea'th effects among 2dwits and | Theve are “stil some lnformation gaps: the
Tororka Public Heakh {2015). Health Impact assessment of the use ef artificlal | chitdren ara urlikely tocecur asa resuitof exposure to artfical turfinflled with crumb rubber i beth lergenic patential of lztex in crumb rubber

provided iths properly Inslellad and matatalned and users fellow gaad hyglendc practices (for example

the infil material)”

cutdosr and indoor settings” *Based upon @ review of tha avalatle evidence, third generation artifical turt
Is ot expacted to result In expasure to teric substances 2t levels that pose a significart risk to human hes'th

washing hands, avelding esting on artificlal burf and supendsion of yourg chitdrento ensure they do not eat

has not been thorcughty Ivestigated;
exposute tolead, other metals, carbon
nanotubes, as we'l s other contaminants
hava rot baea flly evalusted lnall typas of
turf systemns®

report 605300002/2007,

"RIVM undertock a number of measurements sbove several pliches, at two different levels sbove the
surface. None of these measurements shawed the presence of nitroszmines i the atmasphere 2bove tha

052 a health hazard to the users of these artificial pitches.”

Holstra, U, (2007b). Follew-up Study of the Environmantsl Aspects of Rubber
Infill: 2 Lab Study (serforming weathering tests) and a Field Study Rutter
Crumb fram Car Tyres 5 1nFd ¢n Artificdal Turl, Repert prepared for tha Tyre
and Erviconment Assodation 2ad Tyre and Wheel Trads Asseclation.

pitch, Supplarrentary liboratory tests e the materas showed that nitreszmines canonly be released from
rubber crurmh to 2 vary Fimited eatent. Further to these findings, RivM conchuded thatnitresarrlaes do not

to 15 y2ars) does ot cause the leeching of v'ne from the rubber crumb made
from recycied car tyres 1o exceed the threshold vatues for dissolved 2inc In surface water or the derived
Ihreshiold valus from the Decree on Soll Quality for the errission of zinc Into the soll”

“The Imp2ct of weathering of tha rubker erumd for the techrlal Ifetime of an artifical turf feld {eppron. 10

Study conducted by Hofstra for the Tyre 2nd
Ermiironment Assoclation end Tyte 2nd Whae!
Trads Asseciation
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l. Executive Summary

Concerns have been raised by the public about the safety of recycled tire crumb rubber used in
synthetic turf fields and playgrounds in the United States. Recycled tire materials used for
synthetic turf infill and playground surface applications may lead to human exposures to
chemical constituents in tire material. Human exposures to tire crumb rubber vary with time and
activity associated with use of synthetic fields and playgrounds. Limited studies have not shown
an elevated health risk from playing on fields with tire crumb, but the existing studies have not
comprehensively evaluated the concerns about health risks from exposure to tire crumb rubber
and important data gaps exist (U.S. EPA, 2016).

Because of the need for additional information, the U.S. Environmental Protection Agency
(EPA), the Centers for Disease Control and Prevention/Agency for Toxic Substances and
Disease Registry (ATSDR), and the U.S. Consumer Product Safety Commission (CPSC)
launched a multi-agency action plan to study key environmental human health questions. The
Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields and Playgrounds
(referred to hereafter as the Federal Research Action Plan) includes numerous activities,
including research studies (U.S. EPA, 2016). The Federal Research Action Plan includes
numerous activities related to the design and implementation of a tire crumb research study. An
important component of the Action Plan is to identify key knowledge gaps to inform the conduct
of other elements of the Federal Research Action Plan.

To comprehensively understand the current state-of-the science and data gaps associated with the
toxicity of and human exposure to constituents in tire crumb rubber, CDC/ATSDR, EPA and
CPSC undertook a collaborative effort to review the scientific literature and analyze data gaps
(See Appendix B). The first objective of the Literature Review/Gaps Analysis (LRGA)
collaboration was to identify the existing body of literature related specifically to human
exposure to tire crumb rubber through the use of synthetic turf athletic fields and playgrounds.
The second objective was to characterize and summarize the relevant data from the scientific
literature. The final objective was to review the summary information and identify data gaps to
build on the current understanding of the state-of-the-science and inform the development of
specific research efforts that would be most impactful in the near-term.

Federal researchers examined a wide variety of information sources to build a list of relevant
citations. The LRGA focused on scientific publications that addressed tire crumb rubber use,
physical characteristics and chemical composition, potential pathways of exposures,
bioavailability, and component toxicity and risk assessment. It included studies that examined
occupational exposures at tire recycling plants, human exposures related to field and playground
installations, and subsequent exposures involved with use of synthetic turf and playground
facilities. It did not include studies on automotive tire manufacturing processes and related
exposures and risks. In determining whether or not to include a publication found in the course
of the literature search, a set of relevance criteria was developed. A Quality Assurance Project
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Plan was also developed to guide data collection, organization and analysis. A number of other
steps were taken to ensure quality in data entry and analysis,

The LRGA identified 88 relevant references. Each reference that was reviewed was categorized
according to 20 general information categories (e.g., study topic, geographic location, sample
type, conditions, populations studied) and more than 100 sub-categories (e.g., study topic sub-
categories: site characterization, production process, leaching, off-gassing, microbjal analysis,
and human risk). As part of the effort, greater than 350 discrete chemical compounds also were
identified in the literature collected for this effort and a list of potential chemical constituents
was compiled to inform further research efforts.

The studies that were identified covered a wide range of topics and locations, but some topic
areas received greater coverage than others, For example, information on chemical leaching and
offgassing and volatilizing from tire crumb rubber was found in 36 and 25 studies, respectively,
but less information was available on microbiological, bioavailability, and biomonitoring aspects
of tire crumb rubber exposures (i.e., seven, five, and three studies, respectively). No
epidemiological studies were identified in the literature search, Data gaps could be more
pronounced for locations such as playgrounds and indoor fields, and for studies that examine
environmental background levels of tire crumb rubber constituents. Studies on occupational
exposures from turf and playground installations were also limited. Metal constituents of tire
crumb rubber, such as lead and zine, have been frequently identified in the literature as a
constituents of concern, but research on exposures to these metals by field and playground users
is limited. While a number of volatile and semivolatile organic chemicals (especially polycyclic
aromatic hydrocarbons) have been measured in some studies, research on other organic chemical
constituents identified by the LRGA is more limited.

Other important data gaps include the lack of more in-depth characterizing of dermal and
ingestion exposure pathways, identifying constituents and scenarios resulting in the highest
exposures, developing and applying biomonitoring for constituents of concern, and assessing the
feasibility and approaches for epidemiological investigations. Several important data gaps for

assessing exposures and risks of tire crumb rubber at synthetic fields and playgrounds are
summarized in Table B-1.

The LRGA does not include critical reviews of the strengths and weaknesses of each study but
does provide the author’s conclusions regarding their research, where applicable. The LRGA
does not make any conclusions or recommendations regarding the safety of the use of recycled
tire crumb rubber in synthetic turf fields and playgrounds. The review provides information
useful for guiding and designing future research efforts needed to further address questions
regarding exposures and risks for tire crumb rubber used in synthetic turf fields and playgrounds,
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Table B-1. Data Gaps for Research on Tire Crumb Rubber in Synthetic Fields and Playgrounds

Research Area

Data Gaps

Tire Crumb Rubber Characterization

Chemical
Characterization

Studies that have measured metal, volatile organic chemicals (VOCs), and semi-volatile
organic chemicals (SVOCs) (c.g., polycyclic aromatic hydrocarbons [PAHS] and
benzothiazole) were usually based on small numbers of tire crumb rubber samples. The
wide range of organic chemicals potentially used in tire manufacture, or their degradates,
have not been analyzed systematically across a large range of tire crumb rubber samples
from synthetic fields and playgrounds in the United States.

Limited information is available on chemical constituents in molded rubber products
made with tirc crumb rubber used in some playground scttings,

Emissions
Assessments

Few laboratory-bascd studies have investigated VOC and SVOC emissions from
synthetic fields and playgrounds under different temperature conditions. Measurements
using dynamic emission chamber measurements have been reported, but the number and
types of measured chemical emissions have been limited.

Microbial
Assessments

Microbiological assessments for synthetic turf fields and playgrounds have been limited
and have been based on traditional culture methods. The use of molecular methods has
not been applied in studies of tire crumb rubber.

Bioaccessibility

Several studies have examined potential bioaccessibility of metals and PAHs. However,
studies that systematically measure a wider range of metal and organic chemical
constituents, using multiple simulated biological fluids, and across a large range of tire
crumb rubber samples are lacking.

Variability

Most studies characterizing tire crumb rubber from synthetic ficlds and playgrounds in
the United States have been relatively small, and restricted to a few fields or
playgrounds. Measurements for samples collected from a wider range of tire recycling
plants, synthetic fields, and playgrounds across the United States is lacking. Also,
information is limited on the range of chemical, microbiological, and physical
characteristics and factors related to variability in tire crumb rubber and potential
CXPOSures.
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Table B-1 (continued).

Data Gaps for Research on Tire Crumb Rubber in Synthetic Fields and

Playgrounds
el Ol = o ——
Research Area Data Gaps
Exposure Factors BExposure and risk assessments have typically relicd on generic exposure factors.
Information specific to the frequency and duration of synthetic field and
playground uses, physical activities, contact rates, and hygiene are limited,
Exposure factor data are not available cither across the wide variety of sports and
tecreational users of synthetic turf fields and playgrounds with tire crumb tubber,
or for occupational exposures, _
Dermal/Ingestion While multiple studies have attempted to characterize potential inhalation
Exposures CXposures to tire crumb rubber chemical constituents, more limited information is
) available for understanding dermal and ingestion exposures.
Broken Skin/Ocular Little information is available on the potential for increased exposures via broken
Exposures skin (i.c., due to cuts and serapes) and through ocular fluids,
g | Particle There is limited information on @xposure to tire cramb particles and their
:g Exposures constituents through inhalation, dermal, and ingestion. Information on the
xposure potential as synthetic fields and playgrounds age and weather, and for
q various uses and activities on synthetic fields and playgrounds is limited,
Variability Few studies have evaluated the variability of exposures to tire crumb rubber
constituents by activity type eXposure scenario, age, material type and condition,
facility type and condition, and ambient conditions such as temperature and wind
Q or ventilation, Limited information i available on the variability of exposures and
il related factors across a wide range of user groups and scenarios,
. A few studies suggest that inhalation exposures at indoor facilities are higher
compared to those at outdoor facilities, but the available information ig limited.
Biomonitoring Only a few biomonitoring studies have been performed. Only hydroxypyrene has

Expo

been measured as a biomarker in athletes and workers,

Additional tire rubber-specific biomarker measurements have not been reported for
synthetic field and playground users and biomarker analysis methods might be
lacking for some chemicals,

Large scale biomonitoring studies of populations exposed and not-exposed to

synthetic turf fields and playgrounds with tire crumb rubber have not been
reported, :

anulative/Aggregate
Assessments

Exposures to multiple tire crumb constituents are likely to occur via multiple
pathways (c.g., inhalation, ingestion, and dermal contact). However, studies that
cvaluated cumulative and -Aggregate exposure and risks are limited,

Epidemiology Studies

No epidemiological investigations for synthetic turf field or playground users were
identified in the literature review,

Survey and biomonitoring tools for accurate assessment of relative exposures for

Alternative Most research to date has focused on characterizing tire crumb rubber infill
0 9 Infills/Materials Similar research on other infill materials, including natural materials, ethylene
2 propylenc diene monomer (EPDM), thermoplastic elastomers (TPE), and recycled
g shoe rubber are either lacking or limited,
@ | Natural Grass Fields Few studies have been performed to assess potential chemical exposures from
< § natural grass playing fields.
i Other Exposure Only a fow comparative assessments have been performed on relative exposures to
Sources chemicals associated with tire crumb rubber from other sources,
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IX.  Appendices

Appendix A - CDC Review of Published Literature and Select Federal Studies on

Crumb Rubber and Synthetic Turf

Review of Published Literature and Select Federal Studies on Crumb Rubber and

Synthetic Turf

Product Sampling and Chemical Composition Studies

1.

Synthetic Turf Field Investigation in Connecticut

N. Simeox, A, Bracker, G, Ginsberg, B. Toal, B. Golembi ewski, T. Kurland, C. Hedman; Journal of Toxicology and Envirommnental
Health, Part A; 2011,

The purpose of the study is to characterize concentrations of VOCs, SVOCs, rubber-related chemicals, and PM10 in ambient air at
selected fields with crumb rubber infill in Connecticut during summertime conditions and during active field use.

Methods:
¢ During July 2009, three types of fields were sampled:
o Outdoor field with crumb rubber infill
o Indoor facility with crumb rubber infill
o Outdoor field with grass turf as background location
*  Airsamples collected at older fields (>3 years) and at new fields (< 2 years).
¢ Personal air sampling during simulated soccer game:
o VOCs
SYOCs
Benzothiazole (BZT)
2-mercaptobenzothiazole
4-tert-octylphenol
Butylated hydroxyanisole
Butylated hydroxytoluene (BHT)
Nitrosamines
PM10

O 00 0 0 0 0 0

Study results and/or conclusions:

*  For turf fiber and crumb rubber infill, lead levels were below the EPA "soil-lead hazard" limit and below the 300ppm target set
by Consumer Product Safety Act for products to be used by children.

*  Of60 VOCs, 31 were detected on field.

*  Personal air monitoring concentrations were higher on artificial turf than on grass for 21 VOCs,

*  Stationary samples on the outdoor fields were similar to background.

* Total VOCs were higher indoors than outdoors, however, only a few VOCs were elevated indoors
compared to background.

*  Benzo(a)pyrene was higher at the outdoor field than background (range ND-0.19 versus ND-0.05).

*  For the indoor field, 1-methylnapthalene, 2-methylnapthalene, fluorene, napthalene, and pyrene were 10-fold higher than
background,

*  There were several other PAHs found only on the indoor turf, acenapthene, acenaphthylene, fluorene, napthalene, and 2,6-
dimethylnapthalene.

¢ BZTand BHT were higher on the indoor field than outdoor field (BZT range 1 1,000-14,000 ng/m* versus <80-1,200 ng/m’;
BHT range 1,240-3900 ng/m?* versus <80-130 ng/m®).

Study limitations;

*  Potential selection bias as field location participation was voluntary,

°  Sample size was small.

¢ Summer 2009 temperatures were lower than normal.

Personal sampling occurred at waist height, not in the breathing zone.

¢ Some VOCs were found in the personal samples, but not the turf or background indicated non-turf related sources,
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3.

Hazardous organic chemicals in rubber recyeled tire playgrounds and pavers
M. Llompart, L, Sanchez-Pardo, J. Lamas, C. Garcia-Jares, B, Roca; Chemosphere; 2013,

* 21 samples from 9 urban playgrounds

° 2 types of ground covers - floor tiles compositions and carpet covers

® 7 samples from a local store; 2 puzzle pavers and 5 recycled rubber tire tiles of difforent colors
¢ Ultrasound-assisted extraction fol lowed by pressurized solvent extraction

°  GC-MS for PAHS, plasticizers and other phthalates (31 compounds total)

®  Solid-phase microextraction (SPME) for vapour phase composition profiles

Study results and/or con usions:
®  Forplayground samples

o  Full GC-MS scan identified a large number of YOCs, 8VOCs, and POPs.

o  All samples contained PAHS with a range of 1.25 pg g-1 to 70.4ug g-1 total PAH amount with one sample having a
concentration of 178pg g-1 i

Pyrene was the most abundant congener found in all samples,
Napthalene, phenanthrene, fluoranthene, and chrysene were found in 20 or 21 samples,
i ging from 0.4pg g-1 to 5.0pgg-1.
Benzothiazole (BTZ) was found in all playground samples with a mean concentration of 10pg g-1.

2-mercaptobenzathiole (MBTZ) was found in playground samples, but there were methodological issues with the
analysis,
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0 4-tert-butylphenol (TBP) was present in half the playground samples at low concentrations,
o Butylated hydroxytoluene (BHT) was found in al] samples but butylated hydroxyanisole (BHA) was not found in the
samples.

0 Phthalates were found In all samples with the most abundant congener being dl(z-thylhexyljphthalate,
cencentrations ranging from 4 to 64 Hg g-1.

©  Diisononyl phthalate {DINP) was found In 8 of 21 playground samples but was n
o  Forthe SPME analysis, all PAHs found in the sam
DBP, DEHP, and BHT were found In all cases,

ot detected In commercial pavers,
ples were detected excluding the less volatile ones, BZT, DEP, DIBP,

®  For commercial pavers:
O Higher PAH concentrations compared to playground samples.

©  For5 of 7 samples, concentrations were extremely high - 2000,g g-1 to 8000pg g-1.

©  All PAHs were found in al| samples with a mean concentration of Bla)p = 500pg g-1.

o BZT was found In all commerclal pavers with concentrations ranglng from ~20 to >150 pg g-1.

©  MBTZ was not detected In commercial pavers.

©  TBP was present in al| pavers with concentrations ranging from 8.6 to 21ug g-1,

©  BHT was found In ail pavers with a mean concentration 18ug g-1.

©  Phthalate concentrations were higher In pavers than Playground samples, DEHP concentrations ranged from 22 to
1200pg g-1.

o

For the SPME analysis, volatile PAHs and some less volatile PAH
BZT, DEP, DIBP, DBP, DEHP, and BHT were found in all cases,
©  TBP was also found in most samples,

Research Is ongoing as a high number of compounds (excluding the ones in this study) were found In

Study Limitations:

¢ The study did not determine bloavallabllity of the chemicals after ingestion or upon dermal exposure,

o For the SPME analyss, inhalation exposure is Indicated as possible by the authors; however, laboratory vapor phase
composition does not mimic field conditions and thus potentia| exposure conditions,

s (Including B{a)P) were found In some samples,

° he samples.

Metals contalned and leached from rubber granulates used in synthetic turf areas
B. Bocca, G. Forte, F. Petrucci, S, Costantin), p, lzzo; Sclence of the Total Environment; 20009,

The purpose of the study was to

quantify metals contalned In and leached from different types of rubber granulates used in
synthetic turf.

Methaods:
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e 32 samples from 32 different playgrounds in Italy were collected with samplings performed at different positions in the
playground to obtain a representative sample for each area with 250g granulate obtained from 12 sectors.
e  50ggranulate from each of the 12 samples pooled to obtain 1 sample per playground.
o Each sample was analyzed for metal content.
o Al As, Ba, Be, Cd, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Mo, Ni, Pb, Rb, Sb, Se, Sn, Sr, TI, V, W, Zn
e The levels were compared to the maximum concentrations allowable for solils.

Study results and/or conclusions:

° The rubber granulates contained all the metals included in the analysis, but the concentration range was wide in the different
samples.

o Relatively high levels of Al, Fe, Mg, and Zn were found.

o Allsamples had metal concentrations significantly lower than the allowable limit, except Co, Sn, and Zn.

o 50% of samples exceeded the Co and Sn limit, while 97% of samples exceeded the limit for Zn with values around 100x higher
than the standard.

o The highest leaching was observed for Zn {2,300 pg/L).

o Verylow concentrations of As, Cd, CO, Cr, Cu, Li, Mo, Ni, Pb, Rb, Sb, and V were leached and Be, Hg, Se, Sn, Tl, and W were
under the LOQ,

Study Limitations:

e  Assessments of risk should be conducted for each individual case at a local level due to differences In local ground conditions,
type of drainage, and the composition of the filler material.

e The results were compared to the allowable limit for metals in soil which may not be an appropriate comparison.

Health Risk Assessment for Artificial Turf Playgrounds in School Athletic Facllities: Multi-route Exposure Estimation for Use
Patterns

H. Kim, Y. Lim, S. Kim, 1. Yeo, D. Shin, J. Yang; Environmental Health and Toxicology; 2012,

The purpose of the study was to identify major exposure routes and calculate total risk through a health risk assessment for
chemicals released from artificial turf playgrounds and urethane flooring tracks.

Methods:
50 schools with artificial turf and urethane flooring at the playgrounds; 27 elementary schools and 23 middle and high schools
Inhalation of VOCs and formaldehydes due to volatile outdoor air from surfaces of artificial turf and urethane flooring
Dermal uptake from surfaces of artificial turf and urethane flooring
Ingestion exposure to fine particles
Trace metals (Pb, Cr, NI, Cd, Zn, Hg)
o  Dust collected at 5L/min for 8 hours.
Urethane layer collected from flooring materials in schools.
Infill chip layer collected from chip flooring material in parks.
Product surface sampling was conducted using texwipe,
Hand surface sampling was performed using texwipe after children played on the facility.

e @ o © o

o 0 o C

o VOCs
Air samples collected at 0.2L/min at 1.5m for 2 hours
Infill chips (see Metals #2 and #3),
Alr samples collected
o Infill materials (see Metals #2 and #3; surface sampling and hand sampling not performed)
° Phthalates
o Infill materials (see Metals #2 and #3)
o  Surface sampling (see Metals #4)
0 Hand sampling (see Metals #5)
° Sampling was conducted at the top of the central playground so as to eliminate other potential emission sources.

© C O

Study results and/or conclusions:

° Infill content for heavy metals had highest concentration of Zn > Pb > Cr,

° Pb exceeded standard in infill from 8 of the schools and exceeded the domestic standard {10mg/kg) in 2 of the schools.

° For the air monitoring, Zn had the highest concentration; Pb was detected but levels were 10% of Korean ambient air
standards.

° Bioavallabllity values were estimated and for infill chips were shown to be 10-10,000 times lower than the measured content
level; for the urethane flooring, the bioavailability was estimated to be approximately 10x lower than the infill chips.

o The excess cancer risk (ECR) for Individual chemicals was estimated to be a level of one person out of one million {1x10-6) or
less.
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° The ECR for carcinogens In children with pica, who represent the most extreme exposure type among the facllity users, was
shown to be 1.14x10-7 for benzene and 8.47x10-7 for PAHSs,

° The hazard index (HI) of the facllity users for each Individual chemical ac
be less than 0.1, which was low, except for children with plca,

° The HI of children with pica for non-carelnogenic materlals was shown to be less than 0.001for Pb, 0.067 for Cr, Cd and Hg,
0.005 for Zn, 0.001 for VOCs; and 0.273 for phthalates, all of which were low, except for phthalates,

Study Limitations:

®  The study did not consider asthma or allergic reactions In the health assessment,

°  Theauthors assumed that al| chemicals In the alr sampling were from artificial turf or urethane flooring, and that there were
no other alr emlsslon sources,

cording to the mean exposure scenario was shown to

Comparison of Batch and Column Test for the Elution of Artificial Turf System Components
0. Kruger, U. Kalbe, W, Berger, K. Nordhaub, G, Christoph, H.P, Walzel; Environmental Sclence and Technology; 2012

The purpose of the study was to compare the behavlor of synthetic sports flooring components at different elution methods,

Methods:

Artificial turf components from 6 German producers.

Batch tests were performed with a liquid to solid ratio of 2L/kg.

Column tests were performed with a liquid to solld ratlo of 26.5 L/kg.

PH, electric conductivity, turbldity of the eluates, and contaminant release were measured.
Specific emphasls placed on zine (ICP-OES) and PAHs (15 measured with HPLC).

Study results and/or conclusions:

®  Lead and cadmium were under the LOQ while zinc concentrations varled from below LOQ - 129 mg/L.
°  The PAH concentrations varled from 0.07-3.41 ugfL,

®  Thebatch testing produced higher concentrations of zng; however,
conditions,

Study Limitations:

° Batch test conditions did not mimic actual fleld conditions.

e o o © o

column testing provides conditions closer to actual field

Release of Polycyclic Aromatic Hydrocarbons and Heavy Metals from Rubber Crumb in Synthetic Turf Flelds:
Assessment for Athletes

L. Marslll, D. Coppola, N. Bianchl, S. Maltese, M, Blanchi, M.C. Fossl; Journal of Environmental and Analytical Toxicology; 2014,

Preliminary Hazard

he purpose of the study was to quantify the PAHs and heavy metals contalned in the crumb rubber (tires produced before 2010), to

T
determine whether PAHs are released and at what concentrations, and to estimate respiratory uptake by athletes training on these
frelds.

Methods:
¢ Samples were taken from nine different synthetic turfs from football flelds in Italy
®  4samples were new tire crumb rubber that was not yet on a flelds.
®  4samples of tire crumb rubber from flelds 1-8 years old, and 1 sample from virgin rubber (Le. not recycled tires)
®  Heavy metals: Pb, Cu, NI, zn, Cr, Cd, Fe
©  Concentratlons determined via spectrophotometer and spectrometer
®  PAHs: 14 analytes determine via HPLC

Study results and/or conclusions:

¢ The majority of samples had concentrations of h
Amateur League,

°  Cdexceed the limitin 3 samples, 2 new and 1 installed.

®  Znwasvery highin all samples, exceeding the limit by a minimum factor of 20,

®  PAH concentrations varied by sample. Forall crumb rubber samples,
pyrene. :

°  The data indicate that PAHs are released continually from the crumb rubber via eva
could be exposed to chronic toxicity from PAHs.

eavy metals that were below the maximum limits set by the italian Natlonal

highest concentrations were benzo(b)fluoranthene or

poration and athletes frequenting fields
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Study Limitations:
°  The preliminary hazard assessment overestimates the PAH contribution,
o Theoretical approach which must be considered as an extrerne worst case scenario,

A Scoping-Level Field Monitoring Study of Synthetic Turf Fields and Playgrounds
U.S. Environmental Protection Agency; 2009.

The purpose of the study was to generate limited field monitoring data that will be used by EPA to help determine possible next
steps to address concerns regarding the safety of tire crumb infill in recreational fields.

Methods:
©  Scoping level study evaluating environmental concentrations of tire crumb constituents In recreational fields.
e Two synthetic turf fields and one playground were chosen as the sampling locations.
e Airsampling was conducted at 1m height:
o  PM10analyzed for mass, metals, and particle morphology
©  VOCsfor 56 analytes (2pm collection time at the fields and at an upwind background location).
°  Wipe sampling was conducted at the fields and also with tire crumb infill and turf blade samples
o Pb,Cr,2n, As, Al Ba, Cd, Cu, Fe, Mn, Ni {ICP/MS),
° Percent bioaccessible Pb was calculated.

Study results and/or conclusions:

0 AllVOCs, PM, and metals were similar to all background levels and were below the national amblent air quality standards.

°  Methylisobutyl ketone was detected at one synthetic turf field and was not detected in the background samples.

° The extractable lead concentrations from the infill, turf blades, and tire crumb materials were low and below the EPA standard
for lead in soil.

e Lead concentrations in the wipe samples were low and below the EPA standard for lead in residential floor dust.

Study Limitations:

¢ Semivolatile organic compounds were not measured In this study.

¢ Sites where samples were taken could have many variabilities in the materials used and possible envircnmental differences.
° There were some difficulties obtaining permission to access the playgrounds and synthetic turf fields.

CPSC Staff Analysis and Assessment of Synthetic Turf “Grass Blades”
Consumer Product Safety Commission

The purpose of the study was to determine the total lead content and accessibility of the lead.

Methods:

Samples of synthetic turf at the time of installation and samples from when 1 field was dismantled.
Lead content of grass blades was determined using ICP.

Samples with detectable lead were tested for accessibility of lead.

For in-service fields, X-ray fluorescence was used to detect the presence of lead.

Study results and/or conclusions:

°  Syntheticturf lead content ranged from 0.05% to 0.96% and varied between the turfs and also within a field depending on
color.

e The results for this set of tested synthetic turf fields show no case in which the estimated exposure for children playing on the

field would exceed 15 mg lead/day (according to the CPSC's recommendation for chronic lead ingestion not exceeding 15 mg
lead/day, daily).

e & o o

Study Limitations:

e Accuracy of wipe sampling method for estimating exposure to lead contact residue is unknown.
e Dermal contact to skin with lead residue during a typical play event on a field was assumed.

° Experimental wipe method overestimated transfer to a persons’ bare skin by a factor of 5 to 13.

° Bloavailability of lead from synthetic turf may not be the same as it Is for the food and drink exposures that were the basis of
the dose-response.
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10,

©  Staff did not make adjustments In the assessment to account for differences in lead content as fields can have areas with
different lead content (L.e. painted areas, etc.).

Envlronmental-—sanltaw risk analysis procedure applled to artificlal turf sports fields
B, Ruffino, S, Fiore, M. C. Zanettl; Environmentol Sclence and Pollution Research; 2013.

The purpose of the study was to characterize chemicals in crumb rubber and assess their capaclty to release the chemicals on
contact with water. The study also evaluated If the rubber granules may pose a risk to child and adult

players via direct contact,
contact with ralnwater soaking the fleld, or Inhalation of dusts and gases released.

Methods:
°  Four sports turf fields with crumb rubber Infill, 1 field with thermoplastic elastomer, and 1 natural turf field,
©  Field age varied from 1-3 years old,
®  Rubber and soll samples were analyzed for BTX (GC-MS), PAHs (8, GC-MS), and metals (18, 1CO-OES).
©  In-water extractable compounds (BTX, PAHs, and metals) were analyzed,
°  Gasesand dusts were collected Immediately above the ground, close to the sports flelds, and at a point In the center of the
city.
o Samples were analyzed for BTX (gases) and PAHs (dust).

Study results and/or concluslons:

@  Concentration of benzene Is similar to those in the natural turf field,

®  Pyrene concentrations in synthetic turf are approximately 20 mg/kg and B{a)P concentrations were 10 mg/kg,

°  Zinc concentrations were substantially higher in synthetic turf compared to the natural turf sample; 115 times higher at the
synthetic turf field with the lowest percentage zinc,
The leaching tests Identified higher BTX and PAHs In leachates from new Infill material was higher than the old infill materials.

For all turf fields examined and for all routes considered, the cumulative CR proved to be lower than 10-6 and the non-
carcinogenlc risk (for the sum of COCs) lower than 1, in line with Itallan guidelines.

e Additionally, for the Inhalation route, the Inhalation of dust and gases from activity on artificial turf flelds
than those due to inhalation of atmospheric dust and gases from vehleular traffic,

Study Limijtations:

°  Some of the artificlal turf fields were In varlous sta
metals concentrations than older fields).

®  Sample comparison was limited to one cl
vehicular dust and gases being emitted.

gave risk values less

ges of age (the samples that were from newer flelds had higher chemical and

ty's atmospheric dusts and gases and may not be the best representation of typical

Human Health Risk Assessment of Synthetic Turf Fields Based Upon Investigation of Five Fields in Connecticut

G. Ginsberg, B. Toal, N. Simcox, A, Bracker, B. Golemblewski, T. Kurland, C. Hedman; Journal of Toxicology and Environmental Health,
Part A; 2011,

The purpose of the study wasto develop a screening level risk assessment in which hi
for uncertaln parameters and surrogate data were employed for chemicals with inad
did not fall out of the assessment on the basls of missing data,

gh-end assumptlons for exposure were used
equate toxicity Information so that chemicals

Methaods:
®  Personal alr samples were taken from volunteers during 2-
with crumb rubber infill.

®  Stationary alr samples were also taken near the field.
®  Airsamples were analyzed for VOCs (60), SVOCs (120, including 22 PAHs), lead, nitrosamines (7), and PM10,

Study results and/or conclusions:

®  10VOCs were considerad chemlcals of potential concern (COPC) for the outdoor and flelds and 13 VOCs for the indoor flelds,
®  Personal monitoring results were higher for VOCs than the statlonary sampling results,

®  The VOCs of potential concern were above background concentrations at only one of the outdoor fields (not the sama field in
every case), except for toluene and hexane which were above background at two fields.

h sampling event at 5 artificial grass flelds (4 outdoor and 1 Indoor)
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o  Personal monitoring samples showed VOCs were 1.5-to-3-fold greater than background at outdoor fields, except methylene
chloride which was 12.8-fold higher.

o  Indoor VOCs detections tended to have greater elevations relative to background.

o 2SVOCs were selected as COPC, benzothlazole (8TZ) and butylated hydroxytoluene (BHT).

o BZT was above background at indoor and outdoor fields; max indoor result was 11.7-fold higher than max outdoor result.

o  BHT was detected at all fields and results were higher for stationary monitoring.

e  BHT Isa COPC for the indoor field.

o  Avariety of PAHs were detected above background but the concentrations were generally low (well below 1pg/m3).

o  Lessvolatile PAHs were detected in the outdoor field while the more volatile PAHs were found indoors but generally not
outdoors

o Lead results were below the 300ppm target set by the CPSC for lead in products intended for children.
° Based upon the findings, cutdoor and indoor synthetic turf fields are not associated with elevated adverse health risks.

Study Limitations:
o  Small number of fields in the study.

e  Onlyone indoor field was included in the study.

o  Some limitations in weather variables when taking samples at outdoor fields.

o  Small number of samples taken per field.

o The study did not attempt to measure latex antigen in the crumb rubber or In the PM10 collected from on field air samples.
° Some VOC detections in the personal monitoring may have originated In the device.

Artificial Turf Football Fields: Environmental and Mutagenicity Assessment

T. Schiliro, D. Traversi, R. Degan, C. Pignata, L. Alessandria, D. Scozia, R. Bono, G. Gilli; Archives of Environmental Contamination and
Toxicology; 2013.

The purpose of the study Is to develop an environmental analysis drawing a comparison between artificial turf football fields and

urban areas relative to concentrations of particles (PM10 and PM2.5) and PAHs, BTEX, and mutagenicity of organic extracts from
PM10 and PM2.5.

Methods:

o 24 Air samples were taken from 6 football fields (5 were artificial turf) and 2 urban locations in 2 sampling events to study
influence of meteorological and seasonal conditions and the presence of play.

° PM10, PM2.5, BTX (benzene, toluene and Xylene), and PAHs were measured in the air samples.

o The mutagenicity of the organic extracts of the PM and PM2.5 samples were studied using the Ames test.

Study results and/or conclusions:

° Air samples from the artificial turf field had no significant differences from the samples from the urban sites,

° BTX concentrations at the urban site were significantly greater than on the turf fields.

° Seasonal differences were also seen.

° In regards to environmental monitoring, artificial turf fields present no worse exposure risks than those found in the city.

° PAH concentrations, when detected, were low.

e  PAH concentrations were greater in the winter than the summer.

e 8(a)P was present on the football flelds during the winter sampling.

° During the winter season sampling, PAHs, except anthracene, were often present on each football field and at the urban site.

s The mutagenicity showed a seasonal trend and was greater on fields characterized by traffic and/or industrial emissions in the
surrounding area.

Study Limitations:

° Urban locations used to compare field results might not be a good overall representation of urban areas in general,
° Non-turf related environmental variables at both the fields and urban areas could be of Influence.

Artificial-turf playing fields: Contents of metals, PAHs, PCBs, PCDDs and PCDFs, inhalation exposure to PAHs and related
preliminary risk assessment
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E. Menichini, v. Abate, L. Attias, S. De Luca, A. di Domenlco, I, Fochl, G. Forte, N. lacovella,

A. L lamicell, P, Izzo, F. Merli, B. Bocca;
Sclence of the Total Environment; 2011

The purpose of this study was to identify some potential chemical risks and to roughl

¥ @ssess the risk associated with inhalation
exposure to PAHs from materials used to make up artificial turf flelds,

Methods:
¢ Rubber granulates were collected from 13 Itallan fields. For the 13 flelds, samplings were performed at different positions in
the playground to obtain a representative sample for each area (see Bocca et al #4).

°  Rubber samples varled and Included virgin thermoplastic, coated and uncoated recycled tires,
recycled ground gaskats,

©  Samples were analyzed for 25 metals and 9 PAHs,

e Airsamples were collected on filter at two flelds, using static and personal samplers,
fields.

recycled vulcanized rubber, and

and at background locations outside the

Study results and/or conclusions:

°  High contents of Zn and benzo(a)
solls).

®  Other chemlcals such as PAHs, VOCs, PCBs,
within the mentioned limits,

pyrene were found in the granules present In playing fields (above the Italian standards for

PCDDs and PCDFs were found in the recycled crumb rubber but were at levels

Study Limitations;

¢ Only particle phase air samples were taken (TSP or PM10}. So the inhalation exposure may be under-
information on contaminants in the gaseous phase,

©  Inhalation risk assessment was based on limited data and the ri

®  Flelds may vary In age and type of rubber used which could aff
factors such as climate and weather could have an effect on st

estimated for missing

sk assessment should be regarded as preliminary,
ect the samples and chemicals found In them, Environmental
udy samples at the time of sampling,

Characterization of substances released from crumb rubber material used on artificial turf fields
X. LI, W. Berger, C. Musante, M. 1. Mattina; Chemosphere; 2010.

The purpose of the study was to assess major volatilized and leached chemicals from crumb rubber material (CRM); assess the

tile compounds with time after Installation for both laboratory and field-aged samples
under natural weathering conditions.

Mathods:

®  Vapor offgas and leachate samples from 15 crumb rubber material (CRM) samples were analyzed,
®  The CRM samples were obtalned from local schools and commercial suppliers.

° 10 organic chemicals (PAHs and VOCs) were measured in the vapor phase over CRM.

Study results and/or conclusions:

®  During the vapor phase, CRM emitted volatile PAHs and other compounds,
Benzothtazole (BTZ) was the most abundant volatile compound found In all the samples.

L
®  Zincwas found to be the highest of all metals found in the samples’ extraction fluld
®  There was a significant reducti

old compared to newer fields.

It was also determined that there is some variabllity In the out-gassing profile of CRM from different manufacturers,

Study Limitatlons:

°  This study provides mostly qualltative, not quantitative results,

which makes the results difficult to compare to other studies.

Toxlcological Assessment of Coated Versus Uncoated Rubber Granulates Obtained fr
J. Gomes, H. Mota, J. Bordado, M. Cadete, G. Sarmento, A, Ribelro, M, Balao,
Journal of the Alr and Waste Management Assoclation; 2012,

om Used Tires for Use in Sports Facllities
J. Fernandes, v, Pampulim, M, Custadio, 1. Veloso;
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The purpose of the study was to investigate whether coating rubber granulates decreased emissions of leachates and airborne
substances.

Methods:
°  Raw rubber granulates were obtained along with two coatings, a polyvinyl chloride and a cross-linked alquidic polymer, both
which contained color additives and a flame-retarding agent.
o The coated rubber granulates were compared with the raw rubber granulates.
o Chemicals analyzed:
o PM2.5 and PM10
o] PAHS (16; GC-MS)
o  Heavy metals (Cd, Cr, Hg, Pb, Sn, Zn; ICP-OES)

Study results and/or conclusions:

° Rubber granulates cbtained cryogenically and semicryogenically have lower inhalable particles than those obtained
mechanically

° For PAHs in raw and coated samples, one type of coating resulted in increased content of some PAHs.
o However, the leaching of PAHs from raw, R1 coated or R2 coated is negligible.

°  For heavy metals, the concentrations in the leachate is very small and the coating does appear to prevent leaching of the
metals.

o  Both R1and R2 coatings showed lower ecotoxicity than the non-coated rubber granulates.

Study Limitations:
e There are only two types of coating included in the analysis.

o ltis noted that one of the coatings include polyvinyl chloride which has been excluded from certaln textile products due to
concerns over potential adverse health effects after human exposure.

15, Evaluating and Regulating Lead in Synthetic Turf
G. Van Ulirsch, K. Gleason, S. Gerstenberger, D. B, Moffett, G. Pulliam, T. Ahmed, and J. Fagliano; Environmental Health Perspectives;
2010
The purpose of the study was to present data showing elevated lead in fibers and turf-derived dust; identify risk assessment
uncertainties; recommend that government agencles determine appropriate methodologies for assessing lead in synthetic turf; and
recommend an interim standardized approach for sampling, Interpreting results, and taking health-protective actions.
Methods:
° This is a commentary on lead in synthetic turf, using data collected from recreational fields and child care centers on lead levels
in turf fibers and surface dusts.
Study results and/or conclusions:
e Synthetic turf can deteriorate to form dust containing lead at levels that may pose a risk to children.
o Given elevated lead levels in turf and dust on recreational fields and in child care settings, it Is Imperative that a consistent,
nationwide approach for sampling, assessment, and action be developed.
Study Limitations:
° N/A. This is a commentary.
e  Updated guidelines/standards for lead in synthetic turf blades were released after publication of the article.
Biomonitoring Study
1. Hydroxypyrene in urine of football players after playing on artificial sports field with tire crumb infill

J. G. M. Van Roolj, F. J. Jongeneelen; International Archives of Occupational and Environmental Health; 2010,

The purpose of the study was to assess the exposure of football players to PAHs from sporting on synthetic ground with rubber
crumb infill (by measuring urinary 1-hydroxypyrene).
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Methods:
©  Allurine samples were collected over 3 days (the days before,
o

of, and after a 2.5-h football match) from 7 football players.
1-Hydroxypyrene (PAH blomarker) was measured In urine,

Study results and/or conclusions:

©  The football players spent a total of 2.5 hours on the synthetic turf field,

©  Three players likely had PAH exposure from pre-sporting activities and were omitted from the analysis,

®  Uptake of PAH by football players playing on synthetic turf with rubber crumb infill is minimal,

° If there is any exposure, then the uptake Is very limited and within the range of uptake of PAH from environmental sources
and diet.

Study Limitatlons:

®  Only 7 football players were in the study. The sample size Is too smal
e Short exposure duration (2.5-h) and PAHs from other sources
°  Dletaryand lifestyle questionnalres were not administered.

I'to represent the target population,
(such as diet) could have affected the player’s results,

Bioavailability Studies

1.

Blo-accessibility and Risk of Exposure to Metals and SVOCs in Artificial Turf Fleld Fill Materials and Fibers
B. T. Pavilonis, C. P. Welsel, B, Buckley, P. J, Lioy; Risk Analysis; 2014

The purpose of the study was to determine whether the blo-accessible fraction of metals
exceeded non-cancerous risk-based guidance values for children and adult athletes,

Methods:
°  New crumb infill (n=9), new turf fiber products (n=8), and fleld samples (n=7) were collected.
(]

Using synthetlc biofluld solutions, blo-accessibility analyses for metals and SVOCs wer
respiratory system, and dermal absorption,

Study results and/or conclusions:
®  PAHswere generally below the limit of detection in all three artificlal bloflulds.
e SVOCsfound were not present In toxicological databases evaluated a
®  Trace metals found were at minimal levels,

Study Limltations:
@ Possible selection bias and the small number of fields used in this study,
The simulated digestive fluld may not reflect accurately true digestive capabllitles in humans.

°  Alargeamount of variability was found among the field samples used In this study (some samples may have been from older
fields or different verslons/types of artificlal turf),

and SVOCs found In artificial turf fields

e performed for the digestive system,

nd were in everyday consumer products.

Health Risk Assessment of Lead Ingestion Exposure by Particle Sizes in Crumb Rubber on Artificial Turf Consldering Bloavailability
S.Kim, J. Yang, H. Kim, I, Yeo, D. Shin, Y. Lim; Environmental Health and Toxicology; 2012,

The purpose of the study was to assess the risk of in

Bestion exposure of lead by particle sizes of crumb rubber In artificial turf filling
materlal with conslderation of bloavallabllity

Methods:

®  Lead was measured using ICP-MS In the extracts of tire crumb particles of various size (larger or smaller than 250 um)
extracted using artificlal digestive and acid extraction methods,

°  Average lead exposure amounts were calculated for students.

Study results and/or conclusions:

°  Lead wasfound in the digestion extracts of tire crumb material,
°  Acld extraction method resulted In lead concentrations 6.5 times higher than content concentration,

¢ Digestive extractlon resulted In lead concentration 10.3 times higher than content concentration.
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o Results of this study confirm that the exposure of lead via ingestion and risk level increases as the particle size of crumb rubber
gets smaller.

Study Limitations:
e Itappearsthat only one type of crumb rubber was investigated.

e Thereis uncertainty as to whether or not the EDPM rubber powder prototype used in the study Is representative of the entire
artificial turf.

Hazardous chemicals in synthetic turf materials and their bio-accessibility in digestive fluids
J. Zhang, |. Han, L. Zhang, W. Crain; Journal of Exposure Science and Environmental Epiderniology; 2008,

The purpose of the study was to obtain data that will help assess potential health risks associated with chemical exposure from
artificlal turf and to determine the blo-accessibility of PAHs and toxic metals in synthetic human saliva, gastric fluid and Intestinal
fluid.

Methods:

e  Seven samples of rubber granules and one sample of artificial grass fiber from synthetic turf fields at different ages of the
fields.

°  PAHs(15) and metals (Cr, Zn, As, Cd, Pb; ICP-MS) were measured in the granule/grass fiber samples and synthetic digestive
fluids (saliva, gastric fluid, intestinal fluid).

Study results and/or conclusions:

e  Total PAHs ranged from 4.4ppm to 38.15ppm.

¢ PAHsin rubber granules had low bio-accessibility (i.e., hardly dissolved) in synthetic saliva, gastric fluid, and intestinal fluid.
e  Rubber granules often contained PAHs at levels above health-based soil standards.

o PAH levels declined as the field ages.

° Decay trend may be complicated by adding new rubber granules to compensate for loss of the material.

e  Zinc contents were found to far exceed the soll limit, range 5710-9988.

e Lead content was low in all the samples compared to soll standards.

° Lead in the rubber granules was highly bicaccessible in the synthetic gastric fluid,

Study Limitations:

o The digestive system is difficult to simulate, and the simulated digestive fluid may not accurately reflect true digestive
capability in humans.

Toxicological Studies

1.

Toxicological Evaluation for the Hazard Assessment of Tire Crumb for Use in Public Playgrounds
D. A. Birkholz, K. L. Belton, T. L. Guidotti; Journal of the Air and Woste Management Association; 2012.

The purpose of the study was to design a comprehensive hazard assessment to evaluate and address potentlal human health and
environmental concerns associated with the use of tire crumb in playgrounds.

Methods:

° 200g tire crumbs were leached in water to produce the test leachate.

°  Genotoxicity was assessed using Saimonella typhimurium mutagenicity fluctuation assay, SOS chromotest, and Mutatox.
° Human health concerns were addressed using conventional hazard analyses.

St results and/or conclusions:
s Allsamples analyzed did not meet the criteria for genotoxicity and were considered negative.

e Genotoxicity testing of tire crumb samples following solvent extraction concluded that no DNA or chromosome-damaging
chemicals were present.

o This suggests that ingestion of small amounts of tire crumb by small children will not result in an unacceptable hazard/risk for
development of cancer.

©  The use of tire crumb in playgrounds results in minimal hazard to children and the receiving environment.
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Study Limitations:
©  Theauthors of this study concentrated only on potential genotoxicity from the exposure to tire crumb material in playgrounds,
other adverse health effects that may be caused by other elements/compounds in the tire crumbs may have been overlooked.

Benzothlazole toxicity assessment In support of synthetic turf fleld human health risk assessment
G. Ginsberg, B. Toal, T. Kurland; Journal of Toxicology and Environmentol Health, Part A; 2011,

The purpose of the study was to assess benzothiazole (BZT) toxicity in support of a risk assessment of synthetic turf fields conducted
by the Connecticut Department of Public Health.

Methods:

©  The study reviewed the following Information on BZT and Its surrogate, 2-mercaptobenzothiazole (2MBZT), to derive BZT
toxicity values for cancer and non-cancer effects:

o  properties and uses

o BZT exposure

o toxicokinetics of BZT and 2MBzT
o

toxicity of BZT and 2MBZT with regard to acute toxlcity, mutagenicity, subchronic and chronic toxicity and cancer,
developmental and reproductive effects

Study results and/or conglusions:
e The following BZT toxicity values were derived:
o Acute air target of 110 yig/m3 based upon a BZT RD50 study In mice relative to results for formaldehyde.
©  Achronic, noncancer target of 18 pg/m3 based upon the no observed adverse effect level (NOAEL) in a subchronic
dietary study In rats, dose route extrapolation, and uncertainty factors that combine to 1000.

0  Acancer unitrisk of 1.86-07/ug-m3 based upon a published oral slope factor for 2-MBZT and dose-route
extrapolation.

Study Limitations:
e  There were numerous uncertainties and limited information in the BZT toxicology database,
®  BZT was not tested In sub-chronic/ chronic studies, cancer bioassay, or developmental and reproductive studies.

Some endpolnts were studied using 2-MBZT as a surrogate, which makes an Imperfect comparison due to differences in
structure and metabolic pathways.

e Onlyascreening-level assessment for BZT exposure,
The proposed toxicity values are for BZT in general, not specifically for BZT in synthetic turf,

Evaluating the Risk to Aquatic Ecosysters Posed by Leachate from Tire Shred Fill In Roads Using Toxiclty Tests, Toxlcity
Identification Evaluatlons, and Groundwater Modeling

P.l. Sheehan, .M. Warmerdam, S, Ogle, D. Humphrey, S. Patenaude; Environmental Toxlcology and Chermistry; 2006,

The purpose of the study was to evaluate the toxicity of leachates from tire shreds used as roadbed fill and to define the

circumstances under which use of the tire shreds as roadbed fill, both above and below the water table, will pose a negligible hazard
to adjacent surface-water ecosystems.

Methods:

e Shred inflll obtained from two study sites, one above the water table and one at and below the water table. For this infill, tire

shreds contain a mixture of steel and glass belted scrap tires and substantial amoun

ts of steel belts are exposed at the cut
adges.

Slte #1 constructed in 1993 with 3 sample collection areas with precipitation inflitrating the road embankment and Into
callection basins for sampling. There was one "control" basin without a tire shred layer.

©  Site #2 was constructed in 1994 and tire shreds come Into direct contact with groundwater. Water samples were collected
from 3 wells: 1 upgradient, 1 within the trench with direct contact to tire shreds and 1 downgradient.
©  Leachates analyzed for metals, VOCs, and sVOCs.

Short-term chronlc C. dubla test and short-term chronic fathead minnow test used to determine toxicity.

Study results and/or conclusions:

° Site #1:
o  Noadverse effects on P. promelas survival or growth
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o Substantial reduction in C. dubia survival in phase 2 of the reference water likely due to high conductivity of the
leachate sample.

o Metals, VOCs and sVOCs were detected in two samples but the concentrations were low and not indicative of
leaching substantial amounts of chemicals.
o Site#i2:

o Slight reductions In P, promelas survival in both phase 1 and 2 of the reference sample.

o Noimpairment in survival seen In the two samples (at and down gradient).

o Significant reductions in growth seen for both the reference sample and the other two site samples.

o  ForC. dubla, > 80% mortality was seen in the leachate samples (phase 1); significant reductions In reproduction also
seen but reductions in reproduction were also seen In the reference samples.

o

Elevated levels of some VOCs and metals (especially iron and manganese) indicated chemicals leach from shred fill;
however, the leaching of iron is likely from the steel belts exposed on the cut edge.

Study Limitations:
e  Thetype of inflll used in road beds Is quite different from the crumb rubber infill used in synthetic turf.

e The modeling estimates used numerous different scenarlos to determine amount of filtration needed which Is not applicable
to studies investigating human exposure to chemicals synthetic turf.

Impact of tire debris on in vitro and In vivo systems
M. Gualterl, M. Andrioletti, P. Mantecca, C. Vismara, M. Camatini; Particle and Fibre Toxicology; 2005.

The purpose of the study was to Investigate tire debris effects on the development of X. faevis and on human cell lines.

Methods:
°  Tire debris samples were obtained from laboratory processing using tire scrap materials.
e Eluates were obtained after soaking in water (pH 3); organic extracts obtained and used for the cell line test {A549) and the
tests using X. laevis embryos
¢ Cellviability assay and Comet assay were used to determine toxicity, doses 10, 50, 60, 75 pg/mL
. invivo: X. laevis embryos were exposed to 50,80,100, 120 pg/mL organic extracts |

Study results and/or conclusions:

o Atime-dependent increase of Zn in the human liver cell line was seen after treatment with 50pg/ml zinc at 2, 4, and 24 hours.

*  Anincrease in cell death was seen at the higher doses (50, 60, 75 pg/ml) compared to controls.

¢ Cell proliferation was decreased in a time and dose-dependent manner. |

¢  DNAdamage increased at 50 and 60pg/mL as shown by the comet assay. '

¢ Cell morphology was impacted after 72 hours treatment. The highest dose showed visible vacuolization in the cytoplasm and |
apoptotic nuclear images; present in 50% of cells at 72 hours with 75pg/ml treatment.

°  Znconcentration of 44.73pg/ml (50 g/l tire debris) resulted In 80% mortality of embryos and a concentration of 35.28ug/m|
(100 g/L tire debris) resulted In 26.8% mortality. Malformation was similar between the two doses. Dilutions of the organic
extracts showed significant increases at 1% for 44.73 and at 10% for 35.28.

o The eluates had teratogenic effects for both doses.

° For X. laevis development, 80pg/ml and above resulted in significant mortality with 15.9% mortality at 120pg/mL.

o Increase in malformed larvae found at 80 and 100pg/mL; at 120 pg/mL, 37.8% of larvae were malformed.

e Most frequent malformation was gut roiling.

Study Limitations:

° The type of sample used in the analysis {tire debris) Is not the same type of tire material as seen In crumb rubber infill,
e Theanalysis only looked at zinc and did not include other known contaminants of tire crumb/tire debris,

¢ Noindication if the doses used in the laboratory analysis are similar to doses/exposure levels in the environment.
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Appendix C - EPA-NCEA Summary of Available Exposure and Health Risk
Assessment Studies on Artificial Turf, Playgrounds and Tire Crumbs

Summary of Available Exposure and Health Risk Assessment Studies on
Artificial Turf, Playgrounds and Tire Crumbs

Bulleted Summary

Artificial turf is made of plastic blades that simulate grass and a layer of “infill” material made of recycled tire crumb or
crumb rubber.

There are benefits to using these materials, but concerns have been raised by the public and others regarding health
issues associated with their use.

EPA formed a workgroup in 2008; performed a scoping study, and published a report in 2009,
There are several studies found in the literature conducted by federal and state governments, academia, and industry.

The studies varied in scope ranging from studies focused on environmental concentrations found in air; concentrations of
the chemicals found in the bulk material; and health risk assessments. Some studies focused the inhalation pathway,
while others considered other pathways including ingestion and dermal exposures, Chemicals studied included VOCs,
sVOCs, PMio, and metals. Other studies examine the potential for environmental impacts, including leaching of metal
into waterways.

Federal and state government studies include:

o Norwegian Institute of Public Health (2006) “Artificial turf pitches — an assessment of the health risks for football

o  OEHHA 2007 “Evaluation of Health Effects of Recyeled Waste Tires in Playground and Track Products™

o CPSC 2008 “CPSC Staffl Analysis and Assessment of Synthetic Turf Grass Blades”

o New Jersey Department of Health and Senior Services (April 2008) “New Jersey Investigation of Artificial Turf and
Human Health Concerns; Fact Sheet”

o New York Department of Health (2008) “A Review of the Potential Health and Safety Risks From Synthetic Turf Fields
Containing Crumb Rubber Infill”

o New York City Department of Health and Mental Hygiene (March 2009) “Air Quality Survey of Synthetic Turf Fields
Containing Crumb Rubber Infill”

o  New York State Department of Environmental Conservation (May 2009) “An Assessment of Chemical Leaching,
Releases to Air, and Temperature at Crumb-Rubber Infilled Synthetic Turf Fields

o EPA (2009) “A Scoping-Level Field Monitoring Study of Synthetic Turf Fields and Playgrounds”

o Connecticut Department of Health (2010) “Human Health Risk Assessment of Artificial Turf Fields Based Upon Results
from Five Fields in Connecticut”

o New Jersey Department of Environmental Protection (July 2011) “An Evaluation of Potential Exposures to Lead and
Other Metals as the Result of Aerosolized Particulate Matter from Artificial Turf Playing Fields”

©  These studies concluded that there is no or limited health risk associated with the use of these materials. However, the
studies were limited in scope and not all of them carried out a complete exposure/risk assessment, There are
uncertainties associated with the assumptions used to derive these conclusions.

e Some potential future activities can be undertaken including: reviewing additional reports and scientific literature;
examining the available data more closely; reviewing exposure assumptions; determine if an exposure/risk assessment
can be conducted with the available data; studying other factors that may influence exposure; identify key data gaps;
and assess the potential for microbiological exposures.

Background

Artificial turf is made of plastic blades that simulate grass and a layer of “infill” material to keep the blades upright. This
“infill” is made of recycled “tire crumb" or "erumb rubber” material. This artificial or synthetic turf is often used to cover
the surfaces of athletic field. Tire crumbs and crumb rubber are also used as groundcover under playground equipment,
running track material, and as a soil additive on sports and playing fields. Although use of these materials has been

recognized as beneficial (e.g., recyling, reduction of sports injuries), concerns have been raised by the public and others
regarding health issues associated with these materials.
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methods to study the situation, and they recommended conducting a scoping study to assess approaches and method s, and to
provide limited measurement data for consideration. The workgroup produced a report entitled “Scoping-level Field
Monitoring Study of Synthetic Turf Fields and Playgrounds” published in 2009.

Over the years, there have been several published articles on the health concerns resulti ng from exposures to the materials
used in artificial turf, Tn Qctober of 2014, a soccer coach re

soccer players and exposures to artificial turf, A list of 38 American soccer players (34 of them goalies) had been diagnosed
with cancer (https/rwww.nbenews.com/news/invest tions -arfificial=-furf: i . Inresponse
to the news report, a representative from FieldTurf, an artificial field turf company, requested a meeting with EPA to present
their views with regard to the safbty of turf fields. A conference call was hosted by Michael Firestone of OCHP, FieldTurf
stated that scientific research from academia, federal and state governments has failed to find any link between synthetic turf
and cancer. More recently, in March 16, 2015, another news article in claimed that the federal government is promoting
artificial turf despite health concerns (it dlwww.usatoday.constory/news/) 3/15/artificial-tur f-health-salety-

studies/24727111/).

Several studies have been conducted on artificial turf and the use of tire crumb materials. Some focused primarily on
obtaining concentration data for various compounds that may off-gas from recycled tire materials, while others attempted to
estimate health risks associated with their use. There are also several studies that focus on characterizing the compounds
contained in bulk samples of artificial turf, Summarized below are the studies conducted by EPA, CPSC, and the states of
New York, Connecticut, and California, Included also is a study conducted in Norway. It is important to note that this list is
not comprehensive and focuses primarily on studies conducted by federal and state governments,

i ealth (NI and the Radiu spital
NIPH conducted a health risk assessment of football players that played in artificial turf fields, They examined 9 scenarios
including: inhalation, dermal, and ingestion exposures (only for children) for adults, juniors, older children and children,
The assessment included various constituents in the tire crumb: VOCs, PAHs, phthalates, PCBs, PMo, and alkyl phenols.
The study was limited because of the absence of toxicity data. The study concluded that the use of artificial turf does not
cause any elevated health risk. The estimated Margins of Safety (MOS) were no cause for concern,

http://wwyw.isss.de/conferences/ resden%202006/Technical/F H1%20Engelsk.pdf

EHHA California study 2007
Office of Environmental Health Hazard Assessment (OBHHA) condueted a risk assessment of the recycled waste tires in
playgrounds and track products in 2007, Their study included VOCs, sVOCs and metals, The pathways included in the risk

assessment were the ingestion of the tire orumbs via hand to mouth or surface to mouth and dermal contact, They concluded
that risk levels were below the di minimis level of 1 x 10°5,

htp/www calrecycele.ca.gov/] ublications/Documents/Tires% C62206013.pdf
CPSC 2008

exceed 15 pg of lead/day.

httg://wmv.cmc.gov//PageFilgsf 10471 G/turfassessment.pdf

New Jersey D 0 th an ior Servie

NIDHSS collected samples of artificial turf fibers from 12 fields. Ten fields with
Two fields with nylon fibers had 3,400 to 4,100 mg/kg of Pb. In addition,
consumer products that are used for residential lawns and play surfaces. Two of the produets that were nylon or
nylon/polyethylene contained Pb at 4,700 and 3,500 mg/Kg, These concentrations higher than the Residential Direct
Contact Soil Cleanup Criteria (which is 400 mg/kg). “There is a need for a comprehensive and coordinated approach to

evaluating the public health risks and benefits of artificial turf fields.” hitp:/fy Vw.ni.gov/dep/dsr/publications/artifi fal-turf
report.pdf

polyethylene fibers had very low Pb levels.
they collected artificial turf samples from

New Yo artment of

In 2008, the NY Department of Health conducted a study where they reviewed data from 11 different risk assessments found

in the literature on exposures to artificial turf and coneluded that the levels found of the contaminants of concern did not
result in an increased risk for human health effects as a result of ingestion, dermal or inhalation exposure to crumb rubber,
They stated, however, that additional air studies at synthetic turf fields as well as background air measurements would
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provide more representative data for characterizing potential exposures related to synthetic field use in NYC, particularly
among children,

http://www.nye. ov/html/doh/downloads/pdfeode/turf report 05-08.pdf

New York City Department of Health and Mental Hygiene March 2009

NYCDHMH conducted field sampling for VOCs, SVOCs, metals, particulate matter (PM2.5) in two synthetic fields, one
grass field. They used stationary samplers on field during simulate playing conditions, The sampling was conducted during
the summer under simulated playing conditions. Eight of the 69 VOC were detected, but concentrations were similar
between upwind background and turf fields. None of the SVOCs were detected, including benzothiozole a “chemical
marker” for synthetic rubber. Two of 10 metals were detected, but similar concentrations were found in upwind and grass
field. PM was within background levels upwind and at grass field. The report coneluded that air in the breathing zones of
children above synthetic turf fields did not show appreciable levels from contaminants of potential concern contained in the
crumb rubber and that a risk assessment from exposure through the inhalation route was not warranted.
hitp:/www.nye.gov/html/doh/downloads/pdffeode/turf aqs report0409.pdf

New York State Department of Environmental Conservation May 2009

In 2008, NYDEC conducted a laboratory evaluation of four types of tire-derived crumb rubber to assess the release of
chemicals using the simulated precipitation leaching procedure. Results indicated that zine, aniline, phenol, and
benzothiazole can potentially be release to ground water. Zinc, aniline, phenol were all below standards; there are no
standards for benzothiazole. Lead concentration in the crumb rubber was below federal hazard standard for soil. Risk
assessment for aquatic life indicated that zinc may be a problem for aquatic life. Air samples were collected above fields at
two locations. Many of the analytes detected (s.g., benzene, 1,2,4-trimethylbenzene, ethyl benzene, carbon tetrachloridc)
are commonly found in an urban environment. A number of analytes found were detected at low concentrations (e.g., 4-
methyl-2-pentanone, benzothiazole, alkane chains. Public health evaluation at the two fields tested concluded measured air
levels do not raise a concern for non-cancer or cancer human health Indicators, PM concentrations were not different from

concentrations upwind from the fields. http://www.dec.ny.gov/docs/materials minerals pdffcrumbrubfr.pdf

EPA 2009

The overall objectives of EPA’s study were to evaluate the methodology and protocols for monitoring and analyzing data
needed to characterize the contribution of tire crumb constituents to environmental concentrations and to collect limited
environmental data from playgrounds and synthetic turf fields. EPA analyzed air samples for 56 volatile organic compounds
(VOCs), air particulate matter (PMo) for selected metals and the relative contribution of tire crumb particles to the overall
particle mass, wet surface wipe samples for metals including Pb, Cr, Zn, and others, and turf field tire crumb infill granules,
turf blades, and playground tire crumb materials for metals, The study protocol was implemented at two synthetic turf fields
and one playground. Conclusions: “On average, concentrations of components monitored in the study were below levels of
concern.” Concentrations for many of the analytes were close to background levels. Due fo the limitations of the study, the
authors concluded that “it is not possible to reach any more comprehensive conclusions without the consideration of
additional data.” The study did not evaluate semivolatile organic compounds such as PAHs because of resource limitations.
No exposure or risk assessment was conducted by EPA, Potential exposure pathways include: ingestion of loose tire crumbs
via hand to mouth or surface to mouth; dermal contact; and inhalation exposures of VOCs and PMio.
http://www.epa.govinerl/features/tire_crumbs.htm|

Connecticut Department of Public Health study 2010

Connecticut Department of Public Health conducted a human health risk assessment of artificial turf in 2010. They collected
data from one indoor and four outdoor artificial turf fields, The study focused on two pathways, inhalation of offgassed and
particle-bound chemicals. The study included 27 chemicals (VOCs, sVOCs, leand and PMig). Using conservative
assumptions, Connecticut Department of Public Health Program found that cancer risks are slightly above de minimis in all
scenarios, and two fold higher at the indoor field compared to outdoors and being higher for children than adults. The non-
cancer risk estimate is below unity for all analytes in all scenarios,

hitp://www.ct.govideep/lib/deep/artificialturf/dph artificial turf report.pdf

New Jersey Department of Environmental Protection 2011

In 2009, NJDEP tested 5 artificial turf ficlds. They tested for PM and metals including Pb using wipe samples as well as
stationary sampling and mobile robot sampling. In addition, a 12 year old boy was recruited to simultaneously collect a
personal breathing zone sample. The age of the fields ranged between 1 and 8 years, The testing was done during the

summer time. No levels exceeded guidance or NAAQS values; robot air Pb value on one field was 71 ng/m® (approx 50% of
NAAQS), remainder below 10 ng/m?

Potential Future Activities
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Review additional reports and scientific literature that may provide information on the chemical constituents in artificial

turf, and their bioavailability and toxicity, exposure pathways and factors, and potential human health risks.
Examine more closely all the available data, especially for indoor fields where inhalation exposures may be higher.
Determine if sufficient data exist to conduct

with some of the exposure factors assumptions (e.g., amount of material ingested
sconarios can be developed to determine for example the amount of material that
health level. If an assessment cannot be done, identify key data gaps.

Examine the exposure factor assumptions used by the studies in the literature to evaluate their
Study other factors that may influence exposure levels; for example; the age of the fields,
material that can be inadvertently ingested, p
Examine the literature for microbiological e
playgrounds, ‘

reasonableness.”

uncertainties about the amount of
otential for dermal exposures, and exposure frequency and duration,

xposures and risks from exposures to the materials in these fields and
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Frequently Asked Questions
Artificial Turf Fields

1. What are artificial turf fields (ATFs)?
Artificial turf fields (ATFs) are synthetic alternatives to natural grass fields.
2. What are ATFs composed of?

Components of ATFs include artificial grass fibers (blades), crumb rubber infill, and
sand infill overlaid on a carpet-like backing that holds the turf together. The grass fibers

are typically made of nylon, polyethylene, or polypropylene, and the crumb rubber infill
used to soften the surface is most often made of recycled tires.

3. Are chemicals present in ATF components?

Yes, ATF components, such as crumb rubber infill, have been found to contain
chemicals including semi-volatile organic compounds (including polyaromatic
hydrocarbons, or PAHs), volatile organic compounds (VOCs), and metals.

4. Have studies been done to determine if ATFs impact health?

Several studies evaluating potential exposure opportunities to constituents in ATFs
have been conducted by state (e.g., California, New York, New Jersey, Connecticut)
and federal agencies (e.g., U.S. Environmental Protection Agency), as well as academic
researchers (e.g., Rutgers Robert Wood Johnson Medical Center)

5. How have these studies evaluated exposure opportunities at ATFs?

The studies that have been conducted measured concentrations of chemicals in the air
above ATFs as well as in the components of the ATFs. In addition, some studies have
evaluated the potential for these chemicals to actually enter the body and reach a
susceptible organ (e.g., bioavailability studies).




6. How do public

health agencies evaluate whether exposure can result in
health effects?

stimate health rigks from environmental
exposures.

7. What is a risk assessment?

Exposure assumptions that have been used include assumi
field for 3-5 hours a day, 4-5 days a week, 8-12 months

years (adulf). Such assumptions are designed to be con
case scenarios.

9. What do the available studies that have been conducted on exposure
opportunities to ATFs and health impacts show?

10. What are the findings of studies that e

valuated €xposure opportunities
based on measurements of constituents (

©.9., in air, dust) at ATFs?

health effects were unlikely to occur, These include studies

Connecticut Health Department, the New York State Health Department, and the
California Office of Environmental Health Hazard and Assessment.

11. What are the findings of studies that have evaluated ingestion or
inhalation of, and/or skin contact with constituents in ATFs?

The Rutgers study evaluate

d whether €Xposures to SVOCs or metals in ATF
components might suggest

eXposures of health concern vig ingestion, inhalation, or




dermal contact. They concluded that overall the opportunities for exposure to

constituents in these fields presented very low risk among all populations that would use

ATFs. Authors of a study in the Netherlands reported that results of urine testing

indicted that uptake of PAHs among participants, following playing on an ATF with
crumb rubber infill, was minimal.

12. What were the findings of the Rutgers study with respect to lead?

The Rutgers researchers found that lead concentrations in one of seven ATFs tested
could potentially result in blood lead levels above the U.S. Centers for Disease Control
and Prevention reference value for blood lead in young children (5 ug/dL). It should be
noted, however, that the lead concentration in the materials used in this study included
a sample of turf fiber with a lead concentration of 4,400 mg/kg, well above the US
Consumer Product Safety and Improvement Act limit for lead content in children’s
products of 100 mg/kg.

13. Do all ATFs have lead?

No. Some ATFs are constructed with components that are certified as having no or low
lead content. Use of ATF components that meet the Consumer Product Safety and

Improvement Act limit of 100 ppm for lead in children’s products would minimize
exposure opportunities to lead.

14. What are the findings of studies that evaluated exposures to bacteria?

The California Office of Environmental Health Hazard and Assessment tested for
bacterial contamination at both natural grass fields and ATFs. They found fewer
bacteria detected on artificial turf compared to natural turf, and therefore less likely to
result in infection risks to athletes using ATFs that may have skin abrasions.

18. Have epidemiological studies been conducted to determine if ATF
exposures are associated with the occurrence of cancer in children?

Some recent media reports have raised concerns about the possible association
between playing on ATFs and the development of cancers. It is important to note that
the types of cancers reported are among those that have been more prevalent in
children for many years. To date, no epidemiologic studies have evaluated the
occurrence of cancer among athletes or others who play on ATFs.

16. How common is it for children to get cancer?

Although cancer is much less common among children than older adults, unfortunately
1 in 285 children in the U.S. will be diagnosed with cancer before the age of 20.
Leukemia is the most common cancer diagnosed in children and teens, accounting for
almost 1 out of 3 cancers in this age group. From 1975 to 2010, the overall incidence of
pediatric cancer in the U.S. increased slightly, by an average of 0.6 percent per year.




17. Has the potential for the develo

Pment of cancer been assessed using
standard risk assessment method

s for exposure opportunities associated
with ATFs?

Several studies, including those conducted by officials in New York City, New York
State, Connecticut, California, the U.S. Environm

ental Protection Agency, and Norway,
ancer risk assessments based on opportunities for exposures at
ATFs. These evaluations were based on testing resuits from different kinds of fields

hese risk assessment studies all

i take frequent breaks to reduce
the potential for burns or heat stress.

20. Are there steps that can be taken to reduce exposure opportunities to
ATF components?

Yes. MDPH recommends common sense steps to min
chemicals that m Y be present, such as washing hand
before eating (particularly for younger children with fre
taking off shoes before entering
particles.

imize potentjal exposures to
s after playing on 3 field and

quent hand-to-mouth activity) and
the house to prevent tracking in any crumb rubber

21. Who should | contact for more information?

If you have any questions about ATFs ang health,
Environmental Toxicology Program
Bureau of Environmental Health
Massachusetts Department of Public Health

250 Washington Street, 7! Floor
Boston, MA 02108

617-624-5757

you may contact the following:
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Alternative Infills for Synthetic Turf- Pros and Cons
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=== Considerations for Municipalities and Institutions
UMASS LOWELL

Municipalities, universities, schools and other
institutions frequently need to make decisions about
maintenance and installation of athletic Playing fields.
This may include choosing between natural grass and
Synthetic turf. Factors that may be considered include
cost of installation and maintenance, number of days the
Jfield can be used, likelihood of player injuries,
temperature of the playing environment, and athletes’
exposure to chemicals,

The Massachusetts Toxics Use Reduction Institute
(TURI) at UMass Lowell has worked with municipalities
and other institutions to facilitate the adoption of turf
'management practices that are cost-effective and
Dpreferable for human health and the environment, This
Jact sheet introduces some of the considerations that are
relevant to evaluating natural grass and artificial turf
alternatives. TURI is also developing an alternatives
assessment for sports turf, which will provide a detailed
assessment of these factors,

Principles of toxics use reduction

TURD’s work is based on the principles of toxics use
reduction (TUR). The TUR approach focuses on identifying
opportunities to reduce or eliminate the use of toxic
chemicals as a means to protect human health and the
environment. Projects to reduce the use of toxic chemicals

often have additional benefits, such as lower life-cycle costs,

Children’s environmental health

People of all ages benefit from a safe and healthy
environment for work and play. However, special concerns
exist for children. Children are uniquely vulnerable to the
effects of toxic chemicals because their organ systems are
developing rapidly and their detoxification mechanisms are
immature. Children also breathe more air per unit of body
weight than adults, and are likely to have more hand-to-
mouth exposure to environmental contaminants than adults,!
For these reasons, it is particularly important to make
careful choices about children’s exposures,

Artificial turf: chemicals in infill

Artificial turf is composed of several elements, including
drainage materials, support and backing materials, synthetic
fibers to imitate grass blades, and an infill that takes the
place of soil. A number of concerns exist regarding
chemicals in the artificial grass blades and infill, Here, we
briefly review issues related to chemicals in infill. Toxic
chemicals such as lead are also found in the artificial grass
blades in some cases 2

Crumb rubber infill made from recyceled tires. Crumb
rubber made from recycled tires, also referred to as styrene
butadiene rubber (SBR) infill, is currently the most widely
used type of infill. This type of infill contains a large
number of chemicals that are known to be hazardous to
human health and the environment. These include
polyaromatic hydrocarbons (PAHSs); volatile organic
compounds (VOCs); metals, such as lead and zine; and
other chemicals. Some of the chemicals found in crumb
rubber are known to cause cancer.3 Because of the large
number of chemicals present in the infill, as well as the
health effects of individual chemicals, crumb rubber made
from recycled tires is the option that likely presents the most
concerns related to chemical exposures,

Other synthetic materials, Other synthetic materials used
to make artificial turf infill include EPDM rubber,
thermoplastic elastomers (TPE), and Nike Grind (a
proprietary rubber product made from recycled athletic
shoes). These alternatives are sometimes marketed as safer
alternatives. Relatively little information ig available on the
chemicals present in, or emitted from, these infills.
Preliminary information suggests that these materials do
contain some hazardous chemicals, but that they may
generally pose less of a concern than crumb rubber made
from recycled tires.* There is an urgent need for more
information on these alternatives,

Mineral-based and plant-derived materials, Other
materials used as infill can include sand, cork, and coconut
hulls, among other materials. Again, these materials are
likely to contain fewer hazardous chemicals than crumb
rubber infill made from recycled tires, but the materials have
not been well characterized or studied thoroughly.

The Toxics Use Reduction Institute Is a multi-disciplinary research, education, and policy center established by the Massachusetts Toxics Use Reduction Act of 1989,
University of Massachusetts Lowell ® 600 Suffolk Street, Suite 501 @ Lowell, Massachusetts 01854
Tel: (978) 934-3275 @ Fax: (978) 934-3050 @ Web: www.turi.org




Artificial turf and heat stress

In sunny, warm weather, artificial turf can become much
hotter than natural grass, raising concerns related to heat
stress for athletes playing on the fields. Research indicates
that all synthetic turf reaches higher temperatures than
natural grass, regardless of the infill materials.é

o Areport by the New York State Department of
Environmental Conservation found that surface
temperatures on a synthetic turf field were 35°F to 42°F
higher than those on natural grass.”

° Another study found that the highest temperature
measured on synthetic turf was 60,3°F greater than that
observed on natural grass,?

o In another study, artificial turf fibers reached
temperatures of 156°F under direct sunlight, while the
crumb rubber infill reached 101°F,°

° Measurements taken by sports managers at Brigham
Young University found that the surface temperature of
synthetic turf was 37°F higher than asphalt and 86.5°F
hotter than natural turf, The hottest surface temperature
recorded during the study was 200°F on a 98°F day. Even
in October, the surface temperature reached 112.4°F.10

Irrigation can lower field temperature for a short time. A
study by Penn State’s Center for Sports Surface Research
found that frequent, heavy irrigation reduces temperatures
on synthetic turf, but temperatures rebound quickly under
sunny conditions.!! Another study found that irrigation
could lower temperatures by 10 to 20 degrees, for a period
of at least 20 minutes.'> Another found that irrigation
lowered the surface temperature from 174°F to 85°F;

however, the temperature rebounded to 164°F after 20
minutes,'?

Heat-related illness can be a life-threatening emergency.
Experts note that athletic coaches and other staff need to be
educated about heat-related illness and understand how to

prevent it, including cancelling sport activities when
appropriate.!

Injuries

Injury rates can be affected by a variety of factors, including
the type and condition of the playing surface as well as
equipment used and type and level of sport. Studies show
variable outcomes in the rates and types of injuries

experienced by athletes playing on natural and on artificial
turf.1s

One particular concern is increased rates of turf burns (skin
abrasions) associated with playing on artificial turf, For
example, a study by the California Office of Environmental
Health Hazard Assessment found a two- to three-fold
increase in skin abrasions per player hour on artificial turf
compared with natural grass turf.!® These study authors
noted that these abrasions are a risk factor for serious
bacterial infections, although they did not assess rates of
these infections among the players they studied.

Environmental concerns

Environmental concerns include loss of wildlife habitat and
contaminated runoff into the environment. A study by the
Connecticut Department of Environmental Protection
identified concerns related to a number of chemicals in
stormwater runoff from artificial turf fields. These include
both metals and organic compounds, They noted high zinc
concentrations in stormwater as a particular concern for
aquatic organisms. They also noted the potential for
leaching of high levels of copper, cadmium, barium,
manganese and lead in some cases. The top concerns
identified in the study were toxicity to aquatic life from zinc
and from whole effluent toxicity (WET).!” WET is a

methodology for assessing the aquatic toxicity effects of an
effluent stream as a whole.!8

Current federal and state studies

A number of studies have examined the chemicals present in
synthetic turf, with a particular focus on chemicals found in
crumb rubber made from recycled tires. However, federal
and state officials have identified a need for additional
information, At the time of publication of this fact sheet,
two key government studies are under way.

The California Office of Environmental Health Hazard
Assessment (OEHHA), an office within the California
Environmental Protection Agency, is conducting a three-
year study of the potential health effects of exposure to
synthetic turf as well as playground mats made from
recyocled waste tires. The project began in June 2015 and
will be completed in June 2018. In the study, OEHHA will
review the existing literature on chemicals in synthetic turf
and playground mats; analyze samples of new and used
synthetic turf and playground mats; develop exposure
scenarios; and publish a risk assessment based on this
information. OEHHA will also develop plans for a possible
future study that would examine people’s actual exposures

through measurement of biological specimens or use of
personal monitors,!?

Three federal agencies have also recently begun a one-year
assessment of potential health effects of exposure to
synthetic turf, The agencies working on the study are the
U.S. Environmental Protection Agency (EPA), the
Consumer Product Safety Commission (CPSC), and the
Agency for Toxic Substances and Disease Registry
(ATSDR) within the Centers for Disease Control. Working
with experts at OEHHA and elsewhere, the federal agencies
will identify chemicals of concern found in crumb rubber
made from recycled waste tires, as used in artificial turf
fields and playgrounds; consider exposure scenarios; and
identify areas for future study. The agencies will issue a
draft status report by the end 0f2016.20 As background on
the need for this study, the BPA website notes that, “Limited
studies have not shown an elevated health risk from playing
on fields with tire crumb, but the existing studies do not

comprehensively evaluate the concerns about health risks
from exposure to tire crumb,”2!

Toxics Use Reduction Institute, 2016



Natural grass

Natural grass fields can be the safest option for recreational
space, by eliminating many of the concerns noted above.
Natural grass can also reduce overall carbon footprint by
capturing carbon dioxide. Grass fields may be maintained
organically or with conventional or integrated pest
management (IPM) practices. Organic turf management
eliminates the use of toxic insecticides, herbicides and
fungicides.

Organic management of recreational field space

Organic management of a recreational field space requires a
site-specific plan to optimize soil health and minimize long-
term costs. Over time, a well-maintained organic field is
more robust to recreational use due to a stronger root system
than that found in a conventionally managed grass field.
Water needs also decrease over time. Key elements of
organic management include the following steps.22

o Field construction: Construct field with appropriate
drainage, layering, grass type, and other conditions to
support healthy turf growth, Healthy, vigorously growing
grass is better able to out-compete weed pressures, and
healthy soil biomass helps to prevent many insect and
disease issues.

* Soil maintenance: Add soil amendments as necessary to
achieve the appropriate chemistry, texture and nutrients
to support healthy turf growth. Elements include organic
fertilizers, soil amendments, microbial inoculants,
compost teas, microbial food sources, and topdressing as
needed with high-quality finished compost.

® Grass maintenance: Turf health is maintained through
specific cultural practices, including appropriate
mowing, aeration, irrigation, and over-seeding. Trouble
Spots are addressed through composting and re-sodding
where necessary.

It is important to note that organic turf management requires
proper training. Conventional turf management may follow
a similar protocol each year; organic turf managers make
adjustments based on changing conditions.

Installation and maintenance costs: Comparing
artificial turf with natural grass

In analyzing the costs of artificial vs. natural grass systems,
it is important to consider full life-cycle costs, including
installation, maintenance, and disposal/replacement,
Artificial turf systems of all types require a significant
financial investment at each stage of the product life cycle.
In general, the full life cycle cost of an artificial turf field is
higher than the cost of a natural grass field,

Cost information is available through university entities, turf
managers’ associations, and personal communications with
professional grounds managers. Information is also
available on the relative costs of conventional vs. organic
management of natural grass,

Installation. According to the Sports Turf Managers
Association (STMA), the cost of installing an artificial turf
system may range from $4.50 to $10.25 per square foot, For
a football field with a play area of 360x160 feet plus a 15-
foot extension on each dimension (65,625 square feet), this
yields an installation cost ranging from about $295,000 to
about $673,000. These are costs for field installation only,
and full project costs may be higher. Costs for a larger field
would also be higher,

In one site-specific example, information provided by the
town of Natick, Massachusetts shows that the full project
budget for the installation in 2015 of a new artificial turf
field (117,810 square feet), along with associated
landscaping, access and site furnishings, totaled $1.2
million. 3

For natural grass, installation of a new field may not be
necessary. For communities that do choose to install a new
field, costs can range from $1.25 to $5.00 per square foot,
depending on the type of field selected. For the dimensions
noted above, this would yield an installation cost ranging
from about $82,000 to about $328,000.24

Maintenance. Maintenance of artificial turf systems can
include fluffing, redistributing and shock testing infill;
periodic disinfection of the materials; seam repairs and infill
replacement; and watering to lower temperatures on hot
days. Maintenance of natural grass can include watering,
mowing, fertilizing, replacing sod, and other activities. In
both cases, specialized equipment is needed. Communities
shifting from natural grass to artificial turf may need to
purchase new equipment for this purpose. According to
STMA, maintenance of an artificial turf field may cost about
$4,000/year in materials plus 300 hours of labor, while
maintenance of a natural grass field may cost $4,000 to
$14,000 per year for materials plus 250 to 750 hours of
labor,2

Fifteen acres of playing fields in Marblehead, MA are
managed organically. Annual maintenance costs are
$2,400-$3,000 per 2-acre playing field, not including
mowing costs. Mowing costs for a 2-acre field were
estimated in 2010 to be $10,000 annually. Thus, total
maintenance costs per 2-acre field are $12,400 to $13,000
annually,2

Natural grass maintenance: Conventional vs, organic costs.
Organic turf maintenance can be cost-competitive with
conventional management of natural grass. One study found
that once established, an organic turf managerment program
can cost 25% less than a conventional turf management
program.?’

Disposal/replacement. Artificial turf also requires disposal
at the end of its useful life. STMA estimates costs of $6.50
to $7.80 per square foot for disposal and resurfacing,28
Those estimates yield $426,563-$51 1,875 for a 65,625
square foot field and $552,500-$663,000 for an 85,000
square foot field.

Toxics Use Reduction Institute, 2016



Annualized costs, In 2008, a Missouri Univetsity Extension
study calculated annualized costs for a 16-year scenario.
The calculation included the capital cost of installation;
annual maintenance; sod replacement costing $25,000 every
four years for the natural fields; and surface replacement of
the synthetic fields after eight years. Based on this
calculation, a natural grass soil-based field is the most cost
effective, followed by a natural grass sand-cap field, as
shown in the table below.2? Another study, conducted by an
Australian government agency, found that the 25-year and
50-year life cycle costs for synthetic turf are about 2.5 times
as large as those for natural grass.3

Table 1: Comparison of annualized costs

Field type 16-year annualized costs
Natural soil-based field $33,522
Sand-cap grass field $49,318
Basic synthetic field $65,849
Premium synthetic field $109,013

Source; Brad Fresenburg, “More Answers to Questions about Synthetic Fields
— Safety and Cost Comparison.” University of Missourl.
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I. Introduction

A CAREFUL ANALYSIS OF STUDIES
INDUSTRY USES TO JUSTIFY SARETY CLAIMS

tudies the Synthetic Turf Council and the Synthetic
Turf Industry Say Prove that Fields Are “Safe”

W The synthetic turf industry continually states publicly that
numerous studies show that synthetic turf fields with crumb
rubber infill are safe. Environment and Human Health, Inc.
(EHHI) concluded that those studies needed to be carefully read
and analyzed to see if they actually proved the safety of the fields,

The synthetic turf as they claimed.

industry continually

states publicly that ® The Synthetic Turf Council (STC) continually changes its list of
numerous studies studies.’ The list that EHHI has worked with and analyzed was

show that synthetic compiled by STC in 2016. It has taken a year to analyze the

turf fields with crumb listed studies, which were current when this project was
rubber infill are safe. undertaken.

® The STC lists their studies chronologically, so they appear in this
report in the same way. The website showing the full study, along
with EHHI's summary and analysis of each original study, is

included in this report, The abstract and URL of each study cited
are listed in the Appendix.
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Comments from the Synthetic Turf Council (STC)

® In STC’s Executive summary of March 3, 2016, it states: “In carly
2015, in response to increased public interest in the potential
health effects of synthetic turf sports fields with recycled rubber
infill, the Synthetic Turf Council began compiling a list of available r """"
studies and making them more readily accessible to the public.”* £

A sampling of comments from the synthetic turf industry

8 More than 50 independent and credible studies from groups such
as the U.S. Consumer Product Safety Commission, and statewide
governmental agencies such as the New York State Department of
Environmental Conservation, New York State Department of
Health and the California Environmental Protection Agency, have
validated the safety of synthetic turf...”" - Synthetic Turf Council

W “Studies exist that indicate that exposure to rubber tires is greater
for humans while standing roadside in any urban area than on a
synthetic turf field. The rubber particle size utilized in synthetic
turf fields is too large to be airborne, while the microscopic
particles that come off tires from vehicles as they drive the road arc
microscopic. If tire rubber were ever going to become a concern,
the use of vehicles and exposure roadside would be a tremendous
cause for concern.”* — Mark Nicholls of Turf Industries

EHHI concluded that
those studies needed
to be carefully read
and analyzed...

It has taken a year

to do so.

M “Based on the more than 90 scientific studies that have already
looked into the safety of synthetic turf fields and other surfaces
with recycled rubber infill, we believe the answers are already out
there.”* - Safe Field Alliance and the Synthetic Tutf Council

. http://c.ymcdn.com/sites/www.syntheticturfcounciI.org/resource/resmgr/Docs/S
TC_CRI_ExecSummary2016-0303.pdf

¢ http://www.niaaa.org/assets/Synthetic-turf—is~safe.pdf

2 http://www.businesswire.com/news/home/20170103005986/en/Safe-Fields-
Alliance-Synthetic-Turf-Council-lssue
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Comments from Environment & Human Health, Inc. (EHHI)

B Most of the studies that the STC says proves the fields are safe find
numerous chemicals, some of which are carcinogenic, in the fields,
though some of the studies report that the chemicals ate not at levels
high enough to be available for intake and to cause health issues.

8 What all the studies fail to explain is what it means to be exposed
to multiple chemicals at the same time—even if each individual
chemical is found to be at a low level,

B EHHI has always maintained, and continues to maintain, that a
product that contains as many carcinogens as synthetic turf does is
not safe for children, students or athletes to play on,

Comments from the National Institute of Environmental
Health Sciences (NIEHS)

#  Chemicals can sometimes act together to cause cancer, even when
low-level exposures to individual chemicals might not be cancer-

EHHI has always causing, or carcinogenic,'

maintained, and ‘

continues to maintain, ™ This important finding f:-mel;'ged from an mternatu.mal tasl.«: force of
more than 170 cancer scientists, known as the Halifax Project, who

that a product that : ; ; ;

collaboratively assessed the carcinogenic potential of low-dose
exposures to chemical mixtures in the environment. This is the
concern about synthetic turf with crumb rubber infill, which is

contains as many
carcinogens as

synthetic turf does is why EHHI considers it a danger to human health,

not safe for children,

students or athletes W The following studies are those listed by STC as of 2016 and will be
to play on. listed in chronological order. Each study has been read thoroughly

and summarized with the study’s limitations and EHHIs
conclusions. The otiginal study’s abstract can be found in the
Appendix, along with the original study’s website.

: https://www.niehs.nih.gov/news/newsletter/201 5/1/science-exposure/index.htm
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l. Crumb Rubber Chemicals
A. 1,3 Buiadiene
B. Arsenic
C. Arylamines
D. Benzene
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lIl. Heat Effects

W, Injuries

V. Flame Retardants

VI. Disinfectants and Sanitizers

I. Crumb Rubber Chemicals
A. 1,3 Butadiene

1. "Development of g unit rlsk factor for 1, 34
et al. Risk analysis 29:12 (2009) 1726-1742.

2. "Risk of leukemla In relatlon to exposure to amblent air toxics In pregnancy and early childhoog." Heck, JE, et al,
Intemational journal of hyglene and environmental health 217:6 (2014) 662-688.

3. "Epigenetic alteratlons In liver of C57BL/6J mice after shori-term Inhalational exposure to 1, 3-butadlene," Koturbash, |, et
al. Environmental health perspsciives 1195 (2011) 635,

back to top
butadiene based on an updated carcinogenic toxicity assessment," Grant, RL,

5. "Health risk assessment of personal inhalation exposure to volatile organic compounds in Tianjin, China," Zhou, J, et al,
Sclence of the totaf environment 409:3 (201 1) 452-459,

B. Arsenic baci to top
1. "Arsenic exposure at low-to-moderate levels and skin leslons, arsenic metabollem, neurological functions, and
blomarkers for resplratory and cardiovascular diseases: review of recent findings from the Health Effects of Arsenic
Longitudinal Study (HEALS) In Bangladesh,” Chen, Y, et al, Toxicology and applied Pharmacology 239:2 {2009) 184-192,

2. "Low-dose arsenle compromises the Immune response to Influenza A Infection In vive,® Kozul, CD, et al. Environmental health
perspectives 117:9 (2009) 1441,




3. "Assoclation between exposure to low to moderate arsenic levels and Incldent cardiovascular disease; A prospective
cohort study." Moon, KA., et al. Annals of internal medicine 159:10 (2013) 649-659,

4. "The broad scope of health effects from chronlc arsenic exposure: update on a worldwide public health problem."
Naujokas, MF, et al. Environmental health perspectives 121:3 (2013) 295,

5. "Long-term low-level arsenlc exposure Is assoclated with poorer neuropsychological functioning: a Project FRONTIER
study." O'Bryant, SE, et al. international journal of environmental research and public health 8:3 (2011) 861-874.

6. "Arsenlc exposure and motor function among children In Bangladesh." Parvez, F, et al. Environmental health perspectives
119:11 (2011) 1665.

7. "Increased lung cancer risks are similar whether arsenlc Is Ingested or inhaled." Smith, AH, et al. Journal of exposure
sclence and environmental epidemiology 19:4 (2009) 343-348,

8. "Arsenic exposure transforms human eplthellal stem/progenitor cells into a cancer stem-like phenotype.” Tokar, EJ, BA
Diwan and MP Waalkes. Environmental health perspectives 118:1 (2010) 108.

9. "Health effects of early life exposure to arsenic." Vahter, Marie. Basic and elinical pharmacology & toxicology 102:2 (2008)
204-211.

10. "chl'ney cancer mortallty: fifty-year latency patterns related 1o arsenic exposure." Yuan, Yan, et al. Epidemiology 21:1
(2010) 103-108.

C. Arylamines back to top

1. "Cancer Incldence and mortality among workers exposed to benzidine." Brown, SC, R Alberts, and M Schoenberg.
American journal of industrial medicine 54:4 (2011) 300-306.

2, "Gancer mortality and occupational exposure to aromatic amines and inhalable aerosols In rubber tire manufacturing In
Poland.” de Vocht, F, et al. Cancer epidemiology 33:2 (2009) 94-102.

3. "Establishing a total allowable concentration of o-toluldine In drinking water Incorporating early lifestage exposure and
susceptibllity." English, JC, et al. Regufatory toxicology and pharmacology 64:2 (2012) 269-284,

4. "Blomonitoring of human exposure to arylamines." Richter, E. Frontiers in bio-science 7 (2015) 222-238,

5. "Elevated 4-aminobiphenyl and 2, 6-dimethylaniline hemoglobln adducts and Increased risk of bladder cancer among

lifelong nonsmokers—The Shanghal Bladder Cancer Study." Tao, L, et al. Cancer epidemiology and prevention biomarkers 22:5
(2013) 937-945,

D. Benzene back to top

1. "Urinary blomarkers of exposure and of oxldative damage In chlldren exposed to low alrborne concentrations of
benzene." Andreoli, R, et al. Environmental research 142 (2015) 264-272.

2. "Current understandings and perspectives on non-cancer health effects of benzene: a global concern." Bahadar, H, S
Mostafalou, and M Abdollahi. Toxicology and applied pharmacology 276:2 (2014) 83-94.

3. "Acute chlldhood leukaemia and residence next to petrol stations and automotive repair garages: the ESCALE study
(SFCE)." Brosselin, P, et al. Occupational and environmental medicine 66:9 (2009) 598-606.

4. "Alrways changes related to air pollution exposure in wheezing children." Martins, PC, et al, European respiratory journal
39:2 (2012) 246-253,

5. "Global gene expression profiling of a population exposed to a range of benzene levels,” McHale, CM, et al. Environmental
health perspectives 119:5 (2011) 628,

6. "Effects of toluene and benzene air mixtures on human lung cells (A549)." Pariselli, F, et al. Experimental and toxicologic
pathology 61:4 (2009) 381-386.

7. "Exposure to benzene In varlous susceptible populations: co-exposures to 1, 3-butadiene and PAHs and Implications for
carcinogenic risk." Ruchirawat, M, P Navasumrit, and D Settachan. Chemico-biological interactions 184:1 (2010) 67-76.

8. "Leukemla and benzene." Snyder, R. International Jjournal of environmental research and public health 9:8 (2012) 2875-2893.
9. "Benzene exposure near the US permissible limlt Is assoclated with sperm aneuploldy." Xing, C, et al. Environmental
health perspectives 118:6 (2010) 833.

E. Benzothiazoles back to top

1. "Tire tread wear particles In amblent alr--a previously unknown source of human exposure to the biocide 2-
mercaptobenzothlazole." Avagyan, R, et al. Environmental sclence and pollution research international 21:19 (2014) 11580-8.

2. "Characterization of substances released from crumb rubber materlal used on artificial turf fields." Li, X, et al.
Chemosphere 80:3 (2010) 279-285.

3. "Benzothiazoles In Indoor air from Albany, New York, USA, and Its implications for inhalation exposure.” Wan, Y, J Xus,
and K Kannan. Journal of hazardous materials 311 (2016) 37-42,

4. “Common and consumer products contaln activators of the aryl hydrocarbon (dioxin) receptor.” Zhao, B, et al. PL0S One
8:2 (2013).
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1. “CDC updates guldelines for children's lead exposure.” Environmental health perspectives 120:7 (2012). Betts, KS.
Environmental health perspectives 120.7 (2012),

2. “Lead polsoning in children.” Dapul, H and D Laraque. Advances in pediatrics 61 (2014) 313-333,

3. “The Impact of low-level lead toxicity on school performance among children In the Chicago Public Schools: a
population-based retrospective cohort study.” Evens, A, et al. Environmental health 14 (2015),

4. “Neurobehavloural effects of developmental toxicity.” Grandjean, P and P Landrigan. The Lancet neurology 13:3 (2014) 330-
338.

5. “Low-level environmental lead exposure and Intellectual Impalrment In children — the current concepts of risk
assessment.” Jakubowski, M. International journal of occupational medicine and environmental health 241 (2011) 1-7.

6. “Blood lead concentrations < 10 pg/dL and chlld Intelligence at 6 years of age.” Jusko, TA, et al. Environmental health
perspectives 116:2 (2008) 243-248.

7. "Lead exposures In U.S. children, 2008: implications for prevention.” Levin, R, et al. Environmental heaith perspectives
116:10 (2008) 1285-1293.

8. “Pb neurotoxicity: neuropsychological effects of lead toxicity.” Mason, LH, et al. Biomed research International 2014.

9. “Evaluating and regulating lead In synthetlc turf.” Van Ulirsch, G, et al. Environmental health perspectives 118:10 (2010)
1345-1349.

J. Manganese back to top

1. "Manganese neurotoxicity: Lessons learned from longitudinal studies in nonhuman primates.” Burton NC and TR
Guilarte. Environmental health perspectives 117:3 (2009) 325-332,

2. "Manganese neurotoxlicity: new perspectives from behavioral, neuroimaging, and neuropathological studies in humans
and non-human primates.” Guilarte, TR. Front aging neuroscience 5 (2013).

3. "Manganese neurotoxlicity: a focus on glutamate transporters.” Karki, P, et al. Annals of occupational and environmental
maedjcine 25 (2013).

4. “Mechanisms of lead and manganese neurotoxicity.” Neala, A and TR Guilarte. Toxicology research 2:2 (2013) 99-114.

K. Mercury back to top

1. “Mercury toxicity and treatment: A review of the literature,” Bernhoft, RA. Journal of environmental and public health (2012).

2. "Mercury exposure and children's health.” Bose-O'Rellly, S, et al. Current problems in pediatric and adolescent health care
40:8 (2010) 186-215.

3. "Testlcular toxicity In mercuric chloride treated rats: association with oxidative stress.” Boujbiha, MA, et al. Reproductive
toxicology 28:1 (2009) 81-89.

4. "Mercury and human genotoxicity: critical considerations and possible molecular mechanisms.” Crespo-Lopez, ME, et al.
Pharmacological research 60:4 (2009) 212-220.

5. “Is low-level environmental mercury exposure of concern to human health?” Holmes, P, et al. Science of the total
environment 408:2 (2009) 171-182.

6. “Human exposure and health effects of Inorganic and elemental mercury.” Park, J and W Zheng. Journal of preventive
medicine & public health 45:6 (2012) 344-352,

7. “Environmental mercury and its toxic effects.” Rice, KM, et al. Journal of preventive medicine & public health 47:2 (2014) 74-
83.

L. Phenols back to top

1. “Histopathologle effects of maternal 4-tert-octylphenol exposure on liver, kidney and spleen of rats at adulthood.” Barlas,
N and M Aydofan. Archives of toxicology 83:4 (2009) 341-349.

2. “Exposure of the U.S. population to bisphenol A and 4-tertiary-octylphenol: 2003-2004.” Calafat, AM, et al. Environmental
heaith perspectives 116:1 (2008) 39-44.

3. “Embryonlc exposure to octylphenol induces changes In testosterone levels and disrupts reproductive efficiency In rats
at their adulthood.” Sainath, SB, et al. Food and chemical toxicology 49:4 (2011) 983-990.

4. “An In vivo assessment of the genotoxic potential of blsphenol A and 4-tertiary-octylphenol in rats.” Ulutas, OK, et al.
Archives of toxicology 85 (2011) 995-1001,

5. “Hepatic and renal functlons In growing mal rats after bisphenol A and octylphenol exposure.” Yildiz, N. and N Barlas.
Human and experimental technology 32:7 (2013) 675-688.

M. Phthalates back to top

1. "Childhood exposure to phthalates: associations with thyrold function, Insulin-like growth factor I, and growth." Boas,
Malene, et al. Environmental health perspectives 118:10 (2010).

2. "Phthalate exposure and asthma in children." Bornehag, CG, and E Nanberg. International journal of andrology 33:2 (2010)
333-345,
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(20
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1. "Cadmlum exposure and cancer mortality In the Third National Health and Nutrition Examination Survey cohott." Adams,
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Alternative Infills for Artificial Turf
Fact Sheet

As the health and environmental concerns over the crumb rubber infill' used in artificial turf gain traction
within the USO with increasing reports of its link to cancer, professional athletes and coaches condemning
its use, municipalities and major cities across the country placing bans, politicians voicing concerns, and a
federal multi-agency health study on artificial turf currently underway( manufacturers of artificial turf are
responding with infill alternatives to the traditional crumb rubber infill. There are many new and emerging
variations in the different productsComposition and their manufacturersCklaims with some aimed at
reducing the release of toxic substances, some at heat concerns, etc. Each of these materials offers their own
apparent advantages, disadvantages, and questions[] which are outlined below. Generally, these alternatives
their performance as turf, and their impact on human health and the environment are not yet well studied,
documented, or proven. Ultimately, especially when considered in their larger context as one component of

an artificial turf system, infill alternatives pose greater environmental and health risks than natural grass
turf,

3

Artificial turf infill: Artificial turf infill is the material used in an artificial turf system to hold artificial
grass blades upright and to cushion the surface. Crumb rubber has long been the industry standard for infill

material. As a result of the increasing environmental and health concerns associated with crumb rubber, the
artificial turf industry is producing infills made from alternative materials,

Alternative infill materials: Alternative infill products generally consist of one or more of the following
components:

Silica sand: Sand is generally combined with other infill components listed below at various ratios (though
it is also occasionally used on its own with a shock pad).

® Toxicity: The crystalline silica sand that is generally used in artificial turf infill contains silica dust,
which can cause silicosis (hardening of the lungs through inflammation and the development of scar
tissue) and cancer when inhaled. Crystalline silica is known by the state of California to cause
cancer”" OSHA recently finalized stricter rules for occupational exposure to crystalline silica dust;'
and the International Agency for Research on Cancer (TIARC) has classified silica as a carcinogen,"
However, there are currently no standards for non-occupational exposure and silica sand is used
frequently in playgrounds and artificial turf fields.

° Performance: Silica sand is abrasive and relatively hard, especially under cold or frozen
conditions,"

Thermoplastic Elastomers (TPEs):" TPE is a generic term for extruded plastic pellets made from a rubber
and plastic polymer. While TPEs are often advertised as made firom QirginO(not recycled) materials, there
is wide variability amongst the quality and chemical makeup of the many TPEs on the market.""
° Toxicity: While many TPEs are advertised as fice of lead, zinc, and other toxic materials, some have
been shown to contain heavy metals. TPEs are often composed of ethylene, butadiene, and styrene
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copolymers, Vi Styrene and butadiene, two of the main components in crumb rubber, are classified as
carcinogens by the World Health Organization. The effects of human exposure to these substances
from tutf infill are not adequately studied.* Dangerous chemical [Fillers,0UV stabilizers, and flame
retardants are often added, Very few toxicological and risk assessment studies exist, leaving
insufficient data on the composition, off-gassing, leaching, and associated health effects *

° Temperature stability and performance: There is no consistency amongst TPEs for these
categories. Generally, TPE hardens over time. Many TPE fields that have been installed have had
to be replaced due to the low melting point of the material resulting in a (Fum-like substance that
sticks to cleats and sticks the [grass] fibers together, [

© Industry examples: EcoGreen, Eco Max, BionPro, FutrFill

EPDM Rubber (Ethylene Propylene Diene Monomer): EPDM is a synthetic rubber polymer that can be
made from either FirginCor recycled rubber.*" However, it is a similar material to SBR rubber, the
standard crumb rubber infill, EPDM is a generic term and the source, formulation, and quality can vary
greatly,

° Toxicity: Some studies show that newly manufactured rubber also contains levels of hazardous
substances; in the case of zine and chromium the levels of recycled and newly manufactured rubber
are comparable.” EPDM rubber can be similar in composition to crumb rubber™ and also contains
UV stabilizers, flame retardants, and other chemical additives.™ Very little analysis has been done
on EPDM as an infil], Vil

® Temperature and Performance: EPDM is often produced in lighter colors to reduce heat
concerns.®*

are reports of premature aging and degradation of the infill due to high levels of chemical Millers, Wi

Acrylic/Polymer Coated Sand: Silica sand coated in acrylic or another
the polymer coatings vary by manufacturer.

® Toxicity: The polymers used to coat the silica sand vary greatly. Some contain

other toxins.™" Limited data is available and coatings are thought to contain ad
concern, ™"

° Temperature stability and performance: Reported to stay approximately 20 degrees cooler than
crumb rubber, but to get hotter than natural grass.™ ™ Both the acrylic coating
hard and require a shock pad and are recommended to be combined with a softe
Resiliency and shock absorption, ™"

° Additional issues: Coating is reported to dissolve in water and
guarantee. Sand particles can [gelOtogether, vixxii

polymer. The chemical contents of

heavy metals and
ditional chemicals of

and sand are very
r filler material. Low

not last as long as manufacturers

Recycled Sneakers: Ground athletic shoes and leftoy

marketed as safer than crumb rubber because they m,
consumer goods.

° Toxicity: The actual composition of the rubber and other materials in
tually known, but is thought to be very similar to that of cr
Similar chemical CXposures to carcinogens and neurotoxins
suspected,™* 0 xxi

° Performance: Reported to cayse contact injuries™" and hold static charge, sticking to clothing and
equipment.*™" Can also cause extrome heat exposure v

er materials from sneaker manufacturing that are
eet restricted substance standards set for wearable

the sneakers used is not
umb rubber. May contain heavy metals.
as those from crumb rubber are
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Organic materials: Several municipalities concerned with the health risks of crumb rubber have decided to
install artificial turf fields with organic infill materials. These infills consist of any combination of one or
more of the following: coconut fiber, coconut husk, coconut peat, cork, rice husks, walnut shells, etc.

e Toxicity: No apparent chemical toxicity in the infill materials themselves. However, other
components of an artificial turf system (including polypropylene fiber carpets and SBR shock pads).
Organic materials may also require treatment with pesticides, insecticides, antimicrobials or anti-
static chemicals, ™ V!

° Temperature: Reported 20-50 degree cooler than crumb rubber, though still higher than natural
grass.m""

 Performance: Weather can impact playability as organic materials become saturated and freeze.
Reports of early degradation and compaction, 1

® Other Issues: Organic infills require irrigation and regular maintenance, including de-compaction
twice a year and replacement of 10% of infill every 2-3 years.”™" Materials harden, blow away, and
floatO leading to migration and accumulate in waterways, reduced performance capability and

higher potential for injury. There is potential for weed and mold growth and decomposition. Not
recommended for flood prone areas, i ¥l

Variations: examples of variations on these materials includel]

e Coated crumb rubber: marketed as BaferTJand more heat resistant than crumb rubber, Crumb
rubber may be coated with EPDM, colorants, or other sealants. The coatings may contain additional
chemicals of concern; and their effectiveness in [sealingUoff the toxins in crumb rubber has not
been well studied. ¥

° Extruded Cork Composite (ECC): Natural cork, polyethylene and elastomers. These composites
contain many of the same harmful chemicals in other plastic and rubber alternatives."

Summary and Recommendations: Very few toxicological and risk assessment studies regarding the health
and environmental impacts of emerging alternative infill options have been completed but from the data that
is available there are many concerns to be had. While there is insufficient data on the chemical composition,
off-gassing, leaching, and associated health and environmental effects that may result, the data that is
available demonstrates many reasons for concern. For these reasons, the precautionary principle should be
used to avoid the unnecessary and potentially devastating harms to those who would come in direct contact
with the infills and the environment surrounding them.

All alternative infill options are significantly more expensive than traditional crumb rubber; with all
artificial turf systems (including those with crumb rubber infill) costing more than natural turf grass.*"
There is no proven record of the durability, performance, and lifespan of these infills to warrant the cost]
and many anecdotal references from schools and municipalities throughout the country illustrate flaws.

While shock absorption and temperature stability of different alternative infills vary, natural grass fields are
still preferable and safer playing surfaces for athletes. And while organic infill materials will likely
eliminate most or all chemical exposure concerns due to the infill itself, other components of an artificial
turf system are still likely sources of chemical exposure to players and surrounding ecosystems, in addition
to other environmental concerns( including increased stormwater due loss of pervious surface and/or
evapotranspiration; toxins leaching from synthetic grass fibers and/or pads; migration of infill materials and

turf ﬁbers)d into waterways; leaching of algaecides, pesticides, disinfectants; and an increased greenhouse gas
footprint,*"'

Overall, when considering health, the environment, and the costs0 natural grass turf is safer choice.
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