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Technical Memorandum
To: Rachel Kwok, Environmental Planner Date: September 9, 2025

Community Development Department
City of Santa Monica

From: WSP USA, Inc.

Subject: Analysis of Artificial Turf Fields Proposed for the Memorial Park Expansion and
Redevelopment Project

1. Introduction

The City of Santa Monica (City) is proposing to renovate and expand Memorial Park (Park) located at
1401 Olympic Boulevard to better meet the City’s existing need for recreational facilities. The
proposed Project is based on direction provided during an extensive community outreach process
that the City conducted during the development of a Conceptual Master Plan for the Park. With the
City’s focus on better serving the community’s demands, the proposed Project would involve the
development of modernized public recreation facilities, improved accessibility to park amenities,
and enhanced community gathering spaces.

Key components of the proposed Project include the following, which will be developed in phases:

• Two synthetic turf combo fields (two playing fields per combo field);
• Three natural grass youth fields (one fast-pitch softball and two baseball fields);
• Four rooftop tennis/pickleball courts;
• A new Community Hub Building and the replacement of the children’s playground with a new

universally accessible playground;
• Renovation and expansion of the skate park;
• Replacement of the existing community recreation center with a new community recreation

center; and
• New covered parking lot and passenger loading zone.

The City of Santa Monica is preparing an Environmental Impact Report (EIR) to evaluate the
potential environmental impacts resulting from the implementation of the proposed Memorial Park
Redevelopment and Expansion Project (Project).

Pursuant to California Environmental Quality Act (CEQA) Guidelines Section 15063, the City
prepared an Initial Study (IS) that determined the proposed Project would result in potentially
significant impacts requiring evaluation in this EIR pertaining to air quality; cultural and tribal
resources; and hazards and hazardous materials. The City also performed a public scoping
process consistent with CEQA Guidelines Section 15083. On February 27, 2025, the City published
the Notice of Preparation (NOP) to provide the public an opportunity to comment on the scope of
the EIR. The City also provided the NOP to Federal, State, and local agencies, neighborhood
groups, and all occupants and owners within the vicinity of the Project site. The NOP comment
period ran from February 27, 2025 through April1, 2025. Additionally, the City conducted a Public
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Scoping Meeting for the EIR on March 12, 2025 to describe the Project and the environmental
review process, and to receive public comment on the scope and content of the EIR. The scoping
process assisted the City in determining potentially significant environmental impacts of the
Project thereby narrowing the focus (or scope) of the environmental analysis in this EIR.

In response to the NOP, the City received a number of scoping comments expressing concern
regarding the two proposed synthetic turf combo fields as well as the use of plastics in the
proposed universally accessible playground.

2. Overview of Artificial Turf Materials

Artificial turf is a synthetic surface material engineered to mimic the appearance of natural grass.
This product has become an increasingly popular (Jastifer et al. 2019), cost-eƯective alternative to
fields and lawns in California because it does not require irrigation, fertilizer and pesticide
application, or mowing (Synthetic Turf Council [STC] 2022). Artificial turf is versatile and can be
used for lawns, sports fields, landscaping, interior design, playgrounds, pet parks, and building
rooftops (STC 2022, 2011). Modern artificial turf fields resemble natural grass in both look and feel
(STC 2022).

Artificial turf is a simple-looking
product made of plastic grass-like
blades attached to a backing. Turf
Factory (2019) describes the
production of artificial turf as using
a sewing process called tufting (Turf
Factory 2019). First, resin is
combined with additives to form a
versatile, “taƯy-like” mixture. Next,
this mixture is extruded and
stretched into blade-like fibers that
can be woven and spooled just like
a natural fiber (Turf Factory 2019).
These artificial turf blades, most
commonly made of polyethylene
(Jastifer et al. 2019), are then woven
into a backing, which typically consists of polyester or polypropylene (Kolitzus 2007). This backing
is further coated with polyurethane to provide strength and produce a mat similar to carpet (Jastifer
et al. 2019; Turf Factory 2019). The blades and backing are the primary components of artificial turf
required to cover the surface it is placed upon (Jastifer et al. 2019). Artificial turf may include
additional materials, depending on the intended use. Layers of hidden material underneath the
surface aid in drainage and provide padding but are not required (Jastifer et al. 2019). Infill material
between the blades – most commonly rubber or silica sand – also provides cushioning (Jastifer et
al. 2019; STC 2022).

The use of infill material most easily distinguishes artificial turf designed for sports from turf used
for aesthetics or domestic purposes (Hann et al. 2018). Infill material may help prevent injury during
sports played on artificial turf fields but may not be necessary for installations with less cushioning
needed, such as residential yards or interior designs (Jastifer et al. 2019). This report does not

Figure 2. Typical artificial turf materials (Kamal 2019)
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examine the makeup of infill material but focuses solely on artificial turf itself – the plastic, grass-
like blades and the backing they are attached to.

3. Previous CEQA-Compliant Analyses of Artificial Turf

The increasing use of artificial turf has raised concerns regarding its potential to expose humans
and the environment to hazardous chemical constituents. However, given the emerging nature of
these concerns around artificial turf fields, the instances in which they have been analyzed in the
context of CEQA is extremely limited. Further, as discussed below, the conclusions of the scientific
literature are not always in agreement and regulatory agencies have not established clear
guidelines for evaluating the significance. CEQA Guidelines Section 15151 states:

“An EIR should be prepared with a suƯicient degree of analysis to provide decision makers
with information which enables them to make a decision which intelligently takes account
of environmental consequences. An evaluation of the environmental eƯects of a proposed
project need not be exhaustive, but the suƯiciency of an EIR is to be reviewed in the light of
what is reasonably feasible. Disagreement among experts does not make an EIR
inadequate, but the EIR should summarize the main points of disagreement among the
experts. The courts have looked not for perfection but for adequacy, completeness, and a
good faith eƯort at full disclosure.”

Based on a review of recently completed CEQA-compliant documentation, potential hazards
materials impacts related to artificial turf have been addressed in response to comments on the
Final EIR for Harvard-Westlake River Park Project (State Clearinghouse [SCH] No. 2020090536) and
the Final EIR for Terra Linda High School Capital Improvements Project (SCH No. 2023080737).
Further, potential hazardous materials impact related artificial turf was also addressed in a Notice
of Impending Development (NOID) (USC-NOID-0002-23) (Baseball Stadium Turf) submitted to the
California Coastal Commission (CCC). The Final EIR for Harvard-Westlake River Park Project
includes perhaps the only comprehensive technical study evaluating PFAS in support of CEQA-
compliant documentation. No CEQA-compliant analyses appear to have discussed the potential
direct and indirect eƯects related to microplastics.

This technical memorandum summarizes the findings of Final EIR for Harvard-Westlake River Park
Project, including the Summary of Artificial Turf Studies on Human Health (2021) and the Analysis of
Artificial Turf Fields for Proposed Harbard-Westlake River Park Athletic Fields (2022), and addresses
the results of new studies and emerging regulations related to PFAS. Additionally, this technical
memorandum similarly addresses recent studies regarding microplastic degradation and transport
related to artificial turf fields. Finally, this technical study provides recommendations for mitigation
measures to be included in the EIR for the proposed Project.

3.1. Summary of Artificial Turf Studies on Human Health

The following discussion was excerpted from the Summary of Artificial Turf Studies on Human
Health (2021) and provides a summary of scientific studies – including from government agencies
and studies that utilize government agency analysis methodologies on artificial turf. These studies
address potential eƯects on human health from exposure to the chemical constituents in artificial
turf materials.
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Specific health impacts related to PFAS and microplastics are addressed in Section 4, Per- or
Polyfluoralkyl Substances (PFAS) and Section 5, Microplastics, respectively.

3.1.1. 2007 Integrated Waste Management Board Study

In 2007, the California Integrated Waste Management Board (now known as the California
Department of Resources Recycling and Recovery or CalRecycle) published a report prepared
under contract by the state’s OƯice of Environmental Health Hazard Assessment (OEHHA)
assessing potential risks to children using outdoor playground and track surfaces constructed from
recycled waste tires (CalRecycle/OEHHA 2007). The report, titled Evaluation of Health EƯects of
Recycled Waste Tires in Playground and Track Products, evaluated health risk associated with
children’s potential exposure to chemicals in the play surfaces via: (1) ingestion of the loose rubber
tire shreds using existing literature and through a gastric digestion simulation experiment
conducted as part of the study; (2) ingestion as a result of hand-to-surface contact followed by
hand to mouth exposure; and (3) skin sensitization as a result of dermal contact. This study did not
consider the inhalation route in estimating exposure because the playgrounds that were the
subjects of this study were outdoors and it was considered that any semi-volatile organic
compounds (SVOCs) and volatile organic compounds (VOCs) from the rubber surfaces or fine
particles becoming resuspended would enter the atmosphere and quickly disperse, precluding the
inhalation of significant amounts. The following summarizes the risk associated with each exposure
pathway:

 Ingestion of loose tire shreds based on review of existing literature. Based on review of
46 studies of chemicals released from tire shreds in laboratory settings and field studies, 49
chemicals were identified. The study used the highest concentration of each chemical
identified to evaluate non-cancer and cancer health risks to a typical 3-year-old child
resulting from the one-time ingestion of 10 grams of tire shreds. This is considered a
conservative analysis since it uses maximum chemical concentrations across all 46
studies, even though concentrations vary significantly across the studies for any given
chemical. For non-cancer risks, the study found that only exposure to zinc exceeded its
health-based risk screening level. The hazard index based on all chemicals identified except
zinc is 1.8, while that involving zinc is 6.9. However, OEHHA concluded that it is unlikely that
exposure would produce adverse health eƯects because symptoms related to zinc
ingestion develop over a period of weeks when zinc is ingested daily. In addition, the
ingested dose of zinc would be less than the Recommended Dietary Allowance of 3
milligrams per day (mg/day) and the Tolerable Upper Intake Level of 7 milligrams per day
(mg/day) for a 3-year-old child. At most, some gastrointestinal distress may be expected as
a result of ingestion of such levels of zinc. Further, the amount of zinc leaching from
ingested rubber could be substantially less than what was used in the calculations based
on the gastric digestion simulation, described below. OEHHA concluded that since the
hazard index based on all chemicals except zinc is close to 1, the first tier screening level
assessment does not indicate that ingestion of 10 grams of tire shreds would represent a
serious non-cancer health risk. Seven of the chemicals identified in the tire shreds would
contribute to cancer risks, and the increased cancer risk to children less than 2 years in age,
resulting from ingestion of 10 grams of tire shreds, would be 1.2 in 10 million, which is less
than the de minimis level of 1 in 1,000,000. Due to slower respiratory rates and increased
body weight of older children and adults, the increased cancer risk would be lower to those
populations as compared to children less than 2 years in age.
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 Ingestion of loose tire shreds based on gastric digestion simulation. A gastric digestion
simulation experiment conducted by OEHHA detected 22 chemicals released from tire
shreds after they were incubated for 21 hours at 37 degrees Celsius (°C) (98.6 degrees
Fahrenheit [°F]) in a solution mimicking the gastric environment. Similar to the above
assessment, the study used the concentration of each chemical detected to evaluate non-
cancer and cancer risks to a typical 3-year-old child resulting from the one-time ingestion of
10 grams of tire shreds. For non-cancer risks, the study found that none of the chemical
concentrations exceeded the health-based screening level. The hazard index for the mixture
was 2.2, and OEHHA concluded that since the hazard index is close to one and risk
assessment has conservatism built into the process, the first-tier screening level
assessment does not indicate that ingestion of 10 grams of tire shreds would represent a
serious non-cancer health risk, suggesting a low risk of non-cancer acute health eƯects.
Five of the chemicals detected in the extract would contribute to cancer risks, and the
cancer risk resulting from ingestion of 10 grams of tire shreds would be 3.7 in 100 million,
which is considerably less than the de minimis level of 1 in 1,000,000.

 Ingestion through hand-to-surface-to-mouth activity. To evaluate health risks associated
with ingestion of chemicals picked up on the hands and subsequently ingested, OEHHA
performed wipe sampling of three in-use playground surfaces containing recycled tire
rubber. Of the chemicals analyzed, only zinc and four polycyclic aromatic hydrocarbons
(PAHs) (chrysene, fluoranthene, phenanthrene, and pyrene) were identified at levels that
were at least three times background levels (i.e., ambient air conditions), and all
concentrations were below chronic screening values, suggesting a low risk of adverse non-
cancer health eƯects. Only one of the PAHs (chrysene) is a potential carcinogen. Assuming
that youths, age 1 to 12, would use the playgrounds, the increased cancer risk resulting
from chrysene would be 2.9 in a million. While this increased cancer risk level is slightly
higher than the de minimis level of 1 in 1,000,000, OEHHA concluded that there was not a
public health concern because this small magnitude of increased risk is at the low end of
the acceptable range of 1 in 1,000,000 to 100 in 1,000,000.

 Skin sensitization to surfaces made of recycled tire. Natural rubber contains latex, a
proven skin sensitizer. OEHHA contracted with a laboratory to perform skin sensitization
testing of tire-derived surfacing, and found that these surfaces would not cause skin
sensitization in children, nor would they be expected to elicit skin reactions in children
already sensitized to latex.

In addition, the OEHHA study reviewed soil and air quality data obtained after a fire in a playground
surface made of chipped tires at the Yulupa Elementary School in Sonoma County. Although soil
sampling showed detectable levels of metals, VOCs, PAHs, dioxins, and furans, the concentrations
were at or below background levels, indicating a low risk to the environment. The air above the burn
site was judged by the U.S. Environmental Protection Agency (USEPA) to pose no health risks to
cleanup workers, and the soil/rubber mixture removed from the site was judged to be a
nonhazardous waste suitable for disposal in a designated Class III disposal facility.

3.1.2. 2009 OƯice of Environmental Health Hazard Assessment Study

In 2009, OEHHA published a report assessing the health eƯects associated with chemicals
measured in the air above artificial turf fields (OEHHA 2009). The report, titled Chemicals and
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particulates in the air above the new generation of artificial turf playing fields, and artificial turf as a
risk factor for infection by methicillin-resistant staphylococcus aureus (MRSA), Literature review
and data gap identification, discussed the results of five studies that measured chemical and/or
particulate concentrations above artificial turf fields and three studies that analyzed gaseous
emissions from tire-derived crumb rubber in a laboratory setting. The study included a human
health risk evaluation to assess the increased lifetime cancer risk and risk of
developmental/reproductive toxicity resulting from inhalation of VOCs and PAHs by soccer players,
ages 5 to 55 years, playing on artificial turf with tire derived infill.

The most complete data set was from a study of indoor stadiums conducted in 2006. Using the
highest concentrations detected, OEHHA calculated the increased lifetime cancer risk from
inhalation for the eight potential carcinogens identified in that study. The risk evaluation concluded
that five of the eight chemicals were associated with an increased cancer risk above the de minimis
level of 1 in 1,000,000: benzene, formaldehyde, naphthalene, nitro methane, and styrene. The
increased cancer risk associated with these compounds ranged from 1.6 in 1,000,000 for
formaldehyde to 8.7 in 1,000,000 for nitromethane which is at the low end of the acceptable range
of 1 in 1,000,000 to 100 in 1,000,000. The risk evaluation also states that two of the chemicals
identified in the 2006 Norway study are known to cause developmental/reproductive toxicity:
benzene and toluene. However, the chemical intake of these compounds via field air was well
below the maximum allowable dose level for each chemical.

The measured chemical concentrations of the 2006 study may be higher than would occur
outdoors because the samples were obtained from indoor fields where air dispersion would not be
as great. Indeed, as analyzed in the 2019 USEPA study, described below, indoor concentrations of
SVOCs ranged from 1.5 to 10 times higher than outdoor measurements (USEPA et al. 2021a,
2021b). Further, the height of the sampling was not documented, and no background samples were
collected to demonstrate whether the observed chemical concentrations resulted from the
artificial turf, or could be representative of background conditions. Regardless, the OEHHA study
concluded that further studies of the chemicals present above artificial turf fields is warranted to fill
the data gaps.

3.1.3. 2010 California Department of Resources Recycling and Recovery Study

In 2010, CalRecycle published a report assessing the human health risks posed by VOCs and
particulates in the air above outdoor artificial turf fields containing recycled crumb rubber infill. The
report documenting this study is titled Safety Study of Artificial Turf Containing Crumb Rubber Infill
Made from Recycled Tires: Measurements of Chemicals and Particulates in the Air, Bacteria in the
Turf, and Skin Abrasions Caused by Contact with the Surface. The report was produced under
contract by OEHHA.

For the evaluation of VOCs, OEHHA conducted air sampling at a height of 4 feet above four artificial
turf athletic fields in California’s Central Valley, as well as at nearby grass turf fields for comparison
purposes. Locations in California’s Central Valley were chosen based on the probability that
summer daytime temperatures would exceed the target temperature for air sampling of 90 °F. The
fields were sampled on multiple summer days, at times ranging from the cool early morning to the
heat of the day in the afternoon. The age of the artificial turf fields sampled ranged from eight
months to five years at the time of sampling. Sampling for VOCs above the outdoor artificial turf
fields identified few VOCs, and none were consistently identified in all of the eight air samples



7

collected per field. Further, none of the concentrations were consistent between the four fields
sampled. However, comparison of the sampling results for the artificial turf to the results for the
grass turf suggests that seven VOCs originated from the artificial turf, including 2-propanol,
cyclohexane, toluene, m,p,o-xylenes, isopropylbenzene, 4-ethyltoluene, and 1,2,4-
trimethylbenzene. A human health risk evaluation was conducted for these seven VOCs, and
concluded that all exposures were below non-cancer, health-based screening levels. None of the
seven VOCs are known to have a risk of causing cancer, and therefore cancer risks were not
evaluated. Although artificial turf field temperatures increased by 34 to 55 °F over the course of the
day, there was no correlation between the surface temperature and the VOCs detected above the
artificial turf fields.

For the evaluation of particulates, permission was obtained from three San Francisco Bay Area
cities to perform air sampling at city fields during soccer games or practices. All three fields
consisted of new generation artificial turf containing crumb rubber infill made from recycled tires.
Fields #1, #2 and #3 were 26, 8 and 3 months old, respectively, at the time of air sampling. Each
artificial turf field contained a marked soccer field. The air was sampled above the three artificial
turf fields for 3 hours during active field use (soccer practice); and for comparison purposes,
ambient air was sampled upwind of each field during a consecutive 3-hour period. Air sampling
was performed at a height of four feet above the ground to approximate the breathing height of
children. Each field and upwind location were sampled on two consecutive days, yielding two field
samples and two upwind samples per field. PM2.5 concentrations and associated metals
concentrations were determined for each sample. For two of the fields, the weight of PM2.5 was less
than detection limits and for the third field, the weight of PM2.5 was similar in the sample from above
the field and from upwind of the field. Samples from two fields that were analyzed for elements
contained sodium, calcium, potassium, chlorine, and sulfur, and the concentrations were similar in
the samples collected from above the field and upwind of the field. Other elements, including
heavy metals, were not detected in any of the air samples. On the basis of these results, the study
found there is no public health concern related to particulate matter or heavy metals associated
with particulate matter at the artificial fields.

Although the risk evaluation did not identify health risks associated with VOC and particulates
above the artificial turf fields, the risk evaluation did not consider certain variables that could aƯect
the generation of VOCs and particulates at artificial fields, including field age, method of processing
the tire rubber, and the source of the tire stocks.

3.1.4. 2017 Gradient Study

A research study was published in 2017 in Environmental Research, a peer-reviewed environmental
science and health journal. The study, titled Comprehensive multi-pathway risk assessment of
chemicals associated with recycled (“crumb”) rubber in synthetic turf fields, conducted a
comprehensive review of the literature to identify studies containing information about the
concentrations of chemicals in recycled rubber or air sampling data to be used in the study’s risk
assessment (Peterson et al. 2018). The study focused on data collected from North American
rubber recyclers or synthetic turf fields and studies that evaluated either the chemical composition
of recycled rubber, potential air emissions from recycled rubber, or the bioaccessibility of
chemicals from recycled rubber.
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The data included were representative of diƯerent environmental conditions present during the use
of synthetic turf fields. The data used in the risk evaluation included recycled rubber composition
data from both virgin and aged synthetic turf fields, as well as indoor and outdoor fields, and air
samples collected at indoor and outdoor fields. The list below summarizes the numbers of studies
and samples that were compiled for the study:

 Number of Studies with Data: 37 recycled rubber composition studies; 7 outdoor air
studies; 2 indoor air studies.

 Number of Samples: 130 from the recycled rubber composition studies; 76 from the
outdoor air studies; 17 from the indoor air studies.

 Number of Chemicals Evaluated: 139 from the recycled rubber composition studies; 213
from the outdoor air studies; 172 from the indoor air studies.

The study used the compiled data and conducted a screening-level analysis to identify the
chemicals of potential concern (COPCs) for the risk assessment. The study compared the
maximum detected concentrations of chemicals found in recycled rubber and air samples (the 95
percent upper confidence limit on the mean [UCLM] or the maximum detected concentration in the
dataset) against USEPA's risk-based Regional Screening Levels (RSLs) for residential soil (in the
absence of any recycled-rubber-specific screening criteria) and air. The USEPA RSL screening
guidelines31 indicate that a target hazard quotient (HQ) of 0.1 should be used for multiple chemical
risk evaluations; therefore, the study used the USEPA RSLs for which non-cancer hazards are
calculated with a target HQ of 0.1. For cancer risks, the study used the RSLs that were calculated
with a target risk of 1 in 1,000,000 in accordance with the USEPA RSL screening guidelines. The
USEPA RSLs are risk-based values derived from equations, exposure parameters and factors that
represent Reasonable Maximum Exposure (RME) conditions for long-term/chronic exposures. 32
RME conditions are conservative for screening for recreational exposure scenarios because the
exposure frequency and duration for soccer players and spectators (the receptors of concern in the
study’s risk assessment) are lower than those for typical residential exposures. USEPA's RSLs are
designed to address chronic eƯects. However, because acute eƯects generally occur at higher
exposures levels, the study considered RSLs to be protective of acute eƯects as well. Analytes with
maximum concentrations above the selected risk-based screening criteria were retained as COPCs
for the risk evaluation.

The study evaluated several exposure scenarios to account for the variety of people (i.e., receptors)
that might interact with recycled rubber via artificial turf and represent RME conditions. The
receptors associated with outdoor scenarios included: youth outdoor soccer player (ages six to 18
years); adult spectator; and child spectator. The exposure pathways for the youth soccer player and
child spectator included incidental ingestion, dermal contact, and inhalation. The exposure
pathway for the adult spectator included inhalation.

In order to provide context for the risk assessment, the study evaluated the same exposure
scenarios described above using 95th percentile background levels of chemicals found in natural
soil, noting that many of the chemicals often found in recycled rubber (e.g., heavy metals, PAHs)
are also found in natural soil. The study obtained soil metal concentrations from the U.S.
Geological Survey (USGS). PAH data were obtained by averaging the 95th percentile values from a
variety of studies (refer to the study for a list of the sources used). The PAH data was obtained from
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urban, suburban, and rural locations in multiple states and were averaged to obtain the values used
in the risk assessment. The study notes that the natural soil field risk assessment was prepared to
provide context for the recycled rubber results and does not represent a site-specific assessment
of risks or hazards associated with any specific natural soil field. Soil concentrations of chemicals
vary widely from location to location, and the evaluation only considered a subset of chemicals
actually found in soil. Pesticides, fertilizers, inorganic constituents other than metals (e.g.,
nitrates), and numerous other chemicals are not included in the natural soil evaluation.

The study quantified risks separately for carcinogens with mutagenic modes of action, to account
for potentially increased susceptibility to mutagenic carcinogens during early life based on USEPA
guidance (USEPA 2005). Exposure frequency and duration for outdoor spectators and soccer
players was based on the use of artificial turf fields for four days per week throughout the spring,
fall, and summer (eight months in a year) for a soccer match or practice. The study obtained toxicity
factors from a hierarchy of sources. The primary source of toxicity factors was USEPA's Integrated
Risk Information System (IRIS), with additional toxicity values obtained from USEPA's Provisional
Peer-Reviewed Toxicity Values (PPRTVs), followed by tertiary sources such as the Health EƯects
Assessment Summary Tables (HEAST), the Agency for Toxic Substances and Disease Registry
(ATSDR), or the California Environmental Protection Agency (CalEPA). The toxicity factors used are
consistent with those used in the USEPA RSL.

The results of the analysis in the study found that for recycled rubber fields, the cancer risks for all
modeled receptors were below the USEPA de minimis risk of 1 in 1,000,000. The highest identified
excess cancer risks were for the child spectator scenario, at 0.9 in 1,000,000. The study found that
in most cases, the chemicals that contributed the most to the calculated cancer risks are as
expected given the composition of recycled rubber – generally PAHs (e.g., benzo[a]pyrene), arsenic,
and organic compounds that have previously been associated with recycled rubber (e.g., 1,3-
pentadiene, formaldehyde). The study found that non-cancer target-organ-specific Hazard Indices
for all modeled receptors were also below USEPA's acceptable hazard guidelines (e.g., Hazard
Index < 1). As with the cancer risks, the chemicals contributing substantially to the non-cancer
hazards were mostly as expected: metals such as thallium and cobalt, as well as 4-t-octylphenol,
an organic chemical used in the manufacture of rubber products.

The results of the natural soil field analysis were similar to the results of the recycled rubber field
analysis with metals and PAHs contributing the most to the incidental ingestion and dermal contact
risks and hazards, and VOCs contributing the most to inhalation pathway hazards and risks.

The cancer risk results for the natural soil field analysis indicate that, for each scenario (excluding
the adult spectator), cancer risks associated with exposure to natural soil fields were consistent
with (but higher than) those from exposure to recycled rubber fields. Similarly, the non-cancer
hazard results for the recycled rubber exposure scenarios were consistent with (but generally lower
than) those from exposure to natural soil fields. The study explained that while the finding that
estimated cancer risks are higher for natural soil than recycled rubber may seem counterintuitive,
analysis of the 95th percentile natural background levels of several carcinogens in soil were noted to
be either higher (e.g., arsenic) or similar (e.g., PAHs) to the 95 percent UCLM levels found in
recycled rubber and that the relative risks should be interpreted with caution since the 95th

percentile and the 95 percent UCLM are not the same statistic. The study further stated that
“considering the low bioaccessibility of these chemicals from rubber, it is not surprising that the
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risks from exposure to these chemicals in soil are higher than those from rubber” (Peterson et al.
2018). The study went on to clarify the following:

The cancer risks we calculated for the natural soil field exposure scenarios analysis were
sometimes significantly higher than those from recycled rubber. This result is not intended
to imply that playing on grass fields or playgrounds on natural soil would result in actual risk
to receptors. We performed this analysis primarily to illustrate that employing US EPA's
conservative standard risk assessment practices to assess surfaces that are considered to
be “safe” or “natural” by most people can result in risk values that are higher than expected.
Evaluating the results of the natural soil and recycled rubber risk assessments using the
RME assumptions side-by-side provides context for the risks calculated for exposure to
recycled rubber. The relevant interpretation is that both types of surfaces fall within
acceptable risk and hazard guidelines and should not be considered to pose a public health
issue.35

In summary, the study concluded that the multi-pathway risk assessment for recycled rubber in
synthetic turf fields found that cancer risks and non-cancer hazards were within the acceptable
limits set by USEPA, even assuming RME conditions, and that the bio-accessibility of COPCs may
actually be higher in natural soil fields. The study determined that the results are consistent with a
number of preliminary or less-comprehensive studies of recycled rubber in synthetic turf fields
performed by a variety of regulatory agencies in the US, as well as studies of synthetic turf fields
performed in the Netherlands and by the European Chemicals Agency (ECHA). The study
acknowledges that while there are limitations and uncertainties in the risk assessment, they are
likely compensated for by the use of exposure assumptions that are intended to provide
conservative cancer risk and non-cancer hazard results. The study concluded that the multi-
pathway risk assessment demonstrates that the use of synthetic turf fields containing recycled
rubber infill would not result in unacceptable risks or hazards to adults or children under USEPA's
risk assessment guidelines.

3.1.5. 2019 U.S. Environmental Protection Agency Study

The Centers for Disease Control and Prevention/Agency for Toxic Substances and Disease Registry
(CDC/ATSDR) and the USEPA, in collaboration with the Consumer Product Safety Commission
(CPSC), has conducted a multi-agency research eƯort to characterize the constituents in crumb
rubber. The study, released in July 2019, collected tire crumb rubber infill material from 40 artificial
turf fields located across the United States from both indoor and outdoor fields (USEPA et al.
2019a, 2019b). Laboratory analyses were conducted to measure the physical, chemical and
microbiological characteristics of the tire crumb rubber material. Results of these analyses
provided information about the number and types of chemicals associated with recycled tire crumb
rubber, the amount of chemicals released into the air and into simulated biological fluids, and the
range and variability of these parameters. The analyses found a range of metals, SVOCs, VOCs and
bacteria in and on tire crumb rubber infill material. The bacteria finding was anticipated, as bacteria
are present in soil and on surfaces in indoor environments. The analysis found higher
concentrations of total bacteria in outdoor fields relative to indoor fields, but a gene commonly
associated with the human skin microbiome (i.e., Staphylococcus aureus) was detected more
often in indoor fields than outdoor fields (USEPA et al. 2019a, 2019b). With respect to artificial turf
and natural turf, the USEPA cites to a study in which researchers found 2 of 30 samples (7 percent)
collected from synthetic turf were positive for a species of Staphylococcus compared to six of 12
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samples (50 percent) collected from natural turf and concluded that the current generation of
synthetic turf containing crumb rubber infill harbors fewer bacteria than natural turf (USEPA et al.
2019a, 2019b).

In conducting the analysis, the study recognized that the presence of a substance does not directly
equate with human exposure. While there are many chemicals associated with recycled tire crumb
rubber, the laboratory experiments suggest that the amount of chemicals available for exposure
through release into the air and simulated biological fluids is relatively low. Air emissions tests were
performed at both 25 degrees C (77 degrees F) and 60 degrees C (140 °F), temperatures chosen to
represent moderate and high-end field temperature conditions, respectively. For most VOC and
SVOC target chemicals, based on air chamber tests of the material, air emissions were low at 25 °C
and in many cases, not measurable above the detection limit or above background levels. At 60 °C,
higher emissions were measured for some, but not all, VOCs and SVOCs. Overall, methylisobutyl
ketone and benzothiazole had the highest emission factors among the target analytes in this study.

The multi-agency collaboration conducted bioaccessibility tests of 19 metals on the tire crumb
rubber samples using three types of simulated biological fluids (gastric fluid, saliva and sweat plus
sebum). The study states that “only small fractions of metals were released into simulated
biological fluids. For all metals, the mean bioaccessibility values averaged about 3 percent in
gastric fluid and less than 1% in saliva and sweat plus sebum.”39 Furthermore, the study stated
that “these results fill important knowledge gaps about potential bioavailability of chemicals
associated with recycled tire crumb rubber. Based on these results, a default to 100 percent
bioaccessibility should not be used when assessing potential exposures to most metals in tire
crumb rubber” (USEPA et al. 2019a, 2019b). In other words, the results of the study indicate that it
should not be assumed that ingestion of crumb rubber would lead to exposure to all of the metals
present in the crumb rubber.

These findings support the premise that while many chemicals are present in the recycled tire
crumb rubber, as one might expect and as also regularly occur in many household products,
exposure may be limited based on what is released into air or biological fluids. Results from this tire
crumb rubber characterization research also suggest that concentrations of many organic
chemicals found in tire crumb rubber infill material vary with artificial turf field age and type (i.e.,
indoor versus outdoor). In general, concentrations of many organic chemicals appeared to
decrease with increasing field age. These results suggest that vaporization, weathering and/or other
removal mechanisms may lead to lower concentrations of many organic chemicals over time,
particularly for outdoor fields. Levels of many organic chemicals also tended to be higher for indoor
fields compared to outdoor fields, suggesting that exposures may be greater at indoor artificial turf
fields.

3.1.6. New York State Studies

The New York State Department of Environmental Conservation conducted a series of studies to
assess potential impacts from crumb rubber infill material in synthetic turf fields, including the
potential for release of pollutants into the air. The studies included laboratory analysis of crumb
rubber material, and sampling of air at two turf fields in New York City. The New York State
Department of Health assessed the air quality monitoring survey data for public health eƯects. The
report, released in 2009, is titled An Assessment of Chemical Leaching, Releases to Air and
Temperature at Crumb-Rubber Infilled Synthetic Turf Fields (Lim and Walker 2009).
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Laboratory analysis for the presence of VOCs and SVOCs caused by oƯ-gassing of crumb rubber
samples proved diƯicult to conduct quantitatively but did provide information regarding additional
chemicals to be analyzed in the ambient-air field investigation. Air sampling at the two turf fields
during active play detected low concentrations of chemicals anticipated to be found based on
previous sampling; however, most of these chemicals were also detected in the upwind, ambient
air and could not conclusively be associated with emissions from the turf field. Regarding
particulate matter, data from this study did not indicate a meaningful diƯerence between upwind
and downwind measurements.

Even though the chemical concentrations above the field were similar to upwind concentrations,
the ambient-air sampling results were used to evaluate the public health risks of volatile air
contaminants and particulate matter. Potential non-cancer risks from target chemicals were below
a hazard quotient of 1 for all chemicals and generally well below a value of 1 (i.e., did not exceed the
reference concentrations used to evaluate non-cancer health risks). Potential cancer risks
exceeded the target of 1 in 1,000,000 for four chemicals: benzene and three forms of pentadiene.
However, the estimated risks of the on-field samples were similar to those for the upwind,
background samples and could not be attributed to turf emissions. One analyte not detected in
upwind samples, 2- methyl-1,3-butadiene, was reported in one of the eight downwind samples at a
concentration exceeding the 1-in1,000,000 cancer risk value. The New York State Department of
Health concluded that because there was no consistent pattern in the measurements of the
chemicals at either field and exposures would not be continuous, there was not a public health
concern regarding cancer eƯects.

3.1.7. Connecticut Studies

In 2010, five Connecticut agencies under a joint agreement completed a study of synthetic turf
fields to assess health and environmental risks from oƯ-gassing and leaching of chemicals in
crumb rubber materials. The components of the study included the following:

 Measurement of air concentrations of approximately 200 chemicals at 5 fields during active
play (University of Connecticut Health Center 2010);

 Performance of a human health risk assessment based on measured air concentrations
(Connecticut Department of Public Health 2010);

 Measurements of oƯ-gassing and leaching of chemicals under defined laboratory
conditions (Connecticut Agricultural Experimental Station 2009);

 Measurements of leaching of metals in stormwater runoƯ from turf fields (Connecticut
Department of Environmental Protection 2010); and

 Peer review by an expert panel (Connecticut Academy of Science and Engineering 2010).

Ambient air sampling was performed at four outdoor turf fields, one indoor turf field, and at upwind
background locations near each field in July 2009. In addition, bulk samples of crumb rubber from
each field were collected. The samples were analyzed for VOCs, SVOCs, rubber-related chemicals
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(e.g., benzothiazole), and PM10. To identify which chemicals were attributable to the turf rather than
background sources of air pollution, results were screened to include only those chemicals
identified in the crumb rubber samples and those with concentrations two times greater than the
background samples (VOCs and SVOCs were present in all background samples). Based on these
criteria, four VOCs were identified as associated with turf emissions. Elevated PM10 concentrations
were not identified. VOC concentrations varied among the fields. The air concentration of methyl
isobutyl ketone (35.98 micrograms per cubic meter of air [μg/m3]) was the highest VOC detected in
samples collected on the turf, followed by acetone (23.71 μg/m3), toluene (2.3 μg/m3), and
ethylbenzene (1.04 μg/m3). Of the five targeted SVOCs in air, benzothiazole and butylated
hydroxytoluene (BHT) were the only chemicals detected above background. Most concentrations of
benzothiazole and BHT were an order of magnitude lower among the outdoor turf fields (ranging
from less than 80 to 130 nanograms per cubic meter of air [ng/m3]) than the indoor turf field, where
benzothiazole concentrations up to 14,000 ng/m3 were detected.

The Connecticut Department of Public Health reviewed the air sampling data to identify chemicals
coming from the turf field and included a wider range of chemicals for its study. It analyzed those
constituents found to be 25 percent higher on the field than upwind (a more stringent threshold
than the original standard of two times greater), for a total of 27 chemicals. The health risk
assessment analyzed exposure scenarios for children ages six to 18 and for adults under indoor
and outdoor field types. The assessment assumed exposure to turf fields three hours per day, four
days per week, for eight months per year at the maximum concentrations detected in the field air
sampling results. Toxicity values were taken from national databases or derived by staƯ. The study
concluded that the cancer risks were only slightly above USEPA de minimis levels of 1 in 1,000,000
for all scenarios evaluated, including children playing at the indoor facility, the scenario with the
highest exposure. The calculated risks were reported to be within typical risk levels from ambient
pollution sources and below target risks associated with many air toxics regulatory programs.
Chronic non-cancer risks were not elevated above a hazard index of 1; for acute risk, the hazard
index was close to 1 for children playing at the indoor field. The main contributor to this hazard
index was benzothiazole, a rubber-related SVOC, which creates uncertainty regarding the potential
for benzothiazole and other volatile irritants to create an irritation response in sensitive individuals
playing indoors. The study concluded that outdoor and indoor synthetic turf fields are not
associated with elevated health risks, but recommended that adequate ventilation be provided at
indoor field facilities to prevent accumulation of VOCs and SVOCs in indoor air.

3.1.8. Bainbridge Island Evaluation

A 2008 evaluation conducted on behalf of the Bainbridge Island Metro Parks and Recreation District
and the Bainbridge Island School District in Washington State used available scientific literature to
provide an assessment of potential human health risks associated with use of synthetic turf
containing tire crumb (Winward Environmental LLC 2008). The risk assessment used the highest
concentrations of chemicals identified in tire crumb material to assess potential risks to children,
age eight to 10, and teenagers, age 11 to 18 years. For both age groups, the assessment addressed
health risks via dermal contact with tire crumb leachate, inhalation of VOCs, and ingestion of whole
tire particles as a result of three hours of play per day for 261 days per year (year-round play). None
of the estimated cancer risks exceeded de minimis excess cancer risk of 1 in 1,000,000, and the
combined non-cancer hazard index for each chemical was a maximum of 0.05, far below a Hazard
Index of 1.
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3.1.9. Artificial Turf and Silica Sand

According to the U.S. Department of Labor, crystalline silica is a common mineral found in many
naturally occurring materials and can be found in sand, concrete, stone and mortar as well as
finished products such as glass, pottery, ceramics, bricks, concrete and artificial stone (U.S.
Department 2021). The most common form of crystalline silica is quartz (U.S. Department of Labor
2002), which is found in common beach sand. Inhalation of very small crystalline silica particles
potentially increase the risk of developing silica-related diseases, including: silicosis, an incurable
lung disease that can lead to disability and death; lung cancer; chronic obstructive pulmonary
disease (COPD); and kidney disease (U.S. Department of Labor 2021). The hazard potentially exists
when specific activities create respirable crystalline silica dust that is released into the air and is
associated with very small particles at least 100 times smaller than ordinary sand you might find on
beaches and playgrounds (U.S. Department of Labor 2021). Activities that may potentially create
the hazardous conditions are associated with cutting, sawing, grinding, drilling, and crushing stone,
rock, concrete, brick, block, and mortar. Potential worker exposures to respirable crystalline silica
dust are associated with activities such as abrasive blasting with sand; sawing brick or concrete;
sanding or drilling into concrete walls; grinding mortar; manufacturing brick, concrete blocks, stone
countertops, or ceramic products; and cutting or crushing stone. Industrial sand used in certain
operations, such as foundry work and hydraulic fracturing (fracking), is also a potential source of
respirable crystalline silica exposure (U.S. Department of Labor 2021).

An air monitoring study was conducted by FieldTurf to measure for respirable quartz silica at a
multipurpose artificial turf playing field located at La Jolla High School in La Jolla, California
(FieldTurf 2001). During the monitoring period, several high school physical education activities
were taking place on the field as well as a school lacrosse game. The air samples were collected
and analyzed following appropriate methods: U.S. Department of Health and Human Services,
National Institute for Occupational Safety and Health (NIOSH) Method 0600 (gravimetric) and
Method 7602 (infrared spectrophotometry). The laboratory analysis of the air samples collected did
not detect quartz silica.

According to the U.S. Department of Labor (2021), “being near sand or other silica-containing
materials is not hazardous. The hazard exists when specific activities create respirable dust that is
released into the air.” As stated above, activities such as abrasive blasting with sand; sawing brick
or concrete; sanding or drilling into concrete walls; grinding mortar; manufacturing brick, concrete
blocks, or ceramic products; and cutting or crushing stone are associated with the potential
generation of respirable crystalline silica dust. These activities are not associated with artificial turf
fields or physical education and sports activities that would occur on artificial turf fields. This is
supported by an air monitoring and laboratory analysis that did not detect respirable quartz silica
during physical education and sports activities on an artificial turf field, as described above.

3.1.10. Artificial Turf and Staphylococcus aureus Studies

A study was conducted by The Pennsylvania State University, titled A Survey for the Presence of
Staphylococcus aureus in the Infill Media of Synthetic Turf (McNitt et al. 2008). Staphylococcus
aureus is a bacterium that is a common inhabitant of human skin and can cause various types of
skin or soft tissue infections. The objective of this survey was to sample the total microbial
population of several infilled artificial turf systems and determine if Staphylococcus aureus was
present. Infill material was sampled from twenty fields. Fiber samples were also collected. In
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addition, other surfaces from public areas and from an athletic training facility and natural turfgrass
rootzones were also sampled. Each sample was analyzed for total organism populations and for
the presence Staphylococcus aureus. There were generally lower numbers of total microbes
present in the infill or fibers of the synthetic turf systems tested compared to natural turfgrass
rootzones and Staphylococcus aureus was not found on any of the playing surfaces.

Another study was conducted by The Pennsylvania State University, titled Human health issues on
synthetic turf in the USA (Serensits 2011). A survey of 20 infilled artificial turf fields was conducted
to determine microbial population and presence of Staphylococcus aureus bacteria. Surfaces
other than athletic playing surfaces were tested for the presence of microbes and Staphylococcus
aureus. Staphylococcus aureus colonies were not found to be present on any field; however,
Staphylococcus aureus colonies were found on other tested surfaces that athletes commonly
come into contact with, including blocking pads, used towels, and weight equipment. Based on the
findings of the survey, the study determined that concern that infilled synthetic turf harbors and
provides a breeding ground for Staphylococcus aureus is unwarranted within the context of this
study.

3.2. Artificial Turf Studies on Heat Island EƯect

A study conducted by Milone & MacBroom, Inc., a privately-owned, multidisciplinary consulting
firm, conducted a temperature evaluation study designed to determine the temperature rise of
artificial turf materials under a number of environmental conditions (Milone & MacBroom, Inc.
2009). Two fields within Connecticut were selected for this study. Both fields were constructed by
FieldTurf in 2007. One field, identified as Field F, is located in the northern portion of the state, while
Field G is located in the southern portion of the state. Selection of the fields was based upon the
ability to obtain permission to perform the testing and was not based upon manufacturer or
geographic location. Temperature monitoring occurred on June 10 and July 11, 2008, at Field F and
on June 17, 2008, at Field G. During the testing procedure, the air temperature was monitored at
two elevations directly over the artificial playing surface and at a location adjacent to the artificial
surface but within an area of natural grass. Air temperatures were measured at two feet and five feet
above the ground surface during the June 10 and June 17, 2008 monitoring events. The
methodology was adjusted for the July 11, 2008, event, at which time the temperatures were
measured at one foot and five feet above the ground surface. This adjustment was made so that an
additional analysis could be conducted on the potential cooling eƯect due to the evaporation of
water from the artificial “grass” fibers. Also measured during the testing were the temperatures of
the crumb rubber and the surface temperature of the polyethylene and polypropylene blended
fibers. Additional measurements were made of the soil at various depths in the area of the natural
grass and the surface temperature of the natural grass itself. The results of the study indicate that
solar heating of the materials used in the construction of artificial turf playing surfaces does occur
and is most pronounced in the polyethylene and polypropylene fibers used to replicate natural
grass. Maximum temperatures of approximately 156 degrees F on the surface of the artificial grass
fibers were noted when the fields were exposed to direct sunlight for a prolonged period of time.
The corresponding ambient temperature was 102 °F and the air temperature at 2 feet and 5 feet
above the artificial turf surface was 103 and 101 °F, respectively. The crumb rubber temperature at
1-inch depth was 111.5 °F. As a comparison, the temperatures at the natural turf location at this
same time was 99 °F on the surface of the natural grass, 101 and 102 °F at 2 feet and 5 feet above
the surface, respectively, and 86 °F at 1-inch depth. Rapid cooling of the fibers was noted if the
sunlight was interrupted or filtered by clouds. Significant cooling was also noted if water was
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applied to the synthetic fibers in quantities as low as one ounce per square foot. The elevated
temperatures noted for the fibers generally resulted in an air temperature increase of less than five
degrees even during periods of calm to low winds. For the artificial turf, the air temperatures above
the surface decrease rapidly with increasing height.

The New York State Department of Health report, An Assessment of Chemical Leaching, Releases
to Air and Temperature at Crumb-Rubber Infilled Synthetic Turf Fields (Lim & Walker 2009),
conducted a temperature survey to gain a better understanding of the surface temperature of
artificial turf fields and the potential for field users to suƯer from heat-related illness. For the two
artificial turf fields in this study (Thomas JeƯerson Field and John Mullaly Field), the center and a
shaded edge area were selected for measurements and both areas were comprised of green-
colored synthetic grass. An additional center location was selected for one field consisting of white
artificial turf. Field measurements were conducted in August (11 days) and September (6 days). The
results of the temperature survey show higher surface temperatures for artificial turf fields as
compared to the measurements obtained on nearby grass and sand surfaces. Surface
temperatures for the Thomas JeƯerson Field, grass and sand had approximate median
temperatures of 132, 87, and 86 °F, respectively and geometric mean temperatures of 126, 87, and
88 °F. The average synthetic turf surface was 42 degrees F higher than the grass surface
temperature and 40 degrees F higher than the sand surface temperature. Surface temperatures for
the John Mullaly Field grass and sand had approximate median temperatures of 119, 80, and 90 °F,
respectively and geometric mean temperatures of 114, 80, and 89 °F. The average synthetic turf
surface was 26 °F higher than the grass surface temperature and 35 °F higher than the sand surface
temperature. The temperature survey found little diƯerence for the indicators of heat stress
between the synthetic turf, grass, and sand surfaces, on any given day. Nonetheless, a small
diƯerence in the heat stress indicators could result in a diƯerent guidance for the diƯerent surface
types. Although little diƯerence between indicators of heat stress measurements was found, the
synthetic turf surface temperatures were much higher and prolonged contact with the hotter
surfaces may have the potential to create discomfort, cause thermal injury and contribute to
heatrelated illnesses. The report recommended that awareness of the potential for heat illness and
how to recognize and prevent heat illness should be raised among users and managers of athletic
fields, athletic staƯ, coaches and parents.

The study conducted by The Pennsylvania State University, titled Human health issues on synthetic
turf in the USA (Serensits 2011) looked at methods to reduce surface temperatures including
irrigation, covering the surface with a tarpaulin (i.e., tarp), and amending infill with calcined clay.
According to the study, many of the regimes tested were initially successful in lowering the surface
temperature to that of natural turf grass; however, these low temperatures could not be maintained
for periods of time equal to the length of standard sporting events.

4. Per- or Polyfluoralkyl Substances (PFAS)

PFAS, a group of persistent and potentially harmful chemicals, has recently emerged as a public
health concern in the context of artificial turf fields. PFAS is often used in the manufacturing of
plastic turf fibers and backing materials to enhance durability, water resistance, and stain
repellency of artificial turf fields. However, these “forever chemicals” do not break down easily in
the environment and can leach from turf components into soil and water over time, posing
potential risks to environmental and human health.
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PFAS are a broad category of organic
molecules containing fluorine and
carbon that consists of thousands of
distinct chemicals. A subset of these
chemicals contains a chain of between
4 and 16 carbons that are fully bonded
to fluorine atoms and another
chemical group, such as a carboxylate
or sulfonate group, that varies with
diƯerent PFAS. In addition to fluorine,
PFAS have functional groups that
determine to which class of PFAS they
belong (ATSDR 2021; USEPA 2020). For
example, most of the PFAS related to
artificial turf fields have either a
sulfonate group or a carboxylate group
attached to a terminal carbon. These
compounds are also known as perfluoroalkyl acids (PFAAs). PFAS are produced by two major
methods – telomerization and electrochemical fluorination (ATSDR 2021; Interstate Technology
Regulatory Council [ITRC] 2020). Depending on the manufacturing process, many PFAS can occur
as mixtures of linear and branched isomers in diƯerent proportions. The electrochemical
fluorination process produces mixtures of linear and branched isomers, whereas the
telomerization method produces mainly linear isomers. These structural diƯerences may aƯect the
biological properties of a particular PFAS (ATSDR 2021).

In general, PFAS do not occur
naturally and are the result of
anthropogenic activities (ATSDR
2021). Globally, the background
concentrations of PFOA and PFOS
in remote soils (i.e., those not
directly influenced by
anthropogenic activities) range up
to 0.0034 and 0.0031 milligrams per
kilogram (mg/kg), respectively
(Rankin et al. 2016). Samples
collected from three background
locations within California ranged
from 0.0001 to 0.002 mg/kg for
PFOA and from 0.00006 to 0.0007
mg/kg for PFOS (Rankin et al. 2016).
Historically, some manufacturers
used PFOA as a processing aid in
the creation of fluoropolymers that have the ability to repel oil, stains, grease, and water, making
these chemicals ideal for use in making protective coatings for non-stick cookware and clothing
(Lau 2015). PFOS possesses surfactant properties (i.e., the ability to reduce the surface tension
between liquids or between a liquid and solid). Because of these properties, PFOS or related

PFAS stands for perfluoroalkyl and
polyfluoroalkyl substances, which are a group of
man-made chemicals known for their ability to
repel water, dirt, and oil. These substances are
commonly found in various everyday items,
including nonstick cookware, water-repellent
clothing, and upholstery. PFAS are often referred
to as "forever chemicals" due to their persistence
in the environment and human body, as they do
not break down easily. Concerns have been raised
regarding their potential health risks, including
endocrine disruption and other adverse eƯects.
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chemicals have been used in numerous applications, such as fire-fighting foams, hydraulic fluids,
carpet cleaners, and oil well surfactants.

The diƯerences in the chemical and biological properties of individual PFAS impact receptors'
potential exposure to, the toxicity of, and the environmental movement of each compound. Certain
PFAS are resistant to degradation by water, sunlight, microbes, and animal metabolism. This
resistance is attributable to the strong carbon-fluorine bond present in fully fluorinated PFAS, which
makes these molecules very stable and non-reactive (ATSDR 2021). Chain length does not aƯect
these compounds' persistence in the environment; shorter PFAS are comparable to longer-chain
PFAS in terms of their resistance to environmental degradation (Buck 2015; ATSDR 2021).
Environmental persistence and bioaccumulation can vary significantly between diƯerent PFAS.
One study detected PFOS in the tissues of fish, birds, and marine mammals in both urban and non-
urban areas, with higher concentrations in predatory animals, suggesting that both transportation
of PFOS far from its anthropogenic sources and biomagnification of PFOS up the food chain are
possible (Giesy and Kannan 2001). In the same study, all of the detected concentrations of PFHxS
were lower than the limit of quantitation (LOQ) for this PFAS, and only a few samples contained
PFOA at levels greater than the LOQ for this PFAS. This research indicates that there is variation in
environmental movement across diƯerent PFAS.

The biological properties of a particular PFAS can depend on both its carbon chain length and the
particular functional groups present in the chemical, as well as its isomer type (e.g., branched
versus linear). Certain PFAS with longer chain lengths (e.g., those with eight carbons) have long
biological half-lives in the body and can bioaccumulate under certain circumstances (Fujii et al.
2015; Lau 2015; Buck 2015; ATSDR 2021). Bioaccumulation potential decreases at chain lengths
greater than eight (ATSDR 2021), likely due to a decreased capacity for absorption. In addition,
certain sulfonate PFAS generally have longer half-lives than carboxylic acid PFAS with the same
chain length (Lau 2015; ATSDR 2021). Variation in chain length and functional groups also produces
diƯerent health eƯects in experimental animals (ATSDR 2021).

4.1. PFAS in Artificial Turf

The California Environmental Protection Agency’s (Cal EPA’s) Department of Toxic Substances
Control (DTSC) recently published the Background Document on Candidate Chemicals in Artificial
Turf (DTSC 2024) as part of the Safer Consumer Products Program (SCP). The SCP is responsible for
designating consumer products as Priority Products, which signifies a consumer product that: “(1)
contains one or more Candidate Chemicals that have the potential to harm people or
the environment, and (2) has been formally listed in the California Code of Regulations through
rulemaking” (DTSC 2024). Artificial turf containing one or more Candidate Chemicals is being
considered for listing as a Priority Product as part of the “Building Products and Materials Used in
Construction and Renovation” category.

PFAS are considered Candidate Chemicals and are a category of chemical additives used in
artificial turf to “enhance plastic extrusion and reduce surface defects” (DTSC 2024). More
specifically, fluoropolymers, precursor fluorotelomer alcohols (FTOHs), and short-chain PFAS have
been used or detected in artificial turf blades and backing (Zuccaro 2013; Ecology Center 2019;
TRC 2022). PFAS present toxicological, environmental, and exposure potential hazard traits (DTSC
2024). Children may be particularly vulnerable to the eƯects of toxic chemicals due to their
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relatively low body weight and potential exposure during growth and developmental stages.
Children may be exposed to PFAS during sport, play and leisure on artificial turf (DTSC 2024).

California’s Health and Safety Code 108945 (CA AB-652, 2021) is the regulatory guideline for
artificial turf in California and prohibits the sale or distribution of new juvenile products containing
either intentionally added PFAS or PFAS precursors, or total organic fluorine at or above 100 parts
per million (ppm; or mg/kg).

Of note, California’s Health and Safety Code 108970 (CA AB-1817, 2022) prohibits the sale and
distribution of textiles containing regulated PFAS at total organic fluorine levels above 100 ppm as
of January 1, 2025 and 50 ppm as of January 1, 2027. Although the definition of textiles does not
apply to artificial turf, it is indicative of other PFAS regulatory thresholds in consumer products, and
it is unclear whether the 100 ppm threshold for children’s product in CA AB-652 may eventually be
reduced to the same 50 ppm.

4.2. PFAS Exposure Risks from Artificial Turf

PFAS are present in artificial turf to varying degrees (University of Massachusetts Lowell [UML]
2024; Lauria 2022) driven by the supplier and the manufacturing process. As such, there is concern
over the leaching of, and exposure to PFAS from artificial turf (SHPF Inc. 2025). However, very few
peer-reviewed studies have demonstrated the magnitude of PFAS release, including under
laboratory conditions. A memorandum published by the Department of Science and Research of
the State of New Jersey (New Jersey Department of Environmental Protection [DEP] 2023) reports
that a group of students at the University of Connecticut evaluated leaching of PFAS from artificial
turf under acidic rain and ultraviolet (UV) light conditions and detected levels of PFHpA below the
reporting limits of 0.2 and 0.25 parts per trillion (ppt; or nanograms per kilogram). Currently, there
are no human health screening levels for PFHpA, and, as far as WSP can determine, no studies
have evaluated the magnitude of PFAS release outside the laboratory during storm events, normal
use, or especially due to weathering.

The risk to human and environmental health is dependent on the exposure concentration and
duration. Most studies evaluating toxicity from artificial turf leachate use harsh chemical
extractions and in vitro1 exposure methods that can overestimate possible environmental
exposures and eƯects. For example, a study demonstrating cytotoxic eƯects of chemicals leaching
from artificial turf evaluated leaching using a chemical extraction and did not isolate PFAS cytotoxic
eƯects but rather evaluated the toxic eƯects from the suite of extracted chemicals (Siegel et al.
2024).

Additionally, a PFAS-specific risk assessment conducted by TRC for the City of Portsmouth (TRC
2022) using very conservative criteria (residential soil screening levels and exposure assumptions)
found that exposure to the limited number of PFAS that were detected at very low concentrations
did not represent a risk to humans using artificial turf fields (TRC 2022).

1 In vitro: In vitro experiments are tests performed on samples in laboratory tools such as test tubes
or petri dishes
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Overall, the data from these studies appears somewhat mixed, and of insuƯicient quality to fully
evaluate possible PFAS exposure from artificial turf.

4.3. Conclusions and Recommendations

Taken together, the results of the recently published peer-reviewed and government health agency
exposure and risk studies reaƯirm the results of the dozens of previous studies that found no
evidence of a significant public health concern for athletes playing on artificial turf and recycled
crumb rubber infill (Peterson et al., 2018; the NTP studies [Beckley et al. 2018; Pott et al. 1989; NTP,
2019 a, 2019b]; USEPA et al. 2019a, 2019b; Kawakami et al. 2022; Nishi et al. 2022; Kubota et al.
2022; Sakai et al. 2022; Schneider et al. 2020a, 2020b, 2020c).

Nevertheless, given the concerns surrounding release of PFAS during stormwater events or transfer
of PFAS to humans and the environment from regular use and weathering, the requirements of CA
AB-652 and CA AB-1817 should be considered to govern acceptable concentrations of PFAS in
artificial turf.  In light of these considerations, a conservative approach is recommended, such as
utilizing suppliers that can guarantee they meet the current regulatory thresholds using the most
stringent analytical methods.

If a choice is made to purchase and use artificial turf the redevelopment and expansion of
Memorial Park, the prudent approach would be to ensure that PFAS concentrations in the artificial
turf comply with the CA AB-652 regulatory threshold of 100 ppm for organic fluorine content.
Compliance can be ensured through requiring manufacturer guarantees that their products meet
this threshold concentration, backed by reported results of product testing for both individual PFAS
and total organic fluorine for each batch of artificial turf purchased.  A more conservative approach
that recognizes the possible further future reduction in organic fluorine threshold to 50 ppm as in
CA AB-1817 could also be adopted, and purchase specifications prepared accordingly. The City can
also arrange for independent testing of artificial turf product options to directly assess PFAS
content.

5. Microplastics

Similarly, artificial turf fields have also become a growing concern due to their contribution to
microplastic pollution. Plastic grass blades (i.e., fibers) and infill materials, such as crumb rubber
or plastic pellets, can degrade over time and release microscopic plastic particles into the
surrounding environment. Through weathering, abrasion, and surface runoƯ, microplastics from
artificial turf can be transported into nearby soil, waterways, and even the air, raising potential risks
to ecosystems and human health.

Microplastics are small plastic particles less than 5 millimeters (mm) in size. Nanoplastics are also
attracting growing concern thanks to recent technological advances that have made researchers
more able to detect and analyze them. Their smaller size means that they are more easily
transported over long distances and into more diverse environments than microplastics. They can
more easily penetrate cells and tissues in living organisms, which could lead to diƯerent and more
acute toxicological eƯects.
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Figure 2. The Size of Micro- and Nanoplastics (Center for International Environmental Law 2023)

Primary microplastics are manufactured for use in everything from microbeads in toothpaste to
synthetic fibers in clothing. Secondary microplastics are created when larger plastic items break
down resulting from environmental factors, physical forces, and/or chemical exposure (Viale 2025).
Microplastics can be in the food we eat and the liquids we drink. It can get into food and drinks from
the plastic packaging it is in. Microplastics can also be absorbed by crops that are grown using soil
or fertilizers that have microplastics in them. Cooking with plastic utensils and non-stick cookware
can also contaminate food (Nyoni 2025).

Because microplastics can break down to such small sizes, they are able to be lifted and
transported by the air. Sources can be dust from urban areas, solid waste application to agricultural
fields, emissions from vehicles and braking, landfill erosion, and spray from the ocean (Nyoni
2025).

While the skin protects from foreign objects entering the body, there is developing research that is
investigating how microplastics and nanoplastics can enter the body through hair follicles, sweat
glands, and even small cuts. There is also concern over chemicals in microplastics leaching into
the body (Nyoni 2025).

As previously described, WSP was unable to find any CEQA-compliant environmental
documentation that has discussed the potential direct and indirect eƯects related to microplastics
from artificial turf. Therefore, this technical memorandum summarizes the findings of Possible
Impact of Additives in Artificial Turf on Aquatic Life in Possible Impact of Additives in Artificial Turf
on Aquatic Life in the San Francisco Estuary (2023), which synthesizes scientific and gray literature,
including peer-reviewed articles, patents on artificial turf fiber manufacturing, and technical
reports to identify the chemicals used in artificial turf fiber and their potential impacts on aquatic
organisms (Galkina 2023). This information is supplemented by other studies prepared by the
World Health Organization (WHO), California State Policy Evidence Consortium (CalSPEC), and
various other scientific reviews.

https://www.ciel.org/breathing-plastic-the-health-impacts-of-invisible-plastics-in-the-air/
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5.1. Microplastics in Artificial Turf

Widespread artificial turf installations have raised concerns about microplastics resulting from the
infill and fiber material. Microplastic shedding occurs due to environmental conditions that
artificial turf is typically exposed to, including UV radiation, precipitation, temperature changes, and
mechanical wear during use and maintenance (Hann et al. 2018). A multisport artificial turf field
with an average pile weight of 1.4 kilograms per square meter (kg/m2) (0.29 pounds per square foot
[lbs/ft2]) loses 0.5 to 0.8 percent of the plastic fiber annually, resulting in 52 to 83 kg (114.64 to
189.98 lbs) of microplastics released annually from one average football field (STC] 2017; Hann et
al. 2018). The microplastics, weathered from artificial turf, can enter the stormwater system with
runoƯ during rainfall events, eventually reaching marine environments, particularly in coastal areas
(Li 2019).

The lifespan of an artificial turf sports field is 5 to 15 years (Cheng et al. 2014; Russo et al. 2022).
Although artificial turf reduces the need for irrigation, pesticides, fertilizers, and mowing, it still
requires maintenance (FieldTurf 2017; Russo et al. 2022). Artificial turf’s intended use, whether for
leisure time, sports, or merely decorative purposes, defines maintenance practices (SYNLawn
2011; FieldTurf 2017). Brooming of a sports field is standard practice: its purpose is to return the
blades to an upright position (Jastifer et al. 2019). This is usually done with heavy equipment; the
frequency depends on the active hours and traƯic load (Jastifer et al. 2019). Additionally, according
to manufacturers’ recommendations, a field maintenance team must use equipment to loosen
infill several times per year along with the addition of new infill material because it gets lost with
time: it can stick to players’ clothes and shoes, be lost during brooming and washing process, or be
washed away during rain events (Jastifer et al. 2019). The addition of infill thickness in sports fields
is usually done by professionals that use infill material prescribed by the artificial turf
manufacturer. Thus, vigorous mechanical maintenance contributes to blade deterioration and
splitting, creating plastic particles (Fleming et al. 2020). Due to their size, these particles are usually
classified as microplastic (Bertling et al. 2021). Along with loosening infill material, microplastics
from fiber are washed away to local water bodies during rain events (Li 2019).

5.2. Microplastic Exposure Risk from Artificial Turf

Chemical substances' interaction with the environment is a complex subject that requires an
understanding of where the source of a hazardous substance is, how long categories of substances
stay intact in the environment (i.e., their persistence), whether the substances cross membranes
(i.e., bioaccessibility), and whether they can bioaccumulate in the organisms or biomagnify in a
food chain (Kwon et al. 2017; Hahladakis et al. 2018). In turn, substances bioaccumulation in
organisms depends on such factors as the rate of metabolic transformations, half-life, seasonal
diƯerences in the substance, substances biotransformation, exposure pathways, and many others
(Bar and Szychowski 2022).

Three significant pipelines between terrestrial and aquatic environments are atmospheric
deposition, wastewater eƯluent, and stormwater runoƯ, with the latter's dominance (Wang et al.
2022a).

Originally, stormwater drainage systems designed to quickly remove rainwater from urban areas
with impervious surfaces (USEPA 2023). Thus, stormwater systems usually empty directly into
surface water bodies without treatment (USEPA 2023). Because artificial turf surfaces are
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predominantly used in the urban environment, it is a reasonable assumption that microplastics
released from artificial turf will be mostly transferred with urban stormwater (Hann et al. 2018; Li
2019).

The artificial turf shedding rate increases with the age of the artificial turf fields, which indicates the
fibers' aging and brittleness (Bertling et al. 2021). For example, in the first 5 years, the fiber loses
0.2 mm of its height per year; in the next five years, the loss is 0.5 mm per year (Bertling et al. 2021).

Some generated microplastics can be deposited on local impervious surfaces and soils, where
they can be sequestered or transferred long distances by wind. Current stormwater management
practices address plastic pollution in the urban environment by introducing green infrastructure in
which soil, vegetation, and sediment layers can sequester pollutants, including microplastics
(Österlund et al. 2023).

The settling of microplastics in marine environments depends on particles’ size, shape, mass
density, and temporal variations of these parameters (Österlund et al. 2023). The density, and
sometimes shape, depends on the polymer type (Österlund et al. 2023). The same characteristics
aƯect particle mobilization by stormwater where tiny microplastics, between 20 and 100
micrometers (µm), dominate urban stormwater (Österlund et al. 2023). Additionally, the
concentration of microplastics positively correlates with the rain intensity (Österlund et al. 2023).
Overall transportation of microplastic is challenging to predict due to multiple variables and
insuƯicient data. The lack of standardized methods and harmonized techniques for quantifying and
characterizing plastic particles smaller than 100 µm found in urban runoƯ also inhibits the
development of appropriate policies and thresholds (Rosso et al. 2022).

Previously, microplastic pollution was thought to be a problem of the aquatic environment;
however, in recent years, the scientific community recognized that microplastics are ubiquitous
and present in all environmental compartments, including organisms (Salthammer 2022).
Microplastics' persistent nature and omnipresence have prompted extensive research on their
environmental and human health impact.

5.3. Microplastic Exposure

In 2019, the World Health Organization (WHO) commissioned a report to evaluate evidence for
risks to human health associated with exposure to microplastics in drinking-water. The report was
based on literature reviews of studies published up to December 2021 in which original data on the
occurrence of microplastics in air, water, food and beverages were reported and also experimental
studies on their toxicity. WHO experts evaluated the quality of the studies of environmental
monitoring and of toxicity, particularly with regard to the reliability and relevance of the data for
characterizing risk. A key observation was that microplastics are ubiquitous in the environment and
have been detected in environmental media with direct relevance for human exposure, including
air, dust, water, food and beverages.

There are three key routes for microplastics and nanoplastics to end up in the human body:
inhalation; ingestion; and skin contact (Prata et al. 2020; Rahman 2021). Observations from
occupational epidemiology suggest that acute and chronic exposure to elevated concentrations of
microplastics, such as polyvinyl chloride dust and nylon flock, can result in harm to the respiratory
tract. Better characterization is necessary of the properties of microplastics in air, such as the
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fractions that contribute to (regulated levels of) particulate matter and their absolute
concentrations. The current lack of such data limits characterization and quantification of the
impact of human inhalation of microplastics (WHO 2022). Inhaled airborne microplastics originate
from urban dust, and include synthetic textiles and rubber tires (Prata 2018; WHO 2022). As
discussed above, microplastics will be ingested as they are prevalent in the food chain and water
supplies (Carbery 2018). While the skin membrane is too fine for microplastics or nanoplastics to
pass through, it is still possible for them to enter through wounds, sweat glands or hair follicles
(Schneider et al. 2009). Although all three routes contribute to the total amount of microplastics
and nanoplastics present in the human body, it is the particles in seafood and the environment that
constitute the greatest risk of absolute exposure. This is due to long-term weathering of polymers,
leaching of polymer chemical additives, residual monomers, exposure to pollutants and
pathogenic microorganisms all being active in these environments (Brennecke et al. 2016;
Camacho et al. 2019; Li et al. 2018; Rochman et al. 2014; Viršek et al. 2017). Ingestion of
microplastics has been reported in a variety of foods and beverages, including fish and seafood
products, salt, sugar, honey, rice, milk and drinking-water. Limited characterization of the hazard of
microplastics due to dietary exposure suggests the possibility of adverse outcomes similar to those
of other well-studied insoluble particles, as they have similar modes of action, including generation
of reactive oxidation species and stimulation of an inflammatory response (WHO 2022).

A number of diƯiculties make the assessment of overall human exposure to microplastics
challenging, including the limited availability of data on the occurrence of microplastics measuring
< 10 μm in water, food and beverages. Observations from particle and fiber toxicology indicate that
particles < 10 μm are probably taken up biologically. However, most of the available studies on the
occurrence of microplastics in water, food and beverages reported particles measuring > 10 μm,
which are unlikely to be absorbed or taken up (WHO 2022).
Several in vitro and in vivo studies have shown that micro- and nanoplastics were able to cause
serious impacts on the human body, including physical stress and damage, apoptosis, necrosis,
inflammation, oxidative stress and immune responses (Koelmans et al. 2019; Wright and Kelly
2017; Oliveira et al. 2019; Qiao 2019). However, the accurate assessment of human exposure
remains a scientific challenge due to the lack of validated methods, certified reference materials,
and standardization across the analytical procedures used (Brachner et al. 2020; Paul et al. 2020).
Notably, most of the reported studies were conducted using polystyrene due to its ease in
synthesis and processing into nanoparticles, while the most common commercial used of plastics
are polyolefins (e.g., polyethylene and polypropylene), polyesters, and polyurethanes. Given the
large variety in particle size, shape and chemical composition of plastics, the potentially hazardous
eƯects of diƯerent types of microplastics and nanoplastics to human health remain largely
unknown (Leslie et al. 2020).

5.4. Conclusions and Recommendations

Although the specific public health data is limited, humans, there is increasing public awareness
and a consensus among all stakeholders that plastics do not belong in the environment, and
measures should be taken to mitigate exposure to microplastics (WHO 2022).

California’s Statewide Microplastics Strategy - Senate Bill (SB)1263 (Chapter 609), was enacted in
2018. This Statewide Microplastic Strategy provides a multi-year roadmap for California to take a
national and global leadership role in managing microplastics pollution. Multiple state agencies
and external partners will work together to reduce the introduction of microplastics in California’s
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coastal ocean and other aquatic systems. Foundational to this Strategy is a recognition that the
state must take decisive, precautionary action to reduce microplastic pollution, while scientific
knowledge and understanding of microplastics sources, impacts, and successful reduction
measures continue to grow.

In addition, DTSC has announced its intent to add Microplastics to its Candidate Chemicals List for
regulation due to concerns about widespread exposures and potential for adverse impacts. New
regulatory requirements result only when DTSC identifies and lists a Priority Product. As described
in the 2024-2026 Priority Product Work Plan, one of the DTSC priorities is to reduce the release of
microplastics to the environment during all stages of the consumer product life cycle. However,
DTSC cannot evaluate products containing microplastics for possible regulation as Priority
Products until microplastics are added to the Candidate Chemicals List (DTSC 2025).

Unlike PFAS, aside from these overarching approaches to managing microplastics, no specific
regulatory thresholds have been identified for plastic products, specifically artificial turf.
Nevertheless, given the emerging concerns regarding the oƯ-site migration of microplastics, if a
choice is made to purchase and use artificial turf the redevelopment and expansion of Memorial
Park, a conservative approach is recommended.

Harusato and Kato (2025) provide a comprehensive overview of potential strategies for reducing
microplastics from artificial turf systems, including the use of:

 Drainage purification
 Binder material improvement
 Use of organic materials
 Maintenance optimization
 Surface processing
 Rainwater storage tanks
 Hybrid turf

The European Committee for Standardization (CEN) issued Surfaces for sports areas - Synthetic turf
sports facilities - Guidance on how to minimize infill dispersion into the environment (2020)
(DS/CEN/TR 17519), which describes ways of containing infill materials used in many types of
artificial turf fields within the confines of the field so that they are not dispersed into the
surrounding environment.

Similarly, KIMO (2019) has oƯered the following best practices for artificial turf fields:
 Improve the design of playing fields to minimize the amount of granulate which escapes the

playing field area
 Improve storage facilities for new and used rubber granulate so that the risks of accidental

dispersion through runoƯ or wind are minimized
 Use sweeping machines which are able to collect and sort the rubber granulate for re-use.

This cuts down on cost by reducing the amount of new granulate added to the fields each
year. Machines can be shared across clubs further cutting down on costs.

 Used granulate should be treated as hazardous waste. Ensure that arrangements are in
place to safely remove and dispose of used granulate (preferably before a new playing field
is built). Consider negotiating a “take-back” scheme with the manufacturers of the
granulate.
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 Consider environmentally friendly alternatives to Styrene-Butadiene Rubber (SBR)
granulate. (In Sweden municipalities are trialing the use of granules made from cork and
coconut fiber. For certain areas such as playgrounds, sand alone [without any added
granulate] may suƯice. Gothenburg City Administration is investigating the potential of
hybrid grass in which the artificial grass gives structure and reinforcement to the ordinary
grass – however, care must be taken that the grass is never cut too short which could result
in the artificial fibers being shredded.)

 Do not allow runoƯ water from artificial playing fields to enter storm drains untreated. This
is especially important if the storm drains empty directly into local waterways. If possible,
drainage systems which incorporate retention basins for the first flush of water should form
part of the design. The retained water can be redirected into the sewerage system where at
least a portion of the microplastic particles will be filtered out before discharge into the
environment.

 Encourage investment in better filtration systems at your local sewerage treatment plant.
For example, last step treatments of eƯluent such as membrane bioreactors and sand
filters with hydrous ferric oxide can greatly increase the retention of particles including
microplastics. (It is estimated that improving the retention of particles to 99 percent would
reduce microplastic discharge by 474 tons a year in Norway alone.)

KIMO and Fidra have also developed Guidelines for Designers and Procurement Specialists (2019)
as well as Guidelines for Owners & Maintenance Crew (2019). Several other organizations have
developed similar guidelines such as the Suggested Guidelines for the Essential Elements of
Synthetic Turf Systems (2011) and the Guidelines for the Maintenance of Infilled Synthetic Turf
Sports Fields (2013) issued by the Synthetic Turf Council.

If a choice is made to purchase and use artificial turf the redevelopment and expansion of
Memorial Park, the City should review and implement these design and management measures to
reduce the potential for oƯ-site migration of microplastics.

Studies at Kalmar Municipality (Sweden), and Søholt in Silkeborg Municipality (Denmark) have
demonstrated the eƯectiveness of these measures in minimizing the dispersion of microplastics
(Regnell 2019; Silkeborg Municipality 2024). For example, the new facility at Søholt is designed
according to the recommendations described in the new, joint European guide for the construction
of artificial turf pitches (DS/CEN/TR 17519). The Study at Silkeborg and shows that
recommendations described in the CEN report are suƯicient to reduce the oƯ-site dispersal of
microplastics to less than 10 kg (22 lbs) per pitch per year. These results have been confirmed by
subsequent studies Cardigan Mountain School and Princeton University in the U.S.

6. Limitations

As previously described, given the emerging nature of concerns around PFAS and microplastics in
artificial turf, the instances in which PFAS exposure and microplastic pollution has been analyzed in
the context of CEQA is extremely limited. This technical memorandum is based on the information
presented in previously certified and adopted CEQA documentation, including Final EIR for
Harvard-Westlake River Park Project (SCH No. 2020090536) and the Final EIR for Terra Linda High
School Capital Improvements Project (SCH No. 2023080737). It also answers the comments and
questions posed by the CCC in the NOID (USC-NOID-0002-23) (Baseball Stadium Turf). Finally, this
technical memorandum summarizes the findings of Possible Impact of Additives in Artificial Turf on



27

Aquatic Life in Possible Impact of Additives in Artificial Turf on Aquatic Life in the San Francisco
Estuary (2023), which synthesizes scientific and gray literature, including peer-reviewed articles,
patents on artificial turf fiber manufacturing, and technical reports to identify the chemicals used in
artificial turf fiber and their potential impacts on aquatic organisms. This technical memorandum
meets the requirements of CEQA Guidelines Section 15151, for “adequacy, completeness, and a
good faith eƯort at full disclosure.”
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