
SYNTHETIC TURF FEASIBILITY STUDY
Administrative Draft Report 
for City of Novato
October 2015



SYNTHETIC TURF FEASIBILITY STUDY

Prepared for City of Novato 

Parks Recreation and Community Services Department 

Prepared by 
Carducci Associates Landscape Architects and Planners 

San Francisco, California

Administrative Draft
October 2015 

Copyright © 2015 Carducci Associates
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Synthetic turf field at Fallon Sports Park, Dublin, California.  



01-01

01. INTRoDUCTIoN 

INTRODUCTION 
As a Healthy Eating Active Living City, Novato strives to give 
residents access to quality active recreation opportunities 
and experiences that offer options to live a healthy lifestyle. 

The City of Novato desires to convert one facility to synthetic 
turf as part of a strategy to provide greater access to safer, 
more playable fields, to expand the number of hours of 
field use as a result of year-round play opportunities, to 
improve the maintenance of existing fields and to expand 
opportunities for youth and adults to increase physical 
activity.  The benefits of synthetic turf support Novato being 
a Healthy Eating Active Living City by increasing field use 
throughout the year.

Physical activity through sports helps to keep youth engaged 
with positive adult role models and away from crime and 
risky behavior.  Participation in sports can help youths be 
successful in life and are a proven factor in better academic 
performance..  The City should be a leader in providing 
high quality athletic facilities to benefit not only the youth 
and adults who participate in sports, but the community as 
a whole, which benefits because residents are healthy and 
thriving, rather than involved in criminal activity or risky 
behaviors.  

In summer 2015, The City of Novato had the Sports 
Management Group prepare a citywide Field Needs 

Assessment Study.  This study inventoried all fields owned by 
the City and the Novato Unified School District, ascertained 
field availability, and evaluated field conditions and demand 
by interviewing sport organizations that use the fields.  
Interviews with organizations using Novato sports fields 
were conducted June 16 –July 16, 2015.  All groups expressed 
concern regarding grass field maintenance (gopher holes, 
bare spots, drought conditions, and intense overuse). Wear 
and tear on the grass fields is a factor affecting availability. 
In summary, the City and the School District have maximized 
the community’s access to sports fields; however, they are 
unable to meet the current demand. There is a demonstrated 
demand for additional practice and game fields to facilitate 
approximately 450 additional games per year. User groups 
desire longer game seasons, year-round play, tournament 
hosting, and increased clinics and camps.  Support space 
is also needed for game and tournament play and include: 
parking, concession, restrooms, spectator areas, storage, 
buffer zones from neighbors, drainage, fencing, and access. 
The lack of lighted fields, poor condition of the grass fields and 
the lack of regulation-size fields exacerbates the deficiency.

The City of San Francisco has demonstrated that synthetic 
turf athletic fields accommodate two or three times more use 
than natural grass fields and that thousands of children and 
adults from community sports leagues can have a place to 
play soccer/lacrosse year-round.  One synthetic turf field can 
accommodate up to 3,000 hours of use per year, equal to 

“There are more than 12,000 
synthetic turf fields in the USA.”
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about 1,500 two-hour games.  If these games included 20 
players per game, the synthetic turf field could benefit the 
community by providing an opportunity for 30,000 hours of 
exercise along with the societal benefits that can result when 
youth and adults participate in sports.

Because a synthetic turf field requires less maintenance than 
a natural grass field, the City and the community would also 
benefit by freeing up maintenance staff to better maintain 
other heavily used facilities like Pioneer Park, Miwok Park 
and natural grass ball fields at Babe Silva, Hamann, Slade, 
Marion and South Hamilton.  

Synthetic turf is seen as a way to help support the fiscal 
sustainability of the City. The City’s Fiscal Sustainability 
Plan (approved by the Novato City Council on February 11, 
2014) identified the use of Measure F sales tax funding to 
install at least one synthetic turf sports field and construction 
of a tournament bocce ball facility that would contribute 
to ongoing annual cost savings by reducing watering and 
maintenance while increasing field use. There is potential 
for increased revenue from synthetic turf.  A synthetic turf 
field received City Council support because it can cost less 
to maintain per hour than a natural grass field and generate 
revenues that make the synthetic turf field self-sustaining.

This study analyzes the feasibility for the installation of 
synthetic turf field(s) in Novato at one or more of the 
following candidate sites:

•	 Hill Recreation Area

•	 Indian Valley Campus (IVC) ball fields

•	 The undeveloped area next to the Hamilton Skate Park

•	 Lynwood Hill.  

The City owns ten unlighted natural grass fields and 
administers two lighted natural grass fields at Indian 
Valley Campus.  The Novato Unified School District (NUSD) 
schedules fields for community use after school operating 
hours and is the primary field provider, as indicated by the 
number of fields (24) in their inventory. This total includes two 
unlit synthetic turf fields, one at each High School. The only 
lighted field is one softball field at San Marin High School. 
The City of Novato has a small FieldTurf brand synthetic turf 
area at the Downtown Recreation Center and Pocket Park that 
is used for pre-school mini-soccer and youth flag football. In 
Marin County, synthetic turf athletic fields are installed at the 
following locations:

•	 Dominican University of California

•	 Hall Middle School

•	 Marin Academy High School

•	 Marin Catholic High School

•	 Novato High School

•	 Red Hill Field

•	 Redwood High School

This page: Synthetic turf field. Oppo-
site page: Natural grass field at Hill 
Recreation Area, Novato, California.
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•	 San Marin High School

•	 Sir Francis Drake High School

•	 Tamalpais High School

•	 Terra Linda High School

The crumb rubber infill system of synthetic turf, which closely 
resembles natural grass, debuted in 1997.  It has become very 
popular for use at schools and parks.  In 2008, there were 
over 3,500 synthetic turf fields in the USA (Jackson, 2008). 
According to the Environmental Protection Agency and the 
Synthetic Turf Council, in 2015 there are approximately 12,000 
synthetic turf fields in the USA and crumb rubber is used in 
98 percent of them.  It has been estimated that nationally, 
two million children play on synthetic turf fields each day. 

Benefits of synthetic turf include: excellent playability, 
increased playing hours, all-weather availability, excellent 
drainage, reduced maintenance, cost-effectiveness and fewer 
injuries.  Synthetic turf is generally safe, and eliminates the 
need for water, pesticides, herbicides and fertilizers.

As part of this study, postcard notifications were sent to 
adjacent property owners of the four potential sites to inform 
them of the Synthetic Turf Feasibility Study and to solicit 
input by visiting: novato.org/hillmasterplan or by contacting 
hillmasterplan@novato.org or 415-899-8991, inviting 
property owners to participate in the public workshops for 
the Hill Master Plan. 
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BRIEF HISTORY OF SYNTHETIC TURF
Synthetic turf came about with the realization that physical 
fitness levels of young people needed to be improved.  
Synthetic turf has improved in quality over the last four 
decades. The latest generation of synthetic turf has vastly 
improved in softness, resiliency and shock absorption.  Its 
playing characteristics are similar to natural grass.

Below is a brief history of synthetic turf.  Growth in the 
popularity of synthetic turf has been followed by increased 
scrutiny of its usage,

A. THE FIRST GENERATION

The first generation of synthetic turf, with AstroTurf being the 
most famous, was based on the patent for “Monofilament 
Ribbon Pile Product.” It is a knitted nylon carpet of closely 
packed tufts (both nylon and polypropylene) over a pad that 
provides shock-absorbing properties.  The first large-scale 
installation of synthetic turf, called Chemgrass, was at the 
Moses Brown School in Providence, Rhode Island in 1964.  
In 1966 it was installed at the Astrodome in Houston, Texas, 
and renamed AstroTurf. AstroTurf is still used today at the 
University of Texas at Austin baseball field and the Woodlake 
High School football field in Austin, Texas, where it is also 
commonly used for field hockey.  

1950s: The Ford Foundation studied ways to improve the 
physical fitness of young people.  The foundation analyzed 

physical exam records of young US military men from 
urban areas and those from rural areas and found that 
young people from rural areas were more physically fit 
than their urban counterparts.  The study concluded that 
young urban people were less physically fit due to the 
limited amount of outdoor space for play and exercise in 
urban areas.  Since the amount of urban space is difficult 
to increase, the concept of increased use of space through 
the use of synthetic playing surfaces was formed.

Late 1950s: The Chemstrand Company, a division of the 
Monsanto Company, was developing synthetic fibers 
for use in carpeting.  Dr. Harold Gores, of the Ford 
Foundation’s Educational Facilities Laboratory, suggested 
that Chemstrand develop a playing field surface for use in 
urban areas based on the following criteria:

•	 Durability to withstand heavy use 

•	 Resistance to weather and pollution 

•	 Ease of cleanliness 

•	 Retain its playing properties year-round for many years

1962-1966: The Creative Products Group of Chemstrand 
worked on creating the new playing surface. The surface 
was tested for foot traction, cushioning, weather, 
drainage, flammability and resistance to wear. 

1964: The Creative Products Group installed the first large-
scale installation of synthetic turf, called Chemgrass, at 

Right: First Generation Synthetic 
turf. Opposite page: Synthetic 
turf, close up.
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the Moses Brown School in Providence, Rhode Island. 

1965: The Houston Astrodome opened with natural turf and a 
glass ceiling that caused glare for the fielders. The panes 
were painted black and the natural turf died. The field’s 
dead grass was painted green.  Monsanto was consulted 
about replacing the natural grass with a new synthetic 
playing surface.   

1965: A patent for “Monofilament Ribbon Pile Product” was 
filed on December 25, 1965 by James M. Faria and Robert 
T. Wright of Monsanto Company and issued by the United 
States Patent and Trademark Office on July 25, 1967 (U.S. 
patent #3332828).  

1966: The Houston Astros’ baseball team and the Houston 
Oilers’ football team played in the Astrodome on a 
Chemgrass knitted nylon surface renamed AstroTurf. 

1967: Indiana State University Stadium, in Terre Haute, 
Indiana, became the first outdoor stadium installed with 
AstroTurf. 

1968: AstroTurf manufacturing facility opened in Dalton, 
Georgia. (Dalton was the central place for the 20th 
century development of mechanized carpet making and is 
referred to as the “Carpet Capital of the World”).

1970s and 1980s:  During these two decades, AstroTurf 
became famous as the industry standard in the USA due 

to its use on many professional and college baseball and 
football fields. 

1986: Monsanto consolidated its AstroTurf management, 
marketing and technical activities in Dalton, Georgia, as 
AstroTurf Industries, Inc.   Dalton Carpet Capital of the 
World

1988 through 2007: The ownership of AstroTurf passed from 
Monsanto to several subsequent owners.

1995: In a survey of 965 NFL players, 93 percent said they 
believed AstroTurf caused more injuries than grass.  (Inc. 
Magazine, by Edward O. Welles, Feb 1, 2000) 

Late 1990s: AstroTurf is found to have several disadvantages 
and reports of causing knee injuries, “turf toe” and 
“turf burn.”  Many high profile installations of AstroTurf 
are subsequently replaced with natural grass or other 
synthetic products.  

1986 to 2006:  The ownership of AstroTurf is passed through 
several entities.

B. THE SECOND GENERATION

Late 1970s:  In Europe, a “second generation” of synthetic 
turf developed as an alternate to AstroTurf.  It had longer 
tufts that were spaced more widely apart and sand was 
spread between the fibers.  It was found to be most suitable 
for golf tee boxes and sports such as hockey and tennis as 

Left: Second Generation Synthetic turf. Above: 
Patent figures for Third Generation Synthetic 
Turf. Opposite page, left: Third Generation Syn-
thetic turf backing. Opposite page, right: Third 
Generation Synthetic Turf fiber patent drawing.
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the polyamide/nylon material provided a flatter surface and 
the sand infill spread between the fibers created firmness 
and stability.

C. THE THIRD GENERATION

The third generation of synthetic turf was developed for 
soccer and football. It was a radical improvement upon 
previous turf surfaces in terms of player safety and game 
consistency. The carpet was softer and much less abrasive 
to the skin. Sand was mixed with crumb rubber made from 
recycled automobile tires and used as infill.  This provided 
a lighter and springy surface, providing the bounce that a 
player needs when running.

As part of the development of the third generation of synthetic 
turf, FieldTurf developed several patents to mimic the 
spacing, color and texture of tufts of mowed grass, a process 
of laying rounded silica sand and cryogenic crumb rubber 
infill to mimic the texture of soil between the grass tufts.  The 
rubber and sand infill improved drainage, provided shock-
absorbing properties and replaced the need for a pad.  The 
carpet backing between rows of tufted polyethylene fibers 
was uncoated and also improved drainage.  The weight of the 
sand infill provided stability and allowed the carpet backing 
to be lightweight.  This system provided a turf-like texture 
that behaved much like natural turf grown in soil.  

These innovations resulted in widespread acceptance of 

synthetic turf playing surfaces for football and soccer.

1997: A patent for “Synthetic Turf” was filed on Oct 9, 1997 
by Jean Prevost of FieldTurf Inc. and issued by the United 
States Patent and Trademark Office on Jan 15, 2002 (U.S. 
patent #6338885).  FieldTurf “Synthetic Turf” was an 
infilled, long pile artificial turf that contained polyethylene 
(plastic) fibers, with sand and rubber particles between 
these fibers acting as artificial earth, giving the athletes 
shock absorption and natural footing.

1997: FieldTurf installed its first outdoor fields; a football 
field at a high school near Pittsburgh, Pennsylvania, and a 
soccer field in Portland, Oregon.

1998 to present day:  The Turf War:  Several companies 
compete with FieldTurf. The battles include cutthroat 
business tactics, private investigators, allegations, 
claims, patent development and disputes over patent 
infringements, warranties, disparagement price wars and 
product innovations.  

1999: One of the first FieldTurf fields in the San Francisco Bay 
Area was installed at Marin Academy in San Rafael.  It was 
replaced in September 2007. 

1999 to 2006: approximately 140 installations of FieldTurf 
were installed outdoors in Northern California and 
Nevada.  Most of the installations are at school athletic 
fields and some parks. 
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D.  FOURTH AND CURRENT GENERATION OF SYNTHETIC 
TURF: MONOFILAMENT

2005:  The fourth and current generation of synthetic turf was 
developed in Europe.  The fiber is a yarn fiber made in a 
single strand. Yarn is extruded out of a shower head-type 
extruder (similar to fishing line).  The fibers are firmer and 
expected to be more durable than slit-film yarn fibers. The 
remainder of the system is similar to the third generation 
of synthetic turf.

2005:  FieldTurf merged with Tarkett.

2005:  FieldTurf synthetic turf is installed at Novato and 
San Marin High Schools multi-use fields and is used for 
football, lacrosse, soccer and physical education.  (The 
NUSD had no problems with their synthetic turf fields 
and in 2015, considered converting other existing fields to 
synthetic turf in order to accommodate the Marin County 
Athletic League requirement for soccer play in winter.) 

2005 to present:  Ongoing discussion and debate over 
environmental impacts and benefits, health and 
safety, ecological and psychological benefits.  Some 
manufacturers develop alternatives to SBR rubber infill 
and recyclable coatings.

2006:  The global market for artificial turf was 760 million 
square feet; Europe accounting for 355 million square feet 
and North America about 172 million square feet.  (Dow, 
2007)

2007:  FieldTurf incorporated the fourth and current 
generation into their patented systems.  Approximately 
30 installations of FieldTurf were installed outdoors in 
Northern California and Nevada.

2007:  FieldTurf installed its 2400th field worldwide.

2007:  Environment & Human Health, Inc. report on artificial 
turf questions the health and environmental risks of 
crumb rubber in synthetic turf. (The report is referenced 
in the bibliography of this study)

2008:  3,500 synthetic turf fields in USA

2008:  New York City establishes protocols for purchasing 
synthetic turf.

2008:  City of San Francisco Recreation and Park Department 
establishes synthetic playfields task force.

2008:  The City of Novato installs a small (6,000 square foot) 
synthetic turf area at the Downtown Recreation Center 
and Pocket Park that is used for preschool mini-soccer and 
youth flag football.

2008: The Los Angeles Unified School District’s (LAUSD) 
Office of Environmental Health and Safety (OEHS) tested 
synthetic turf fibers at nine schools and found them to be 
absent of lead. Lead was found in some samples of crumb 
rubber that ranged from 26 to 64 parts per million, well 
below levels that are considered dangerous to children 

Left: Three types of 
synthetic turf back-
ing. Right: Close 
up of 4th genera-
tion synthetic turf 
with crumb rubber 
infill.  Opposite 
page: Illustration 
of Field Turf.
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(400 parts per million).  LAUSD decides to remove crumb 
rubber from early education centers and no longer uses 
crumb rubber in synthetic turf fields.

2010:  UC Berkeley report on crumb rubber in artificial turf 
applications.

2010:  CalRecycle and the Office of Environmental Health 
Hazard Assessment (OEHHA) issue Report on Health 
Impacts of Outdoor Artificial and Natural Turf Fields.

2012: FieldTurf has installed over 7,000 athletic fields 
worldwide.

2013: Between 1,200 and 1,300 fields were installed in North 
American schools, colleges, parks and professional sports 
stadiums.

2013:  The Cardno ChemRisk report on crumb rubber notes 
“regular exposure to ground rubber for the length of one’s 
childhood does not increase risk of cancer above levels 
considered by the State of California to be de minimus 
(i.e., a lifetime excess cancer risk of one in one million).”

2014: NBC News publishes story that questions safety of 
crumb rubber in synthetic turf.  

2015:  11,000 synthetic turf fields in USA, and over 1,100 
fields in California, including 650 in Northern California.

2015: LAUSD school board votes to replace synthetic turf 
fields at six schools due to defective infill.

2015:  City of San Francisco Recreation and Park Department 
develops Environmental Compatibility Standards and 
Testing Protocols for the Procurement of Synthetic Turf.

2015:  The Green Reports assess Media Reports of Cancer 
Among Soccer Players Using Synthetic Turf Fields.

2015:  Over 50% of the FieldTurf projects in San Francisco Bay 
Area will use the FieldTurf “CoolPlay” infill.

TYPES OF SYNTHETIC TURF AND INFILLS

DESCRIPTION OF INFILL SYNTHETIC TURF

Synthetic turf has improved in quality over the last four 
decades. The current and fourth generation of synthetic 
turf has vastly improved in softness, resiliency and shock 
absorption and has playing characteristics similar to natural 
grass.  It is commonly used for athletic fields.  Synthetic turf 
is manufactured similar to a modern carpet. It is made from 
slit-film or monofilament UV-stabilized polyethylene fibers 
tufted into a synthetic textile backing. The exposed fiber 
is about two inches long. The reverse side of the backing 
is coated with a polyurethane emulsion to lock the tufted 
fibers in place.  The backing is either needle-punched or 
the emulsion is scraped off between the tufts for drainage 
through the carpet.   The synthetic turf carpet sits atop a 
synthetic polypropylene underlayment panel system that 
acts as a shock pad and drainage layer or atop a specially 
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engineered, permeable stone base and subsurface drainage 
system.  

There are no American Society of Testing Materials (ASTM) 
standards for the stone base beneath a synthetic turf system. 
The lack of a standard has resulted in installations with poor-
quality gravel that is either hard to grade to desired tolerances 
or allows little drainage after compaction. (McNitt, 2007)

The synthetic turf carpet is filled with a mixture of sand 
and crumb rubber or just crumb rubber, which is recycled 
Styrene Butadiene Rubber (SBR) from used automobile 
tires.  The infill is placed in layers and the carpet is brushed 
so that fibers stand upright about one-half inch above the 
infill to mimic blades of mowed grass.  The advantage of 
using sand is that it is heavy and stabilizes the carpet. Once 
the synthetic turf installation is complete, it is checked for 
tolerances, irregularities and surface hardness described as 
“G-max.”  The G-max guideline in the Synthetic Turf Council’s 
Guidelines for Synthetic Turf Performance is “below 165” for 
the life of the synthetic turf field.

Non-infill synthetic turf replaces the infill with a nylon thatch 
layer.  Non-infill synthetic turf, with an underlying pad for 
impact attenuation, is commonly used in pre-school and 
school age children’s playgrounds as a resilient and durable 
safety surface.  It has been found to be an economical 
and practical alternative to poured-in-place rubber safety 
surfacing used in playgrounds.

There are about a dozen national brands of synthetic turf 
installed in the San Francisco Bay Area including:

•	 AstroTurf

•	 Desso

•	 Domo

•	 FieldTurf

•	 Hellas

•	 Italgreen

•	 Limonta

•	 Sportex (Shaw Industries) 

•	 Sprinturf

•	 UBU

It is common to receive an eight-year, non-prorated, 3rd party-
insured warranty from a synthetic turf manufacturer.  The 
warranty provides the owner with assurance for safety and 
durability.  Some synthetic turf suppliers have had warranty 
issues and in some cases not had the financial resources 
to stand behind their warranty.  It is important to choose 
a brand of synthetic turf that has the financial stability to 
address warranty issues over an eight-year period.  FieldTurf 
is one of the most respected brands of synthetic turf in North 
America.  It has over 7,000 installations worldwide and over 
1,100 installations in California, including 650 in Northern 
California.  FieldTurf has also been installed at the following 

CoolPlay V2 illustration by Field Turf .GMAX  turf diagnostics testing device.
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schools in Marin County:

•	 Marin Academy High School

•	 Marin Catholic High School

•	 Novato High School

•	 Redwood High School

•	 San Marin High School

•	 Sir Francis Drake High School

•	 Tamalpais High School

•	 Terra Linda High School

ALTERNATIVE INFILL MARKET TRENDS

There are currently about 25 proposed synthetic turf field 
projects in Northern California that will use the FieldTurf 
product.  Many of the school boards and public entities 
decided which infill to use after the November 2014 NBC 
News report that questioned the safety of crumb rubber in 
synthetic turf fields.  Of the 25 projects, approximately 25%, 
including Tamalpais High School in Mill Valley, will use the 
standard crumb rubber infill.  The rest will use alternative 
infills.  

Over 50% of the projects will use the FieldTurf “CoolPlay 
2” infill; which is the least expense option.  The product is a 
top dressing over crumb rubber and sand infill that isolates 
players from crumb rubber infill, provides cooling properties 
and does not change the playability of a field when compared 
to standard crumb rubber infill.  This alternative infill has 
been seen as the best option to address exposure to crumb 
rubber and provide cooling properties.  It adds a cost of about 
$0.40 per square foot to a field. It does not have the history of 
use in the industry and it is anticipated that the cork extruded 
with virgin elastomers may break down over time and 
require supplemental top dressings and more maintenance 
than a sand/rubber infill field.  Cool Play 2 does not require 
the watering that organic fiber infill requires and eliminates 
the need for an irrigation system to cool the field.  It also 
minimizes the off-gassing of volatile organic compounds 
(VOCs) from rubber infill.

Alternative infills are available.  The alternative infills are 
more costly, and have not been as rigorously tested as the 
cryogenic rubber and sand infill systems that have been in 
use for about 15 years in California without issue.  Alternative 
infills include organic materials and/or other manufactured 
materials.  The alternative infills are innovative and do not 
have proven performance testing data.  Some alternative 
infills require watering and grooming on a regular basis 
and may require as much maintenance as a natural grass 
field.  Some alternative infills require drainage pads and 
safety pads.  This study includes a matrix of alternative 

infills to crumb rubber and the respective, advantages and 
disadvantages, estimated additional cost and maintenance 
requirements of each. 
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TABLE OF SYNTHETIC TURF INFILLS (TABLE 02-01) 

CRUMB 

RUBBER INFILL 
DESCRIPTION SHOCK PAD REQUIRED?

ADDITIONAL MAINTENANCE 

REQUIRED?
ADVANTAGES DISADVANTAGES

PRICE PER SQUARE 

FOOT

CRUMB 

RUBBER INFILL 

S
B

R
/S

A
N

D

styrene-butadiene 

rubber (SBR) describe 

families of synthetic 

rubbers derived from 

styrene and butadiene

No No •	Proven performance over two decades

•	11,000 fields installed in the U.S.

•	Durable/low maintenance system

•	Environmentally friendly

•	 Independent studies confirm safety of 

crumb rubber

•	Recycling tires help reduce waste 

material

•	 Infill can be recycled for future use

•	Public perception of health risks based on 

November 2014 NBC News story

$4.50

S
B

R
/S

A
N

D

ALTERNATE INFILL

G
R

E
E

N
 C

O
A

T
E

D
 

S
B

R
 C

R
U

M
B

 
R

U
B

B
E

R

Ambient or cryogenic 

SBR crumb rubber 

coated with colorants, 

sealers, or anti-

microbial substances.

No No •	Coated rubber provides additional 

aesthetic appeal, reduction of dust by 

products during the manufacturing 

process and complete encapsulation of 

the rubber particle

•	Color rubber, different “look” 

•	Still SBR tire rubber. $4.75

G
R

E
E

N
 C

O
A

T
E

D
 

S
B

R
 C

R
U

M
B

 
R

U
B

B
E

R

C
O

O
LP

LA
Y

 V
2

Extruded cork 

composite, made up 

primarily of natural 

cork, polyethylene and 

elastomers.

No No •	Organic and Virgin material on top of the 

field where athletes come into contact 

with the infill.

•	Proven heat reduction - Significant 30-35 

degree heat reduction

•	No change in Playability vs. Sand/

Cryogenic rubber system.

•	Natural UV Resistance

•	Good compression and compaction 

characteristics

•	Least expensive option

•	Crumb rubber still utilized in the system 

•	Breakdown of top cork layer over time

•	Virgin material

$4.90

C
O

O
LP

LA
Y

 V
2

U
S

 G
R

E
E

N
T

E
C

H
 

E
N

V
IR

O
FI

LL

Rounded quartz sila 

sand from Texas 

coated with an acrylic 

polymer

Yes Some due to possible sand 

migration if the turf does not 

have a thatch layer

•	Firm and fast playing surface 

•	Can be 25% cooler surface temperature 

compared to SBR rubber 

•	Has antimicrobial coating 

•	Durable and reusable for multiple turf 

life cycles  

•	16 year warranty on infill 

•	Environmentally clean product 

•	 Infil can be re-coated after two life cycles

•	Good ballast for turf carpet 

•	Surface can be too firm 

•	Sand can be abrasive 

•	The infil is manufactured by a non-turf company, 

so the turf manufacturer would have to be 

agreable to use the infill in their system 

•	 infil manufacturer recommends to use a turf 

system with a thatch layer and limited pile 

heights to 1.5”-1.75” for monofilament and 1” 

thick thatch layer for silt film 

•	Ultimate end of life disposal could be a challenge 

•	Very limited installation history in California (has 

been installed in over 60 sports field since 2005)

$5.20

U
S

 G
R

E
E

N
T

E
C

H
 

E
N

V
IR
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100% cork, derived 

directly from cork 

trees.

Yes Yes •	Fully Organic material

•	Good compression and compaction 

characteristics

•	Proven heat reduction

•	No water needed

•	Natural UV Resistance

•	 Infill looks like natural soil

•	Fire-retardant

•	No smell

•	Expensive option with additional long term 

maintenance requirements

•	Some migration of infill may occur

•	Low density allows material to float, cling to 

fibers with static charge

$5.25
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Mixture of recycled 

turf and TPE.

Yes No •	Great playability characteristics (plays 

close to high end Cryogenic rubber/sand 

infill system)

•	Good compression and compaction 

characteristics

•	Tested rigorously for mechanical wear 

and weathering.

•	Slight heat reduction

•	High quality TPE with a strong 

environmental story (recycled turf)

•	Made in North America

•	Very expensive

•	Limited supply

•	Limited installation history

•	Can only be used with monofilament 2” high 

carpet

$5.55
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ZeoFill is 97.6% pure 

Clinoptilolite, a natural 

silicate zeolite.

Yes Yes •	Listed as Organic by Organic Materials 

Research Institute (OMRI) as a 

“Deodorizer Infill”.

•	 Its molecular structure absorbs moisture 

and evaporates moisture and can cool 

artificial turf fibers as much as 20 degrees.

•	Zeofill has a negative charge that attracts 

liquid ions that carry a positive charge 

such as ammonia found in urine and 

prevents ammonia from turning into a 

gas, therefore eliminating urine odor.

•	More suitable for urine order control for artificial 

turf in pet yards rather than as infill in a sports 

field.

•	Durability is questionable and could break down 

to dust and become too hard and affect player 

performance.

•	Requires irrigation or rainfall for cooling.

•	Can be abrasive 

•	Too lightweight: Inadequate ballast to stabilize 

turf carpet

$5.55 

(Plus irrigation) 

(Plus pad)

Z
E

O
FI

LL

N
IK

E
 G

R
IN

D

Proprietary rubber 

mixture from running 

shoes. By-product of 

the shoe production 

process.

No No •	Not “SBR” rubber. 

•	Less public perception of health risks

•	Play is similar to a sand/rubber field

•	No pad needed

•	Post-industrial recycled material

•	Still rubber, just not SBR tire rubber. 

•	Multi-color rubber, different “look”

•	Limited supply (40 fields/year)

•	Unknown control over source of supply

•	Waste from Asia

$6.00
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Primarily coconut 

husks, coconut peat 

and rice husks.

Yes Yes •	Fully Organic material

•	Proven heat reduction

•	Natural UV Resistance

•	 Infill looks like natural soil

•	Natural product–not chemically produced

•	Provides playing characteristics similar to 

natural turf

•	Retains water for evaporative cooling

•	Fiber material will break down over time.

•	Requires a watering system and water to 

maintain playability

•	Some migration of infill may occur

•	Additional maintenance needed

•	Higher Price

•	Requires more maintenance and refreshing than 

crumb rubber fields

•	Limited resilience

•	Organic Infill Field in San Carlos reported to 

require irrigation for one-hour per night

$6.35

(plus irrigation)
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Thermoplastic 

elastomers consist of 

materials with both 

thermoplastic and 

elastomeric properties.

Yes No •	Strong history; product has been installed 

on over 500 fields worldwide for the past 

10 years

•	Virgin material, raw materials can be 

controlled

•	Consistent shape

•	Good compression and compaction 

characteristics

•	Can be melted so they can be recycled 

after use

•	Can be colored

•	Varying grades of TPE. Improper formulation can 

lead to premature aging issues and potential 

failure (well documented cases)

•	Very expensive; higher quality materials must 

be imported from Europe

•	All particles are the same size– do not settle 

together

•	Round particles can create slipping problems on 

sidewalks or tracks

•	Virgin material

$7.05
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Pros:    
• Proven performance over 2 decades 
• 12,000 fields installed in the U.S.   

 
• Durable/low maintenance system    

    
• Environmentaly friendly   
• Independent studies confirm safety of crumb rubber 
• Recycling tires help reduce waste material
• Infill can be recycled for future use   

 
Cons:    
• Negative PR driven by media and environmentalists 

   

Color: Black/infill tracking     
   

Cost:  Base Case    
    
46 oz system, 2.25"    
3.5 lbs of rubber    
1.7 lbs of rounded sanded 

       Recycled Crumb Rubber 

Pros:    
• Same benefits of crumb rubber
    
• Green coating encapsulates rubber   

 
• Provides enhanced aesthetics    

    
• Helps to reduce field temperature (23-25 degrees) 

   

    
Cons:    
• Increased cost   
• Cost can be mitigated with cool cap system  

Potentially same PR issues as crumb rubber 
• (Encapsulation of rubber helps mitigate PR issue)  

  

Color: Green

Cost: Add $.35 per sqft for Infill

CoolCap: 2lbs of Crumb rubber and 1.5 lbs of CoolFill 
Cost: Add $.15 per sqft   

            Same turf system as crumb rubber

           SPRINTURF CoolFill 
Pros:    
• Virgin materials    
• Removes the “recycled” stigma   

 
• Material is more uniform in size versus crumb    

rubber      
  

    

Cons:    
• Limited “in field” experience   
• Unproven long term performance   
• Bulk density requires more infill
• Significantly higher per sqft cost  

 

Color: Green

System 1
Cost: Add $4.00-$4.25 per sqf
46 oz system, 2.25”
4.5 lbs of TPE/EPDM, 1.7lbs of sand

System 2
Cost: Add $3.00 - $3.25 per sqft for Infill
52 oz system, 1.75” with thatch
1 lb of TPE/EPDM, 4.5lbs of sand
14mm pad

Pros:    
• Eliminates the crumb rubber PR issue 
• FIFA certification for Soccer fields   

    

    
   
    

Cons:    
• Limited “in ground” history   
• Limited history with American Football fields
• Required field watering to avoid hardening
• Requires additional infill over life of the field
• Increased per sqft cost    

 
Color: 

System 1
Cost: Add $1.50-$1.75 per sqf
46 oz system, 2.25”
3.5 lbs sand, 2lbs organic

System 2
Cost: Add $3.00 - $3.25 per sqft for Infill
52 oz system, 1.75” with thatch
1.25 lbs of organic, 4 lbs of sand
14mm pad

       TPE/EPDM Virgin Infills            Organic Infill 

* All Cost are estimates and could vary by location and type of turf system
* Note: Nike Grind is not listed due to limited availability and lack of performance history

       SPRINTURF INFILL SUMMARY 

CRUMB RUBBER

NIKE GRIND

COOLPLAY V2

US GREENTECH ENVIROFILL

ECOMAx

TPE

GREEN COATED SBR

ZEOFILL

ORGANIC (CORK BASED)

ORGANIC (FIBER)

TABLE OF SYNTHETIC TURF INFILLS (TABLE 02-01) 

CRUMB 

RUBBER INFILL 
DESCRIPTION SHOCK PAD REQUIRED?

ADDITIONAL MAINTENANCE 

REQUIRED?
ADVANTAGES DISADVANTAGES

PRICE PER SQUARE 

FOOT

CRUMB 

RUBBER INFILL 

S
B

R
/S

A
N

D

styrene-butadiene 

rubber (SBR) describe 

families of synthetic 

rubbers derived from 

styrene and butadiene

No No •	Proven performance over two decades

•	11,000 fields installed in the U.S.

•	Durable/low maintenance system

•	Environmentally friendly

•	 Independent studies confirm safety of 

crumb rubber

•	Recycling tires help reduce waste 

material

•	 Infill can be recycled for future use

•	Public perception of health risks based on 

November 2014 NBC News story

$4.50

S
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R
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ALTERNATE INFILL
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U
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Ambient or cryogenic 

SBR crumb rubber 

coated with colorants, 

sealers, or anti-

microbial substances.

No No •	Coated rubber provides additional 

aesthetic appeal, reduction of dust by 

products during the manufacturing 

process and complete encapsulation of 

the rubber particle

•	Color rubber, different “look” 

•	Still SBR tire rubber. $4.75
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Extruded cork 

composite, made up 

primarily of natural 

cork, polyethylene and 

elastomers.

No No •	Organic and Virgin material on top of the 

field where athletes come into contact 

with the infill.

•	Proven heat reduction - Significant 30-35 

degree heat reduction

•	No change in Playability vs. Sand/

Cryogenic rubber system.

•	Natural UV Resistance

•	Good compression and compaction 

characteristics

•	Least expensive option

•	Crumb rubber still utilized in the system 

•	Breakdown of top cork layer over time

•	Virgin material

$4.90
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Rounded quartz sila 

sand from Texas 

coated with an acrylic 

polymer

Yes Some due to possible sand 

migration if the turf does not 

have a thatch layer

•	Firm and fast playing surface 

•	Can be 25% cooler surface temperature 

compared to SBR rubber 

•	Has antimicrobial coating 

•	Durable and reusable for multiple turf 

life cycles  

•	16 year warranty on infill 

•	Environmentally clean product 

•	 Infil can be re-coated after two life cycles

•	Good ballast for turf carpet 

•	Surface can be too firm 

•	Sand can be abrasive 

•	The infil is manufactured by a non-turf company, 

so the turf manufacturer would have to be 

agreable to use the infill in their system 

•	 infil manufacturer recommends to use a turf 

system with a thatch layer and limited pile 

heights to 1.5”-1.75” for monofilament and 1” 

thick thatch layer for silt film 

•	Ultimate end of life disposal could be a challenge 

•	Very limited installation history in California (has 

been installed in over 60 sports field since 2005)

$5.20
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100% cork, derived 

directly from cork 

trees.

Yes Yes •	Fully Organic material

•	Good compression and compaction 

characteristics

•	Proven heat reduction

•	No water needed

•	Natural UV Resistance

•	 Infill looks like natural soil

•	Fire-retardant

•	No smell

•	Expensive option with additional long term 

maintenance requirements

•	Some migration of infill may occur

•	Low density allows material to float, cling to 

fibers with static charge

$5.25
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Mixture of recycled 

turf and TPE.

Yes No •	Great playability characteristics (plays 

close to high end Cryogenic rubber/sand 

infill system)

•	Good compression and compaction 

characteristics

•	Tested rigorously for mechanical wear 

and weathering.

•	Slight heat reduction

•	High quality TPE with a strong 

environmental story (recycled turf)

•	Made in North America

•	Very expensive

•	Limited supply

•	Limited installation history

•	Can only be used with monofilament 2” high 

carpet

$5.55
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ZeoFill is 97.6% pure 

Clinoptilolite, a natural 

silicate zeolite.

Yes Yes •	Listed as Organic by Organic Materials 

Research Institute (OMRI) as a 

“Deodorizer Infill”.

•	 Its molecular structure absorbs moisture 

and evaporates moisture and can cool 

artificial turf fibers as much as 20 degrees.

•	Zeofill has a negative charge that attracts 

liquid ions that carry a positive charge 

such as ammonia found in urine and 

prevents ammonia from turning into a 

gas, therefore eliminating urine odor.

•	More suitable for urine order control for artificial 

turf in pet yards rather than as infill in a sports 

field.

•	Durability is questionable and could break down 

to dust and become too hard and affect player 

performance.

•	Requires irrigation or rainfall for cooling.

•	Can be abrasive 

•	Too lightweight: Inadequate ballast to stabilize 

turf carpet

$5.55 

(Plus irrigation) 

(Plus pad)
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Proprietary rubber 

mixture from running 

shoes. By-product of 

the shoe production 

process.

No No •	Not “SBR” rubber. 

•	Less public perception of health risks

•	Play is similar to a sand/rubber field

•	No pad needed

•	Post-industrial recycled material

•	Still rubber, just not SBR tire rubber. 

•	Multi-color rubber, different “look”

•	Limited supply (40 fields/year)

•	Unknown control over source of supply

•	Waste from Asia

$6.00
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Primarily coconut 

husks, coconut peat 

and rice husks.

Yes Yes •	Fully Organic material

•	Proven heat reduction

•	Natural UV Resistance

•	 Infill looks like natural soil

•	Natural product–not chemically produced

•	Provides playing characteristics similar to 

natural turf

•	Retains water for evaporative cooling

•	Fiber material will break down over time.

•	Requires a watering system and water to 

maintain playability

•	Some migration of infill may occur

•	Additional maintenance needed

•	Higher Price

•	Requires more maintenance and refreshing than 

crumb rubber fields

•	Limited resilience

•	Organic Infill Field in San Carlos reported to 

require irrigation for one-hour per night

$6.35

(plus irrigation)
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Thermoplastic 

elastomers consist of 

materials with both 

thermoplastic and 

elastomeric properties.

Yes No •	Strong history; product has been installed 

on over 500 fields worldwide for the past 

10 years

•	Virgin material, raw materials can be 

controlled

•	Consistent shape

•	Good compression and compaction 

characteristics

•	Can be melted so they can be recycled 

after use

•	Can be colored

•	Varying grades of TPE. Improper formulation can 

lead to premature aging issues and potential 

failure (well documented cases)

•	Very expensive; higher quality materials must 

be imported from Europe

•	All particles are the same size– do not settle 

together

•	Round particles can create slipping problems on 

sidewalks or tracks

•	Virgin material

$7.05
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Lacrosse players on natural grass field at Indian Valley Campus, Novato, California. 
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BENEFITS AND CONSTRAINTS OF SYNTHETIC 
TURF (INCLUDING HEALTH/INJURY ANALYSIS) 

NATURAL ATHLETIC GRASS FIELDS 

Natural athletic grass fields are typically limited to a maximum 
of 600 to 700 hours of use per year and should be closed to 
use when the fields are wet.  Natural grass fields consume 
water, require mowing, edging, fertilizing and applications 
of chemicals for fertility, weed and pest control, as well as 
annual top dressing and overseeding.  If natural athletic 
grass fields are not maintained free of ground rodents, 
then the field surface can become irregular and unsafe for 
athletes. The bare soil of baseball infields require grooming, 
watering and seasonal top-dressing; and are a source of 
erosion, sedimentation and dust.

Synthetic turf can be used approximately 3,000 hours a 
year (average of eight hours per day seven days per week).  
Because it is designed to be rapidly draining, play can take 
place in the rain and after the rain without damage to the turf.  
Synthetic turf fields are far more uniform and consistent than 
most natural turf fields and therefore are a safer surface on 
which to practice and compete.  In addition, they are made of 
resilient materials that provide a level of impact attenuation 
that is difficult to obtain on hard overused natural turf fields.  
The resilient materials are part of the simulated grass and 
provide a natural turf-like texture much like natural turf 
grown in soil.

From a use standpoint, infill synthetic surfaces can be used 
two to three times more than a natural grass field.  To develop 
a natural grass park that provides the use benefit of one 
synthetic turf field would require at least three or four natural 
turf sports fields.  Given that one field and the surrounding 
grading, safe zones, team areas and spectator areas take up 
approximately three acres, then at least nine acres of natural 
grass fields would be required to yield the same net use as 
three acres of one synthetic field. (Amato, 2007)

We estimate that converting the natural turf fields at the Hill 
Recreation Area to synthetic turf would result in a savings 
of approximately 8 million gallons of water per year and a 
savings of approximately $35,000.00 per year for the cost of 
water.  It should also be noted that the North Marin Water 
District has identified the Hill Recreation Area as a future 
candidate site for irrigation with reclaimed water.  If the 
natural turf fields at the Hill Recreation Area were irrigated 
with reclaimed water, then converting those fields to 
synthetic turf would not result in a water savings.  It would 
however, result in saving the cost of reclaimed water and the 
need for natural grass maintenance.

We estimate that converting the natural turf fields at the IVC 
ball fields to synthetic turf would result in a water savings 
of approximately 5 million gallons of water per year and a 
savings of approximately $25,000.00 per year for the cost of 
water.

“Numerous studies have been conducted 
assessing the likelihood of injury on 
natural grass and synthetic turf. Some 
studies reveal that there is very little 
difference in the rate, type, severity, or 
cause of injuries obtained on natural grass 
or synthetic turf.”
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BENEFITS OF SYNTHETIC TURF

SUMMARY OF BENEFITS

•	 Quality

•	 Increased hours of use

•	 Water savings

•	 Year-round use

•	 All-weather play

•	 Decreased maintenance requirements

•	 Reduced cost per hour of play 

•	 Better-quality play experience in terms of uniformity, 
comfort, safety and performance

•	 Durability

•	 Multipurpose surface opportunity

•	 Reduced serious injuries

•	 No erosion or mud

•	 Cleaner uniforms

MAINTENANCE

•	 No erosion or mud

•	 No soggy soils

•	 No mowing

•	 No fertilizers 

•	 No pesticides

•	 No herbicides

•	 No re-sodding 

•	 No overseeding 

•	 No aerating 

•	 No weeding 

•	 No field rest or closure during rainy season

•	 Conserves water (also an environmental benefit)

•	 Less annual maintenance cost

•	 Permanent field markings require less labor and 
materials

EIGHT-YEAR WARRANTY

•	 Quality and durability assurance

•	 Safety assurance

•	 Easily repairable

•	 Base likely to have longer life such as 20 to 30 years

•	 Insured warranties are available to provide protection 
to the City

ENVIRONMENTAL

•	 Eliminates use of fertilizers, herbicides and pesticides

This page: J.J. Byrne 
Playground’s Synthetic 
Turf Field, Brooklyn, 
New York.
Opposite page: Syn-
thetic turf field showing 
overlap of soccer field 
over baseball fields.
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•	 Uses little water

•	 Does not require fossil fuel consumption for mowing

•	 Uses rubber tire waste

•	 Semipermeable due to its capacity to absorb water

•	 Some storm drainage storage capacity

•	 Some filtration of environmental pollutants

•	 Uses less PVC than natural turf because it does not 
require irrigation piping

•	 Most of the product is recyclable

FEWER SERIOUS INJURIES

A five-year prospective study compared game-related high 
school football injuries between synthetic turf and natural 
grass playing surfaces. In the study, a total of eight Texas 
high schools were evaluated over five competitive seasons. 

Synthetic turf had higher incidence of zero-days time 
loss injuries, non-contact injuries, surface/epidermal 
injuries, muscle-related trauma and injuries during higher 
temperatures. 

Natural grass had higher incidence of 1-to-2-days time loss 
injuries, 22+ days time loss injuries, head and neural trauma, 
and ligament injuries. (Michael C. Meyers, PhD, FACSM and 
Bill S. Barnhill, MD, 2004)  

In 2006, Jay H. Williams Ph.D., of the Department of Human 
Nutrition, Foods and Exercise, Virginia Tech, Blacksburg, 
Virginia, prepared a paper entitled: How Safe Are the New 
Artificial Turf Fields?  He reviewed the findings of independent 
studies of European soccer players and the NCAA Injury 
Surveillance System for the 2005 and 2006 seasons and 
reported: 

It appears that the potential and risk for injury is not increased 
for athletes playing on artificial turf fields compared to 
natural grass fields. The potential for head or lower limb 
injury is low and similar between artificial turf and natural 
grass fields. Some studies raise the possibility that artificial 
turf surfaces might actually reduce the risk of some types of 
injury. (Williams, 2006.)

PROMOTES HEALTH AND WELLNESS

Along with healthy eating, regular physical activity can 
lower the risk of becoming obese and developing related 
diseases such as cardiovascular disease and diabetes 
(Centers for Disease Control and Prevention).  A July 2008 
press release by The National Institute of Child Health and 
Human Development (NICHD) announced the conclusion of 
a long-term study that found a sharp drop in activity levels of 
American children between age 9 and age 15.  NICHD wrote, 
“Helping American children maintain appropriate activity 
levels is a major public health goal requiring immediate 
action.” The 2005 Dietary Guidelines for Americans 
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recommends that children and adolescents engage in at least 
60 minutes of physical activity on most, preferably all, days 
of the week. (See http://www.health.gov/dietaryguidelines/
dga2005/document/default.htm.)  The CDC recommends 
that adults engage in at least 150 to 300 minutes of physical 
activity per week.

“According to the Trust for Public Land, low-income 
communities of color have reduced access to community-level 
physical activity settings. Research has shown that physical 
activity is an effective strategy for obesity intervention 
(Floriani). Teens reporting no access to safe parks are more 
likely not to engage in any physical activity compared to 
teens who have such access (Babey). Living close to a park 
is a critical determinant of park use and physical activity in 
low-income and minority communities (Cohen). The highest 
expenditure of energy was associated with soccer fields, 
playgrounds, basketball, tennis and volleyball courts as 
opposed to dog play areas, picnic shelters, baseball fields 
and open-space areas (Cohen). Adolescent girls were more 
likely to engage in physical activity where there were multiple 
activities at one site, and when the site was well lighted and 
clean and safe (Pate). (Summary of Findings by Study Group 
on Obesity, Synthetic Playfields Task Force Findings and 
Department Recommendations, San Francisco Recreation 
and Park Department, 2008)

Providing year-round, safe, dry and accessible synthetic turf 

athletic fields can support people to get regular physical 
activity.  Providing year-round, safe and accessible synthetic 
turf can support older adults to get outdoors for physical 
activity, i. e.: Tai Chi, Yoga, walking, running, stretching, 
cardiovascular/aerobic exercise, callisthenic exercises, 
balance training exercises such as: backward walking, 
sideways walking, heel walking, toe walking, and practicing 
standing from a sitting position.

CONSTRAINTS OF SYNTHETIC TURF

ExPENSIVE

A synthetic turf field costs about twice as much to construct 
as a natural turf field. 

SURFACE TEMPERATURE

Synthetic turf fields warm up fast on clear sunny days and 
cool down rapidly when the sun is not shining.  Athletes 
using synthetic fields on sunny days may experience high 
field surface temperatures (McNitt, 2007).  High temperatures 
transfer heat from the surface to the sole of an athlete’s 
foot, which can contribute to dehydration, heat exhaustion 
and burns (Forman, 2007).  Some people suggest delaying 
activity if the field surface temperature is above 125 degrees 
F (STMA, 2007).  

Some organizations have installed irrigation systems to cool 

Children playing on synthetic turf field.
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the surface temperatures.  Irrigation may have a dramatic 
effect on surface temperature for a limited time and a limited 
effect over a longer time.  During 2004 and 2005, Andy 
McNitt of Penn State evaluated the effect of irrigation on 
surface temperatures. The application of water significantly 
lowered the surface temperatures of all synthetic surfaces.  
Temperatures rebounded somewhat after 15 minutes and 
then remained relatively stable at an average 15 degrees F 
lower  surface temperature for 200 minutes (McNitt, 2007).   

In San Francisco Bay Area counties that are climatically 
influenced by the cooling effects of the Pacific Ocean—such 
as parts of Marin County—it is not common to water fields to 
cool the surface temperatures of the fields.  At Novato High 
School and San Marin High School, synthetic turf fields have 
been used since 2005 without the need to cool the fields with 
water. 

In Novato, if synthetic turf fields are used, it may be prudent 
to include space adjacent to the fields where athletes and 
spectators can take relief from the surface temperature of 
the synthetic turf field surface on sunny days.  These respite 
areas could include water, permanent shade structures, 
temporary “pop-up” shade structures, natural grass, trees, 
and places to sit and rest.  A nearby restroom may also be 
beneficial to the athletes and spectators.  Each field should 
also have potable water and a perimeter quick coupler 
irrigation system. We do not recommend water cannons for 

these fields.  Signs should be posted at synthetic turf fields 
and field staff should be instructed about potential heat-
related risks involving synthetic turf, including overheating 
and dehydration. A two-page Synthetic Turf Field Health and 
Safety Plan to provide guidelines for users of synthetic turf 
fields, including athletes, coaches, field staff, parents and all 
other persons directing or participating in activities on the 
synthetic turf fields, is recommended.

HEALTH AND ENVIRONMENTAL CONSIDERATIONS

According to the Environmental Protection Agency and 
the Synthetic Turf Council, there are approximately 11,000 
synthetic turf fields in the USA and crumb rubber is used in 
98 percent of them.  It has been estimated that nationally two 
million children play on synthetic turf fields each day. 

In November 2014, NBC News issued a report that questioned 
the safety of crumb rubber in synthetic turf.  Since then many 
people have expressed concern over the safety of crumb 
rubber in synthetic turf fields. NBC’s extensive investigation, 
which included a review of the relevant studies and 
interviews with scientists and industry professionals, was 
unable to find any agreement over whether crumb turf had ill 
effects on young athletes, or even whether the product had 
been sufficiently tested.  In summary the report stated: “No 
research has linked cancer to artificial turf.”  The EPA told NBC 
News that, “more testing needs to be done.”  The agency 
also said it considered artificial turf to be a “state and local 

Children playing on natural grass, Hill Recreation Area, 
Novato, California. 

“Synthetic turf can be 
utilized around 3,000 hours 
per year, more than three 
times that of natural grass.  
This creates increased 
practice and play times.”
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decision,” and would not be commissioning further research.  
Other people have concluded that there is no reliable basis 
for the notion that crumb rubber infilled synthetic turf 
fields pose a significant risk of cancer.  In response to the 
question of the safety of crumb rubber in synthetic turf, the 
turf industry has contracted with scientists to prepare further 
studies to prove that crumb rubber is safe and has developed 
alternative infills. The State of California last prepared a study 
in 2010 and is considering budgeting further studies. 

The following is an excerpt from The Artificial Turf Fact Sheet, 
the New York City Department of Health and Mental Hygiene, 
2008:

Synthetic turf includes crumb rubber. Certain materials have 
been identified in crumb rubber, including:

•	 Polycyclic aromatic hydrocarbons (PAHs) 

•	 Metals, such as zinc and iron

•	 Volatile organic compounds (VOCs) 

•	 Latex

There are three possible ways that people might be exposed 
to the materials in crumb rubber:  

01. Accidentally ingesting small amounts of material by 
placing fingers in the mouth or not washing hands 
before eating after playing on the fields. 

02. Breathing in dust created from playing on the field or 
from vapors given off by the turf.

03. Direct skin contact with the crumb rubber.

In response to health concerns, several scientific research 
studies carried out in the United States and Europe have 
examined the chemical composition of crumb rubber. These 
studies have assessed the potential exposures and health 
risks for people using turf fields. Based on these research 
findings, health risks are unlikely from exposure to the levels 
of chemicals found in synthetic turf. However, there are 
limitations to these studies and more research is needed.

Many of the chemicals found in crumb rubber are very 
common in the urban environment and people can be 
exposed to these chemicals from other sources. People 
can be exposed through normal daily activities including 
breathing air, eating food, and by getting dirt or dust on 
their skin. For example, rubber dust is created from the wear 
and tear of tires on roads and is a source of city air and soil 
pollution. PAHs come from the exhaust of engines, smoke 
from fires and cigarettes, dust-containing soot, urban soil and 
charbroiled foods. Gasoline, paint, building materials, trees 
and many other sources release VOCs into the air. (Artificial 
Turf Fact Sheet, the New York City Department of Health and 
Mental Hygiene, 2008)

During the past two decades, there have been more than 60 

Synthetic turf field, Hall 
Middle School, Larkspur 
California.
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technical studies and reports that review the health effects 
of crumb rubber as it pertains to toxicities from inhalation, 
ingestion and dermal contact, as well as cancer. These studies 
and reports were performed during the past 22 years by 
independent organizations such as: Connecticut Department 
of Health, Hofstra University, New York State Department of 
Environmental Conservation, The New York City Department 
of Health and Mental Hygiene and University of California, 
Berkeley. 

In California, after health advocates measured high lead 
levels in artificial turf at schools and public areas in 2008, the 
state’s Attorney General sued manufacturers, who agreed to 
stop using lead-based pigments in turf. Manufacturers began 
using only lead-free pigments by the end of 2009.

Most of the synthetic turf fields in New York City currently use 
crumb rubber infill made from recycled car and truck tires.  In 
2009, a total of 113 crumb rubber athletic fields and play areas 
were tested. Crumb rubber samples were taken from each 
field and analyzed for total lead content. Aside from Thomas 
Jefferson Park, the test results for the remaining 112 fields 
and play areas were below the acceptable EPA lead level for 
soil (400 parts per million), the best standard available, and 
no potential lead hazards were found. Lead levels for the 
112 fields ranged from ‘not detected’ to 240 ppm and 96% of 
the results were less than 100 ppm. Thomas Jefferson Park 
was the only field with an elevated lead level above the EPA 

standard.  (It was subsequently removed and replaced in 
2009). The EPA standard applies to bare soil in children’s play 
areas in residential settings. This level is intended to protect 
children under six who may ingest lead in soil during play.  
(http://www.nycgovparks.org/news/reports/synthetic-turf-
tests)

A relatively recent study, published in 2010, was coordinated 
by CalRecycle and executed by California’s authority on 
environmental health hazards, the Office of Environmental 
Health Hazard Assessment (OEHHA). That investigation, 
using rigorous scientific standards, also compiled the 
existing body of scientific work on the subject.

The data from this study do not indicate any significant 
public health concerns associated with artificial turf fields 
containing crumb rubber infill from recycled tires, with the 
possible exception of an elevated risk of skin abrasions.  

REPORTS TO THE CALIFORNIA LEGISLATURE

Report on Health Impacts of Outdoor Artificial and Natural 
Turf Fields, California Department of Resources Recycling 
and Recovery; October, 2010. http://www.calrecycle.ca.gov/
publications/Documents/Tires/2011007.pdf

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 

Little League Baseball prac-
tice at Novato High School 
Baseball Field, Novato, 
California.
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Abrasions Caused by Contact with the Surface; California 
Department of Resources Recycling and Recovery; October, 
2010. http://www.calrecycle.ca.gov/publications/Documents/
Tires/2010009.pdf

PENDING REPORT

In July 2015, it was announced that CalRecycle, the State of 
California program that promotes reduction of waste, signed 
a contract with the Office of Environmental Health Hazard 
Assessment (OEHHA) to conduct a  $2.9 million study on 
the health effects of crumb rubber infill used in artificial turf 
fields.  Through April 2018, the State of California will test 
unused crumb rubber and artificial turf fields of various ages 
and at different locations within the state. Researchers will 
consider the effects of ingestion and inhalation as well as 
dermal contact in children and adults.

OTHER REPORTS

More than 50 independent and credible studies from groups 
such as the U.S. Consumer Product Safety Commission, 
U.S. Environmental Protection Agency and statewide 
governmental agencies such as the New York State 
Department of Environmental Conservation, and the New 
York State Department of Health have validated the safety of 
synthetic turf. For 40 years, under EPA oversight and OSHA-
regulated manufacturing, not one person has ever reported ill 
effects related to any materials associated with synthetic turf. 
There is no research directly linking crumb rubber exposure 
to cancer.  In addition to the California reports noted above, 
recent highlights include:

•	 The Connecticut and Massachusetts position 
statements, http://www.syntheticturfcouncil.
org/?page=CRI, are good recent validations that 
synthetic turf with crumb rubber infill does not present 
an elevated health risk.

•	 Assessment of Recent Media Reports of Cancer Among 
Soccer Players Using Synthetic Turf Fields, Laura C. 
Green, Ph.D., D.A.B.T., Consulting Toxicologist. March 
2015. (The Green Report) 

•	 According to a peer-reviewed report prepared for 
the Rubber Manufacturers Association by Cardno 
ChemRisk, Inc., an independent global scientific 
consulting firm, “regular exposure (e.g. regular play 
on ground rubber filled athletic fields) to ground 
rubber for the length of one’s childhood does not 
increase risk of cancer above levels considered by the 
State of California to be de minimus (i.e., a lifetime 
excess cancer risk of one in one million).” (August 1, 
2013, page 14). The Cardno ChemRisk report (2013) 
provides an excellent overview of all studies. 

•	 Crumb Rubber Safety Study, Prepared For Act Global, 

By R. William Tilford, PhD., February 11, 2015. 

•	 Peer Review of an Evaluation of the Health and 
Environmental Impacts Associated with Synthetic 
Turf Playing Fields, June 15, 2010, A Report by the 
Connecticut Academy of Science and Engineering. 
This is the most comprehensive study and the only 
one that has been peer reviewed.

•	 In July 2010, the Connecticut Department of Public 
Health announced that a new study of the risks to 
children and adults playing on synthetic turf fields 
containing crumb rubber infill shows “no elevated 
health risks.” 

•	 A December 2009 U.S. Environmental Protection 
Agency scoping study of the health risks from 
inhalation, ingestion and dermal contact with synthetic 
turf and crumb rubber found every test result to be 
“below levels of concern.” 

•	 The California EPA released a report dated July 2009, 
which indicated there is a negligible human health risk 
from inhaling the air above synthetic turf. 

•	 Independent tests conducted by the New York State 
Department of Environmental Conservation and New 
York State Department of Health, released in May 2009, 
concluded there were no significant health concerns at 
synthetic turf fields. 

•	 In July 2008, a U.S. Consumer Product Safety 
Commission staff report approved the use of synthetic 
turf by children and people of all ages. 

THE GREEN REPORT

Shaw Industries, Inc. recently retained Dr. Laura C. Green, 
a noted toxicologist, to review the available literature and 
studies on the safety of synthetic turf conducted in the 
United States and abroad. She evaluated the epidemiological 
literature regarding cancer in children and adolescents. 
Utilizing this background, as well as generally accepted 
toxicological principles, Dr. Green examined the risks of 
cancer associated with synthetic turf fields and considered 
reports of a possible “cancer cluster” of young, female 
soccer players whose cancers were allegedly caused by an 
exposure to the crumb-rubber infill used on synthetic turf 
athletic fields. The following are some of the highlights of Dr. 
Green’s report:

•	 There is no reliable evidence to indicate that the 
reported cases of cancer in soccer players constitute an 
actual cancer cluster, since no reports have been made 
regarding the ages, sexes, or races of the individuals, 
the particular diseases at issue, the number of cases 
expected in any given population, or the particular 
exposures of the group.
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•	 The types of cancers reported, lymphomas and 
leukemia, are among the most common types of 
cancer that develop in children and adolescents.

•	 The federal Center for Disease Control and Prevention 
(CDC) has investigated more than 100 cancer clusters, 
many of them involving children, and has never found 
an environmental cause. Instead, these clusters appear 
to arise due to chance.

•	 The type of leukemia most prevalent in childhood 
(namely acute lymphocytic leukemia), all types of 
lymphomas and brain tumors are not known to be 
caused by cigarette smoking. Since smoking does not 
cause these cancers, it is highly unlikely that the small 
exposures to chemicals from synthetic turf athletic 
fields could do so.

•	 Lymphomas are not known to be caused by 
environmental exposures to chemicals.

•	 The leukemia most prevalent in children is not 
known to be caused by environmental exposures to 
chemicals.

•	 No type of cancer in adolescents is known to be caused 
by exposure to chemicals.

•	 Scientific studies have shown that the quality of 
outdoor air in contact with synthetic turf athletic fields 
is not materially different from outdoor air in general.

After reviewing the literature, Dr. Green came to the same 
conclusion that many scientists before her have reached:  I 
find no reliable basis for the notion that crumb rubber in-filled 
synthetic turf fields pose a significant risk of cancer. Several 
groups of investigators, from academia, government, and 
consulting firms, have performed environmental monitoring 
and/or modeling studies of crumb rubber and synthetic turf 
fields, and have reached the same conclusion. 

Refer to the Bibliography of this study for a list of research 
and peer-reviewed scientific articles.

STORMWATER REQUIREMENTS

Based on current storm drainage regulations, synthetic turf 
is considered self-treating for purposes of environmental 
water quality.  Based on current storm drainage regulations, 
the synthetic turf would likely require storm water detention 
systems to not impact the local storm drain system 
downstream of the sites.  

FENCING & CONCRETE BORDERS

Synthetic turf fields should be fenced to control use and 
protect from damage such as automobile access. 

Concrete or borders (like mow bands) are necessary to 
stabilize the edge of the turf and separate it from adjacent 
vegetation.  This could be combined with adjacent paving.  

COST OF TURF DISPOSAL AND REPLACEMENT IN 8 TO 10 
YEARS

There is a burden to dispose of or recycle and replace the 
turf carpet in approximately 8 to 10 years.  The warranty is 
for 8 years and manufacturers are optimistic that the current 
generation of synthetic turf will last for 10 years.  The base 
under the turf is estimated to last at least 30 years or three 
turf cycles.  The cost to replace the turf carpet and infill is 
about $6.00 per square foot in 2015 dollars. 

SURFACE MORE ABRASIVE THAN NATURAL GRASS

The abrasiveness of synthetic turf fibers may contribute to the 
injury risk among athletes, particularly for abrasions or “turf 
burns.” The degree of abrasiveness appears to be dependent 
on the composition and shape of the turf fibers. A study 
conducted at Penn State University suggests that synthetic 
turf with nylon fibers is more abrasive than synthetic turf 
with other types of fibers.  (New York State Department of 
Health, Fact Sheet:  Crumb-Rubber Infilled Synthetic Turf 
Athletic Fields, August 2008)

While injury studies have not consistently identified 
differences in abrasion and laceration risks between natural 
and infilled synthetic turf, some types of synthetic turf may 
result in more skin abrasions.  Although very few tests 
have been performed, the available data do not suggest the 
widespread presence of infectious agents, such as MRSA, on 
synthetic turf fields. Also, the available information indicates 
that outdoor or indoor synthetic turf surfaces are no more likely 
to harbor infectious agents than other surfaces in those same 
environments. Disease outbreak investigations conducted 
in response to illnesses caused by a variety of germs (e.g., 
MRSA, Campylobacter, meningococcus, echovirus, herpes 
simplex virus, hepatitis virus, coxsackie virus) have not 
identified playing fields, either natural or synthetic, as likely 
to increase the risk of transmitting infections. Skin cuts and 
abrasions that may result from contact with athletic fields, 
including both natural and synthetic fields, are susceptible 
to infection. Athletes and others developing skin abrasions 
should clean the wounds and seek prompt medical attention. 
(New York State Department of Health, Fact Sheet:  Crumb-
Rubber Infilled Synthetic Turf Athletic Fields, August 2008)

MAINTENANCE (8-YEAR WARRANTY)

The 8-year warranty requires financial stability to be 
enforceable. It does not warranty for damage due to fire 
(melting), vandalism and damage to the base or base failure. 



“I find no reliable basis for the notion that 
crumb rubber in-filled synthetic turf fields pose 
a significant risk of cancer. Several groups of 
investigators, from academia, government, and 
consulting firms, have performed environmental 
monitoring and/or modeling studies of crumb 
rubber and synthetic turf fields, and have reached 
the same conclusion.”  (Dr. Laura C. Green, March 
11, 2015)
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REGULATIONS

There is a need to prohibit and regulate presence of wheels, 
animals, smoking, barbecue, tent stakes, food, gum, 
sunflower seeds and beverages other than water.  Fields 
need signs with references to relevant ordinances and 
permit requirements. The turf needs to be protected from fire 
because smoke from burning rubber is hazardous to health. 

DEBRIS REMOVAL

Gary Hover from Redwood City said it is common to spend 
five days per week removing debris, depending on the 
adjacency of trees.  On high school fields, players walk in line, 
the length of the field, to remove debris at the conclusion of 
team practices.

POTABLE WATER

Potable water is required to clean the field of bodily fluids.

Turf manufacturers can provide an industrial cleaner and 
conditioner, which can be used for removal of heavy dirt, 
grease, oil, hydraulic fluids, bodily fluids, sport drinks and 
carbonated beverages—and to clean the field surface, as well 
as decontaminate surrounding surfaces, such as benches, 
equipment and other items.  The industrial cleaner is diluted 
in warm or cold water and applied with a spray bottle, hand-
sprayer, backpack sprayer for small areas or an industrial 
boom sprayer for full-field application. The area should be 
brushed and rinsed with clean water.  

POSSIBLE NEED FOR SOIL STABILIZATION

Some soil conditions require the soils be lime treated in order 
to optimize the soil conditions to support synthetic turf.  Lime 
treatment is an irreversible process and it is not practical to 
remove lime treatment and restore the soil to conditions 
suitable for natural grass.

COMPARATIVE ANALYSIS

The comparative analysis table provides a summation of 
the disadvantages and advantages of both systems in a 
comparative format.
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PRACTICAL CRITERIA SYNTHETIC TURF NATURAL GRASS 

DURABILITY High Low

USEFULNESS 3,000 hours per year 

Can use during rain

~700 hours per year 

Closed during rainy season

SAFETY High Depends on quality of 

maintenance and wear

SURFACE QUALITY High.  

Has 8 years of warranty.  

Soccer balls may roll faster 

and affect play compared to 

roll on natural grass.

Depends on quality of 

maintenance and wear.  

Can vary from high-quality field 

to mud or natural dirt and dust.

INSTALLATION COST More expensive Less expensive

MAINTENANCE COST Less expensive More expensive

REPLACEMENT COST More expensive.  

Comes with a burden to 

replace, recycle or dispose in 

8 years.

Less expensive

COST PER HOUR OF 

USE (Over 8-year 

period, See page for 

Comparative Cost 

Analysis)

Less expensive More expensive

MANAGEMENT Requires regulations and 

prohibitions to protect the 

surface. Prohibitions include: 

No food, fires, barbecue, 

drinks, sunflower seeds, 

chewing gum, smoking, metal 

cleats and driving stakes.  

Also, it may require fencing to 

control access and use.

Less regulations and specialized 

restrictions required.  Some 

fencing may be required to keep 

balls on field.

MAINTENANCE 

PRACTICES

Depends on use and adjacent 

leaf litter.  Requires litter and 

debris removal, occasional 

grooming, some watering and 

annual tune-up.

Requires watering, mowing, 

fertilizing, spraying, aerating, 

turf repair, irrigation repair, 

litter removal, occasional field 

rest and closure for repairs and 

closure due to wet weather.

ENVIRONMENTAL 

CRITERIA
SYNTHETIC TURF NATURAL GRASS

EROSION AND 

SEDIMENT CONTROL

High High, if well maintained.  

Source of erosion and sediment, 

if poorly maintained or overused

STORMWATER 

FILTRATION & 

VOLUME

Filters stormwater

Surface drains rapidly to 

subsurface system.  Some 

detention is required to detain 

peak flow.

Grass can absorb and filter 

stormwater.  

Quality of stormwater infiltration 

varies by soil type and quality 

of maintenance: clay soil has 

a very low water infiltration 

rate; sand soil has very high 

water infiltration rate.  Highly 

compacted clay soils are 

impermeable and filtration is 

limited to grass blades, thatch 

and roots.

URBAN HEAT ISLAND 

EFFECT

Contributes to urban heat 

island effect similar to a 

parking lot because it absorbs 

and radiates heat.

Mitigates the urban heat island 

effect because it absorbs and 

transpires water.

USE OF RECYCLED 

MATERIALS

Can use crumb rubber from 

recycled tires

Grass clippings can be left in 

place to self compost and add 

carbon to soil.

CARBON 

SEQUESTRATION

Emits carbon due to synthetic 

manufacturing process and 

construction process.  

Maintenance equipment emits 

carbon to atmosphere.

Soil can absorb carbon if grass 

clippings are left in place.  

Maintenance equipment emits 

carbon to atmosphere. 

RADIANT HEAT Surface can be uncomfortably 

hotter than air temperature on 

a sunny day.  

Use when surface temperature 

is 125 degrees is not 

recommended.

Surface likely to be cooler than 

air temperature on a sunny day

HEALTH CONCERNS Some concern that Styrene 

Butadiene Rubber (SBR) is 

health hazard and polluting

Some concern that fertilizer, 

herbicides, pesticides, lawn 

mowers, recycled water 

and field paint are toxic and 

polluting

WATER 

CONSUMPTION

Uses less water.  

Uses potable water for 

occasional washing of body 

fluids and cooling the synthetic 

surface

Uses more water.  

Uses potable water for irrigation.  

Uses potable water for 

occasional washing of body 

fluids.

ENERGY 

CONSUMPTION AND 

GREENHOUSE GAS 

EMISSIONS 

Uses energy to manufacture 

petroleum-based materials 

and construct field.  

Uses energy for mowing and 

pumping water for irrigation.  

COMPARATIVE ANALYSIS TABLE (TABLE 03-01)
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ASSESS NEED/ FOR SYNTHETIC TURF FIELDS 
The three fields at the Hill Recreation Area are scheduled for 
use about 2,700 hours per year; about 900 hours per year/
per field, plus un-programmed use.  The scheduled hours of 
use are as follows:

•	 Novato Youth Soccer Association:  1,000 hours (37%) 

•	 Novato Unified School District:  540 hours (20%)

•	 City Sports Camps:  400 hours (15%)

•	 Novato Lacrosse:  350 hours (13%)

•	 Novato South Little League:  240 (9%)  

•	 Novato Babe Ruth:  160 hours (6%)

Hill Fields close for the winter, December 1, and open in 
February, weather permitting.

The two IVC ball fields are scheduled by the City of Novato for 
use about 3,400 hours per year; about 1,600 and 1,800 hours 
per year/per field.  The Novato Youth Soccer Association 
uses the fields Monday to Friday from 4 to 6:30pm and 
weekends from 9 am to 5 pm from late March through 
November 30.  IVC Fields are closed December 1 – March 1, 
per Environmental Impact Report.  All grass fields are also 
closed when measurable rainfall occurs.  The City of Novato 
scheduled hours of use in 2014 were as follows:  

IVC FIELD #1

•	 Novato Youth Soccer Association (practices and 
games):  951 hours (53%) 

•	 City of Novato Adult Softball Leagues:  500 hours (28%)

•	 Camp rentals:  184 hours (10%)

•	 City Sports Camps:  155 hours (9%)

IVC FIELD #2

•	 Novato Youth Soccer Association (practices and 
games):  990 hours (63%) 

•	 City of Novato Softball Leagues:  437 hours (28%)

•	 City Sports Camps:  100 hours (6%)

•	 Camp rentals:  55 hours (3%)

Soccer teams use the fields almost 1,000 hours per field per 
year.  Some of this use is by small children, who do not have 
the impact on natural grass that high school age and adult 
soccer players do.  The roughly 500 of hours of use by the 
adult softball teams does not impact the grass fields the way 
that adult soccer would since most of the softball play is on 
the skinned infield.

Beginning November 2015, the Marin County Athletic League 
(MCAL), which includes Novato and San Marin High Schools, 
will schedule the boy’s and girl’s high school soccer season 
as a winter sport from November through February; months 
when natural grass fields are normally closed.  Weekday 

“The three fields at the Hill Recreation 
Area are scheduled for use about 2,700 
hours per year; about 900 hours per year/
per field, plus un-programmed use.”
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games will be at 3:15 pm and Saturday games at 1:00 and 
3:00 pm.  Because the winter soccer season coincides with 
the normal local rainy season, the soccer teams would benefit 
from playing on synthetic turf to avoid playing on wet soil 
and damaging wet natural grass fields.  Based on this MCAL 
schedule change, the Novato Unified School District (NUSD) 
has assessed that the District does not have adequate fields 
to accommodate soccer practices and games in the rainy 
season.  Because one synthetic field at each high school 
is inadequate for NUSD winter programs, the District may 
have to limit use in winter to their own teams and eliminate 
use by outside teams, which creates a demand for synthetic 
turf fields where teams can practice and play games during 
the winter when natural grass fields are normally closed.  A 
synthetic turf field (or fields) would fill this need because of 
usability in the winter.

The Field Need Assessment Study for the City of Novato 
prepared by the Sports Management Group in 2015 
quantified the gap between the demand for fields and the 
current capacity.  To quantify the gap between the demand 
for fields and the current capacity, a measurement of field 
time or a “field slot” was assigned. The typical duration of 
a practice or game is 1.5 to 2 hours for the youngest age 
groups and 3 hours for the older age groups. To provide a 
conservative estimate of demand, an average duration of 1.5 
hours was assigned for each slot. 

The Field Need Assessment Study showed that at the current 
participation level, without additional game times, peak 
demand periods, overlapping seasons, extended seasons 
or tournament play, fields are deficient in all sport activities 
except adult softball. Youth soccer, lacrosse and football fields 
reflect more than a 200-slot (300 hours) deficiency per week, 
to serve existing needs. Youth softball and baseball are over 
a 100 slots (150 hours) deficient to meet current demand. 

These weekly hours multiplied by 50 weeks equals an unmet 
demand of over 22,000 hours per year that would require 
approximately seven synthetic turf fields at 3,000 hours of 
use per year.  

The Field Need Assessment Study also identified desired 
program growth that projected an additional 100 slots per 
week; enough to require two additional synthetic turf fields.  
Based on this study, Novato has an unmet demand for 
approximately nine synthetic turf fields.

2015 Google Earth aerial photo 
of IVC field. 
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SITE SUITABILITY MATRIx

HILL RECREATION AREA

INDIAN VALLEY CAMPUS 
BALL FIELDS

UNDEVELOPED AREA 
ADJACENT TO SKATE PARK

LYNWOOD HILL

SITE SUITABILITY
The four candidates: Hill Recreation Area, Indian Valley 
Campus ball fields, the undeveloped area next to the Hamilton 
Skate Park and Lynwood Hill were compared to each other for 
suitability for development as synthetic turf fields.  The Site 
Suitability Matrix assigns a value to 19 planning criteria, with 
the value of 1 as most suitable and 4 as least suitable.  Based 
on the criteria, the Hill Recreation Area and the Indian Valley 
Campus ball fields were found to be the most suitable.  The 
City could consider either or both the Hill Recreation Area 
and Indian Valley Campus ball fields as suitable for synthetic 
turf fields.  The following is a summary of each site: 

HILL RECREATION AREA
•	 Acres:  12.62

•	 Acres available for development:  10.85

•	 Acres available for athletic fields:  7.60

ExISTING CONDITIONS:  The site has existing sports fields 
and is adjacent to the Margaret Todd Senior Center, the 
Hill Gymnasium and the Hill Education Center.  The Hill 
Recreation Area fields, the Margaret Todd Senior Center and 
the Hill Gymnasium are owned maintained and managed by 
the City of Novato.  The Hill Education Center is owned and 
maintained by the Novato Unified School District (NUSD).  
The City of Novato and the NUSD have a joint use agreement 

to share parking facilities.  In the two public workshops for 
the Margaret Todd Senior Center and Hill Recreation Master 
Plan that occurred in May 2015, the attendees strongly 
commented that the City of Novato needs to enhance 
existing parking, provide more accessible and preferred 
parking for seniors and provide more parking for field users.  
The Master Plan will address the parking comments.  Current 
users are sports programs and camps, people walking and 
walking their dogs.  The existing sports fields are unfenced, 
so drop-in users and dog owners use the site.  The fields 
contain numerous ruts, rocks, weeds, and/or gopher holes, 
uneven surfaces and slopes. The irrigation system is old and 
inefficient. The backstops are too small and in poor condition. 
Field renovation is needed.  The City currently spends about 
$130,000.00 per year for the Hill Recreation Area’s irrigation 
water and maintenance. 

SITE ACCESS: (cars, bikes and pedestrians) Easily accessible.

TRAFFIC IMPACT:  Vehicular access from Diablo Avenue and 
Indian Valley Road does not conflict with neighborhood.  Hill 
Road is a dead-end road. 

HILL RECREATION AREA NEIGHBORHOOD COMPATIBILITY:  

There are adjacent residents’ fenced rear yards to the north.  
To the west are the Hill Valley Apartments.  South of Hill 
Road is the Novato Health Care Facility, a few single family 
homes that face the recreation area and a 10-acre residential 
property that was used for agriculture. To the northeast, the 

SITE SUITABILITY MATRIx (TABLE 05-01)
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05. SITE SUITABILITY 

View 1, from Hill Road.

View 2, north east view from Hill Road.
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Hill Education Center, Arroyo Avichi Creek, Arroyo Avichi Park 
and Rancho Elementary School are nearby.  The site is an 
existing park with existing athletic fields, thus, converting the 
existing natural grass fields to synthetic turf is compatible 
with the neighborhood.  Converting the natural grass fields 
to synthetic turf fields will increase use of the site, demand 
for parking and traffic on Diablo Avenue, Indian Valley Road 
and Hill Road.  This increase in parking demand should be 
addressed if the fields are converted to synthetic turf.

AVAILABLE AREA:  The existing sports fields are about eight 
acres and accommodate one U-14 soccer field surrounded by 
a cinder walking track and two baseball fields overlaid on two 
U-12 soccer fields.

LOCATION:  The location is near central Novato High 
School, Arroyo Avichi Park, Arroyo Avichi Creek and Rancho 
Elementary School.

CONNECTIONS:  Diablo Avenue and Indian Valley Road provide 
vehicular connections to other arterials and to Highway 101; 
Hill Road is a dead-end street.  There is pedestrian connection 
to South Novato Boulevard via Hill Road and a pedestrian 
bridge at Arroyo Avichi Creek and Rancho Elementary School.  
There is potential to improve walking and bike paths along 
Arroyo Avichi Creek.

ORIENTATION FOR FIELDS:  Two of the existing soccer 
fields orient the preferred north-south.  One of the existing 
soccer fields orients east-west.  The existing baseball fields’ 
orientation avoids the afternoon sun in the batter’s eye.

SOIL AND TOPOGRAPHY:  The site soil currently supports 
natural turf fields.  A geotechnical investigation and 
recommendations will be necessary to design synthetic turf 
fields at the site.  The topography currently accommodates 
athletic fields.  Synthetic turf fields can be flatter than natural 
turf fields and the site should be re-graded to accommodate 
synthetic turf fields. 

AVAILABLE UTILITIES:  The site has storm drainage, sewer, 
water, electrical, natural gas and communication utilities. 
The North Marin Water District may make recycled water 
available if the site remains natural grass fields. 

NOISE SENSITIVITY:  There are adjacent residents’ fenced rear 
yards to the north.  To the west are the Hill Valley Apartments.  
South of Hill Road is the Novato Health Care Facility, single 
family homes and a 10-acre residential property.  

ENVIRONMENTAL SENSITIVITY:  Not applicable. 

HISTORIC OR CULTURAL IMPACT:  The Precise Development 
Plan for the Hill Recreation Area, completed in 1988, identified 
possible on-site cultural resources. Any development at the 

site will need to assess on-site cultural resources.   The City 
is in the process of completing an updated cultural resources 
assessment.

ExPANSION POTENTIAL:  The site is landlocked and has 
limited expansion potential.  The 10-acre residential property 
south of Hill Road could be considered as future parkland, but 
is probably not a good site for athletic fields due to adjacent 
residences and on-site biological resources. 

SECURITY AND SAFETY:  The site is relatively open.  If the site 
is improved, pedestrian-level lighting, parking lot lighting 
and security lighting should be added.

ACCESS TO RESTROOMS:  The gym and the Senior Center 
have restrooms.  Field users have indicated that another 
restroom is needed because access to the restrooms in the 
gym and Senior Center is limited to the hours that those 
facilities are open.

HAZARDOUS MATERIALS:  Unknown.

POTENTIAL DEVELOPMENT IMPACTS:  Converting the natural 
grass fields to synthetic turf fields will increase use of the site 
and increase the demand for parking. Development will also 
increase traffic on Diablo Avenue, Indian Valley Road and Hill 
Road.

SUMMARY:  Good candidate site to convert the natural grass 
fields to synthetic turf fields or to convert one natural grass 
field to a synthetic turf field.

INDIAN VALLEY CAMPUS BALL FIELDS (IVC 
FIELDS) 

•	 Acres:  8 (Approximate, based on EIR Project 
Description)

•	 Acres available for development:  5.6

•	 Acres available for athletic fields:  5.6 

ExISTING CONDITIONS:  The site has existing lighted sports 
fields and parking.  In Agreement Number 2845, dated May 
14, 1996, between the City of Novato and Marin Community 
College District, the City and the District agreed for the City to 
fund, construct, maintain and manage lighted athletic fields 
on the eight-acre site at the Indian Valley Campus (IVC) in 
Novato.  The land is owned by the District; improvements and 
facilities are owned by the City.  The City currently spends 
about $130,000.00 per year for irrigation and maintenance 
of the IVC fields.  The City’s right to use the site expires 40 
years from the date of the agreement, which is May 2036.  
The agreement requires the City and the District to meet 
in good faith in the 40th year to discuss negotiation of 
another agreement to extend the City’s rights to use the site 
thereafter.  In 2015, the Marin Community College District 



05-04

05. SITE SUITABILITY 

View 1, south view from north of site.
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approached the City about converting the existing fields at 
IVC to synthetic turf.  The fields are used for summer camps a 
few weeks during the  summer Monday to Friday from 9am-
3pm. The Novato Youth Soccer Association uses the fields 
Monday to Friday from 4 to 6:30pm and weekends from 9am 
to 5pm from late March through November 30.  The City of 
Novato Adult Softball League uses the lighted fields Monday 
to Friday from 6:30-10pm from late March thru November 30.  
The District also has the right to use the fields Monday to 
Friday from 8am to 3pm September to November and March 
to May; but reportedly does not use the fields. The IVC fields 
are closed December 1 – March 1, per Environmental Impact 
Report that notes, “Limited use due to field conditions.”  The 
IVC Athletic Fields Management Program referenced in the 
Environmental Impact Report also prohibits use of the fields 
on Saturdays and Sundays after 5pm.  The site is unfenced, 
so drop-in users and dog owners use the site. Picnic tables, 
bleachers, lighted walking paths, and restrooms are also 
available at the site.  The fields are in excellent condition.

SITE ACCESS: (cars, bikes and pedestrians) Easily accessible 
via Sunset Parkway or Ignacio Boulevard; though a longer 
drive from central Novato in comparison to the Hill 
Recreation Area. Parking for field users on the IVC campus 
is limited to the 41-car “playing fields” parking lot closest to 
the fields.   More parking is available by purchasing a daily 
parking permit.

TRAFFIC IMPACT:  The roadways leading to the site can 
accommodate the ball field traffic. 

NEIGHBORHOOD COMPATIBILITY:  The site is a lighted ball 
field and surrounded by the Indian Valley Campus, campus 
corporation yard, swimming pool, organic farm and open 
space.  Some residences on hillsides overlook the site.  
Converting the natural grass fields to synthetic turf fields will 
increase use of the site, increase the demand for parking, 
and increase weekend traffic on Sunset Parkway and Ignacio 
Boulevard.  The City and the District may need to consider 
allowing use of the parking lot that also serves the IVC 
swimming pool and tennis courts. 

AVAILABLE AREA:  The existing sports fields are about five 
and one-half acres and currently accommodate two adult 
softball fields and one U-14 soccer and one U-12 soccer field 
overlaid on the outfield grass of the softball fields.

LOCATION:  The location is at the end of Ignacio Boulevard; 
somewhat remote from central Novato.

CONNECTIONS:  Accessible via Sunset Parkway or Ignacio 
Boulevard.  Also accessible to Indian Valley Fire Road, open 
space trails and bike paths.

ORIENTATION FOR FIELDS: The existing softball fields face 

southwest and northwest and could have issues because of 
afternoon sun in the batter’s eye.  The soccer fields run east-
west and northeast-southwest and are also used sideways 
by younger soccer players in the north-south direction.

SOIL AND TOPOGRAPHY:  The site currently supports 
natural turf fields and slopes about 1.3%.  A geotechnical 
investigation and recommendations will be necessary to 
design synthetic turf fields at the site.  The topography 
currently accommodates athletic fields.  Synthetic turf fields 
can be flatter than natural turf fields and so the site could 
be re-graded to accommodate synthetic turf fields.  Ideally, 
synthetic turf fields would be graded at 0.5% cross slope.  
The re-grading of the existing fields to make them flatter 
could require expensive retaining walls, embankments or 
smaller fields.

AVAILABLE UTILITIES:  The site has storm drainage, sewer, 
water, electrical and communication utilities. 

NOISE SENSITIVITY:  Due to the remote location, this does 
not appear to be an issue.  

ENVIRONMENTAL SENSITIVITY:  Not applicable.

HISTORIC OR CULTURAL IMPACT:  Since the site was 
developed in 1998, this does not appear to be an issue.

ExPANSION POTENTIAL:  The site is landlocked and has limited 
expansion potential.  The site is surrounded by undeveloped 
hills covered with oak woodland and grassy meadows, which 
makes expansion potential impractical.  

SECURITY AND SAFETY:  The site is relatively open.  
Pedestrian-level lighting has been upgraded to LED fixtures 
and provides an adequate level of light for night use; however, 
the pedestrian-level lighting poles are rotted at the base, 
likely from irrigation over-spray and should be replaced.  The 
parking lot lighting does not provide an adequate level of 
light for night use and should be improved.

ACCESS TO RESTROOMS:  There are existing restrooms.  The 
restrooms are almost 20 years old and showing some sign 
of wear and tear.  The restrooms should also be evaluated 
to meet the capacity requirements of the current California 
Building Code and may justify a renovation or replacement.

HAZARDOUS MATERIALS:  Unknown.

POTENTIAL DEVELOPMENT IMPACTS:  Converting the natural 
grass fields to synthetic turf fields will increase use of the 
site, increase the demand for parking and increase weekend 
traffic on Sunset Parkway and Ignacio Boulevard.  The City 
and the District may need to consider allowing use of the 
parking lot that also serves the IVC swimming pool and 
tennis courts. 
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View 1, entry drive view.

View 2, south view from center of site.
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SUMMARY:  This is a very nice facility and a good place for 
this type of activity.  Due to the existing use, the quality 
of facilities and existing sports lights, it is a good site to 
convert the natural grass fields to synthetic turf fields.  The 
City may also want to look into modifying the agreement 
with IVC to increase City use on weekends and December 
1 to March 1, if neighbors do not object.  This may require a 
Negative Declaration under CEQA.  If the fields are converted 
to synthetic turf, consider converting the skinned infields 
to synthetic turf to reduce maintenance and maximize the 
playing area for soccer.  Also look into relocating some 
of the existing light poles out of the existing turf area to 
maximize playing area for soccer.  This can be done while 
also accommodating light for softball and soccer. 

UNDEVELOPED AREA ADJACENT TO SKATE 
PARK

•	 Acres:  3.1

•	 Acres available for development: 3.1

•	 Acres available for athletic fields: 2.8

ExISTING CONDITIONS:  Site is adjacent to the Skate Park, 
which includes a fenced skate bowl, a small plaza, a lawn and 
a 30-car parking area adjacent to Pacheco Creek. Site was 
previously developed as a US military base and was used by 
the quartermaster and auto shop.  Underlying soils may have 
contamination from military use.

SITE ACCESS: (cars, bikes and pedestrians) Easy auto access 
from Highway 101 and adjacent Hamilton Parkway.

TRAFFIC IMPACT:  Hamilton Parkway should be able to handle 
the traffic impact.

NEIGHBORHOOD COMPATIBILITY:  Likely to be compatible.  
The future construction access road for wetlands project may 
infringe on this area.  This access road location would impact 
the Undeveloped Area Adjacent to the Skate Park, making a 
soccer field infeasible.  Site is too small to fit one 65 yard x 
110 yard (U14) soccer field.

COMPATIBILITY WITH SPORT LIGHTS:  Likely to be compatible; 
however, Hamilton residents south of site could object 
to sports lighting.  The Hamilton Community Facilities 
Implementation Plan that was prepared in the late 1990s 
proposed active sport courts in this area but did not include 
soccer field sports lights.

AVAILABLE AREA:  Approximately 3 acres.

LOCATION:  The location is in the Hamilton area in southern 
Novato near Highway 101 and adjacent to Hamilton Parkway.

CONNECTIONS:  Easy access from Highway 101 and adjacent 

Hamilton Parkway

ORIENTATION FOR FIELDS:  The field could be sited in a north-
south orientation.

SOIL AND TOPOGRAPHY: Site is relatively flat.  Site was 
developed as a US military base and was used by the 
quartermaster.  Underlying soils could be contaminated by 
military use.  Pacheco Creek could be a source of groundwater.

AVAILABLE UTILITIES:  Storm drainage, water and limited 
electrical and telephone services are available at the adjacent 
Skate Park.  Necessary utilities are likely to be in Hamilton 
Parkway.

NOISE SENSITIVITY:  Not known.

ENVIRONMENTAL SENSITIVITY:  Could be some biological 
resources on site due to Pacheco Creek.  

HISTORIC OR CULTURAL IMPACT:  Not likely due to previous 
military use.

ExPANSION POTENTIAL:  Limited due to constraints of 
Hamilton Parkway, Skate Park, Pacheco Creek and Hamilton 
residences south of site. 

SECURITY AND SAFETY:  Okay, due to openness next to 
Hamilton Parkway. 

ACCESS TO RESTROOMS:  None 

HAZARDOUS MATERIALS:  Not known.  Underlying soils may 
have contamination from military use. 

POTENTIAL DEVELOPMENT IMPACTS:  The proposed, but 
unapproved Hamilton Sports Park, proposes to place an 
access road through this site.  This access road location 
would impact the Undeveloped Area Adjacent to the Skate 
Park, so that a soccer field would not be feasible. 

SUMMARY:  Not recommended:  Site not suitable or feasible. 
Site is too small to fit one 65 yard x 110 yard (U14) soccer 
field. Site is planned for other park uses, such as basketball 
courts and tennis courts.  A synthetic turf field would displace 
these park uses.  The site soils could be problematic for a 
synthetic turf due to previous use of site by the US military 
and potential high ground water table due to adjacency of 
Pacheco Creek.  The future construction of an access road for 
the wetlands project might infringe in this area. The access 
road would bifurcate the Undeveloped Area Adjacent to the 
Skate Park.
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View 1, entry drive. View 2, entry drive parking.

View 3, from center of site looking south.
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LYNWOOD HILL
•	 Acres:  11.49

•	 Acres available for development:  2.4

•	 Acres available for athletic fields: 2 

ExISTING CONDITIONS:  Undeveloped Open Space per the 
City of Novato General Plan with a very steep road to the top 
of a hill.  Residences and a water district parcel with water 
tanks surround site.

SITE ACCESS: (cars, bikes and pedestrians) Vehicular access 
is via Novato Boulevard to Sunset Heights Parkway to 
Leafwood Heights Road through a residential neighborhood.  
Hillside topography makes ADA access difficult.  Access 
from Lynwood Drive and Kavon Court via the adjacent water 
district owned property does not appear to be feasible.

TRAFFIC IMPACT:  Vehicular access is through a residential 
neighborhood.

NEIGHBORHOOD COMPATIBILITY:  Not compatible.  Vehicular 
access to the site is through local neighborhood streets.  
The impact of construction traffic and site-use traffic on the 
neighborhood of low to middle income homes, condos and 
apartments could be seen as unreasonable.  The site is also 
too small to accommodate a full-size soccer field.  The site 
would require expensive infrastructure improvements.  The 
site is better utilized as an open space resource. 

COMPATIBILITY WITH SPORT LIGHTS:  Not compatible.  Lights 
on top of a hill would be very visible from far away.

AVAILABLE AREA: 2.0 acres.  The available area for synthetic 
turf is very limited because most of the site consists of steeply 
wooded slopes.  At the top of the slopes is a two and a half 
acre grassy meadow with rock outcroppings surrounded by 
oak woodland. This area would barely fit a regulation soccer 
field and the required support facilities such as parking and 
restrooms. 

LOCATION:  The location is near central Novato, but remote 
due to need to drive through a residential neighborhood to 
get to the site. 

CONNECTIONS:  The location is near central Novato, but 
remote due to the need to drive through a residential 
neighborhood in order to get to the site.  Hillside topography 
makes ADA access difficult. 

ORIENTATION FOR FIELDS:  The field could be sited in a north-
south orientation. 

SOIL AND TOPOGRAPHY:  Rock outcrops on hilltop could be 
problematic to excavate and grade. 

AVAILABLE UTILITIES:  Storm drainage is available at base of 
hill.  Other utilities would need to be brought to the site. 

NOISE SENSITIVITY:  Because the site is currently open space, 
changing it to a synthetic turf soccer field could have noise 
impacts on the neighborhood from traffic and users. 

ENVIRONMENTAL SENSITIVITY:  Site is an undeveloped 
grassland hilltop surrounded by native oak woodland.  
Development may be incompatible with likely biological 
resources.  

HISTORIC OR CULTURAL IMPACT:  Not known.  

ExPANSION POTENTIAL:  Very limited due to hill top 
topography and surrounding oak woodland. 

SECURITY AND SAFETY:  Remoteness of site could be an 
issue. The neighborhood had four police call-outs in the last 
five years, and all occurred in 2010.  Call-outs were for graffiti, 
mailbox destruction, a vehicle parked for more than a week 
and fire at a residence.

ACCESS TO RESTROOMS:  None

HAZARDOUS MATERIALS:  Not known.

POTENTIAL DEVELOPMENT IMPACTS:  An undeveloped site 
might not have neighborhood support.

SUMMARY:  Site not suitable or feasible. Site is too small 
to fit one 65 yard x 110 yard (U14) soccer field and support 
facilities. Rock out-cropping would require costly excavation.  
Utilities would be expensive to bring to the top of the hill.  
Hilltop site is not ADA accessible nor amenable to bicycle 
access, so most users would likely access the site by car, 
which would require a parking lot and a restroom at the top 
of the hill.  This further limits the area available to develop 
a synthetic turf soccer field; site is more suitable as open 
space.
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This page: Existing sports lights at Indian Valley Campus (IVC), Novato, California. Opposite page: Evolution of light control. 
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LIGHTING 

PERMANENT SPORTS LIGHTING OPTION

Today’s sports lighting technology is much different than 
27 years ago or even 10 years ago. Today’s sports lighting 
technology minimizes neighborhood impacts, spillover, 
glare and light beyond the perimeter of the field.  

Below is a budget estimate for a theoretical multi-use field 
based on utilizing eight poles in lieu of the standard four and 
a single row of fixtures, rather than the standard double row. 
Although the cost is higher, this substantially reduces glare.  
If the City would like to consider sports lighting, it will require 
further study.  LED lighting has recently been developed 
for lighting of sports fields and is being considered for the 
lighting of existing multi-use fields in the San Francisco Bay 
Area.

HARD COSTS: 

Lighting Package     $450,000 

Electrical Feeders (Average 500’)    $110,000

Switchgear      $25,000

Security Lighting     $40,000

TOTAL HARD COSTS     $625,000 

SOFT COSTS: 

Design and Engineering     $65,000

Other Soft Costs     $60,000

CEQA (Allowance, does not include legal fees) $125,000

TOTAL SOFT COSTS     $250,000

TOTAL COST PER SITE     $875,000

INDIAN VALLEY CAMPUS EXISTING SPORTS LIGHTS

EVOLUTION OF LIGHT CONTROL 

©2015 Musco Sports Lighting, LLC · M-1909-en04-1

Solutions for Lighting

Solutions for Lighting

Solutions for Lighting

What Matters in Lighting Technology Light Control

1977
SportsCluster®

1989
SportsCluster®•2

1989
SportsCluster®•2

with Level 8™

1989
Total Light

Control™

2005
Light·Structure
Green™ System

HID

2015
Light·Structure
Green™ System

LED

2015
Other Luminaire

Manufacturer
LED

Used equal parameters for:
• On-field light level per pole
• Wattage per luminaire
• Mounting height

•  Luminaire aiming angles
• Pole distance from aiming point 

Photographed at 100 ft (30 m) from field edge
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Edmonds Woodway High School, Edmonds, Washington (2015).
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FACILITY ACRES LABOR, EQUIPMENT & 
MATERIALS, TOTAL

WATER LABOR, EQUIPMENT & MATERIALS PER 
80,000 SQUARE FEET

HILL RECREATION AREA 7.6 acres $90,000.00 $35,000.00 $24,000.00

IVC BALL FIELDS 5.6 acres $100,000.00 $25,000.00 $32,000.00

TASK COST

Annual Inspection and testing with the ASTM F1936 device to record the surface hardness (Gmax) of the field and verify that the field is safe 

and meets the warranty requirements.  

$1,000

Annual contract for grooming and topdressing with “Zamboni-like” machine once per year to maintain a safe and clean field.   $6,000

As needed, sweeping, blowing of debris and trash removal dependent on adjacent conditions, wind and behavior of users.   $2,000

As needed, infill topdressing of wear spots.   $1,000

As needed, sweeping, blowing of debris and trash removal dependent on adjacent conditions, wind and behavior of users.   $2,000

As needed, infill topdressing of wear spots.   $1,000

As needed, potable water application to clean field for safe use.    $1,000

TOTAL $11,000

ANNUAL MAINTENANCE COST FOR 80.000 SF NATURAL TURF FIELD (TABLE 07-01)

ANNUAL MAINTENANCE COST FOR 80,000 SF SYNTHETIC TURF FIELD  (TABLE 07-02)
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COST ANALYSIS 

NATURAL GRASS FIELD CONSTRUCTION:

For budgeting purposes, we recommend a unit cost of $10.00 
per square foot (hard costs) for developing a natural grass 
field, plus $5.00 per square foot for additional items such as 
pathways and fencing for a total cost of $15.00 per square 
foot (hard costs).  This is based on the following general unit 
costs:

•	 Turf:  $2.00

•	 Irrigation:  $2.00

•	 Site Preparation:  $1.00

•	 Earthwork:  $1.50

•	 Sand drainage:  $1.50

•	 Storm drainage and utilities:  $1.00

•	 Contingency:  $1.00

•	 Subtotal:  $10.00

ADDITIONAL ITEMS:

•	 Fencing and site furnishings: $3.00

•	 ADA path of travel improvements: $2.00

•	 Subtotal: $5.00

•	 Total: $15.00 per square foot.  Actual cost may vary 
depending on field conditions.

SYNTHETIC TURF FIELD CONSTRUCTION:

For budgeting purposes, we recommend a unit cost of $20.00 
per square foot (hard costs) for converting natural grass 
fields to synthetic turf fields.  This is based on the following 
general unit costs:

•	 Turf: $5.50

•	 Underlayment:  $2.00

•	 Site Preparation:  $2.00

•	 Earthwork and base:  $2.00

•	 Storm drainage and utilities:  $2.50

•	 Concrete border and other amenities:  $1.00

•	 Subtotal:  $15.00

ADDITIONAL ITEMS:

•	 Fencing and site furnishings:  $3.00

•	 ADA path of travel improvements:  $2.00

•	 Subtotal  $5.00

•	 Total  $20.00 per square foot.  Actual cost may vary 
depending on field conditions.

The Hill Recreation Area has a potential area of approximately 

330,000 square feet (7.6 acres) of synthetic turf.  At a cost 
of $20.00 per square foot, we recommend a development 
budget of $6,600,000.00. 

The IVC fields have a potential  of approximately 245,000 
square feet (5.6 acres) of synthetic turf.  At a cost of $20.00 
per square foot, we recommend a development budget of 
$4,900,000.00.  The IVC fields have some storm drainage, 
utilities and path of travel in place.  The restroom may need 
to be replaced or upgraded and the path lighting and parking 
lot lighting should be upgraded.  The sports lights poles 
could also be moved out of the synthetic turf field in order 
to maximize the playable area and reduce chances of players 
running into poles. 

AVAILABLE FUNDING

The City of Novato Adopted Fiscal Sustainability Plan 
identified the use of Local Measure F Sales Tax funding to 
fund a one-time investment opportunity for at least one 
synthetic turf sports field.  Additional funding may also be 
available from Marin County Parks Measure A funding. 

The California Department of Resources Recycling and 
Recovery (CalRecycle) offers the Tire-Derived Product (TDP) 
Grant Program to promote markets for recycled-content 
products derived from waste tires generated in California and 
to decrease the adverse environmental impacts created by 
unlawful disposal and stockpiling of waste tires.  http://www.
calrecycle.ca.gov/Tires/Grants/Product/.  The maximum grant 
amount is $150,000.00.  The TDP Program provides grants for 
the purchase of various tire-derived products including, but 
not limited to: landscape mulch or bark, playgrounds, tracks, 
sidewalks, sport surfacing, traffic safety products, greenways 
and parklet materials.  Funding may also be available from 
the Land and Water Conservation Fund and the US Soccer 
Foundation. 

ANNUAL MAINTENANCE COSTS 

The cost for annual maintenance of the existing fields at Hill 
Recreation Area and the IVC ball fields is about $125,000 
per year including weekly mowing, trash removal, irrigation 
check and repair, quarterly pesticide application, quarterly 
gopher control, annual field renovation, infield preparation, 
goal removal/install, equipment, fertilizer and water.  The IVC 
fields are maintained in excellent condition while the fields at 
the Hill Recreation Area are in poor to fair condition. We have 
used the IVC labor, equipment & materials cost of $32,000.00 
per 80,000 square feet field.  See Table 07-01 at left. 

For annual synthetic turf maintenance, we recommend a 
budget of $11,000 per 80,000 square-foot field.  See Table 07-
02 at left.
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ONGOING OPERATING COSTS 

We recommend a replacement frequency of 8 years to 
correspond with the synthetic turf warranty period.  At a cost 
$6.00 of per square-foot, an 80,000 square-foot field would 
cost approximately $480,000.

COST/BENEFIT ANALYSIS 

SITE DEVELOPMENT COSTS 

The tables above show the site development costs of one 
adult regulation (80,000 square feet) natural turf field and 
one adult regulation synthetic turf field over an 8-year life 
cycle. 

BASIS OF LIFE CYCLE

The life cycle analysis of each surface includes the natural turf 
field renovation and synthetic turf field replacement in eight 
years, equal to the life of the synthetic turf warranty.  Based 
on an eight-year life cycle, including initial construction, 
maintenance and water, the resulting analysis shows the cost 
of the synthetic turf field to be more expensive.  However, the 
synthetic turf field is three times more usable, which results 
in a cost per hour of use to be about a third of the cost per 
hour of use of natural turf.  In summary, synthetic turf fields 
provide the following benefits: 

•	 Can be used year-round and in most weather 

•	 Conserves water

•	 Does not need to be closed to protect or re-sod grass 

•	 Eight-year warranty

•	 Eliminates weed growth

•	 Fewer serious injuries

•	 Has padding that helps prevent injuries 

•	 Long life with little maintenance 

•	 Needs no mowing 

•	 Promotes health and wellness by being available for 
regular physical activity

•	 Provides an even playing surface 

•	 Reduces noise level by absorbing sound

•	 Reduces the cost per hour of use

•	 Resistant to insects, mildew and fungus growth

•	 Permits reliable winter scheduling 

•	 Uses no fertilizers or pesticides 

The tables above compare the costs of one adult regulation 
natural turf field (Table 07-03) to one adult regulation synthetic 
turf field (Table 07-04) over an 8-year life cycle.  

BASED ON MAxIMUM USE OF 700 HOURS PER YEAR, 2015 

DOLLARS (TABLE 07-03)

ITEM UNIT COST UNIT QUANTITY COST

FIELD 
CONSTRUCTION

$10.00 SF 80,000 $800,000.00 

ANNUAL 
MAINTENANCE

$32,000.00 YEAR 8 $256,000.00 

RENOVATE FIELD IN 
8 YEARS

$4.00 SF 80,000 $320,000.00 

WATER USE $8,500.00 YEAR 8 $68,000.00 

TOTAL 8-YEAR COST $1,444,000.00

8-YEAR COST FOR 80,000 SF NATURAL TURF FIELD W/ SAND DRAINAGE  
 
COST PER YEAR = TOTAL 8-YEAR COST/8 YEARS     
$180,500.00 

COST PER HOUR = COST PER YEAR/700 HOURS    
$258 

BASED ON MAxIMUM USE OF 3,000 HOURS PER YEAR, 2015 

DOLLARS (TABLE 07-04)

ITEM UNIT COST UNIT QUANTITY COST

FIELD 
CONSTRUCTION

$15.00 SF 80,000 $1,200,000.00 

ANNUAL 
MAINTENANCE

$11,000.00 YEAR 8 $88,000.00 

RENOVATE FIELD IN 
8 YEARS

$6.00 SF 80,000 $480,000.00 

WATER USE 
(POTABLE WATER) 

$1,000.00 YEAR 8 $8,000.00 

TOTAL 8-YEAR COST $1,776,000.00 

8-YEAR COST FOR 80,000 SF SYNTHETIC TURF FIELD   

COST PER YEAR = TOTAL 8-YEAR COST/8 YEARS     
$222,000.00 

COST PER HOUR = COST PER YEAR/3,000 HOURS    
$74 
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POTENTIAL REVENUE

SYNTHETIC TURF FIELDS AS A POTENTIAL REVENUE STREAM

The Novato Unified School District (NUSD) has two multi-
purpose synthetic turf fields.  The NUSD charges $60 per 
hour for youth groups and $120 per hour for all others.  The 
City of Novato could use the same fee structure as the NUSD.  
Based on the field use cost of $74.00 per hour, youth groups 
would be slightly subsidized and everyone else would pay a 
premium above the cost per hour, a margin that could be a 
potential revenue stream for the City. 

In addition to actual revenue from field users, the City would 
realize lower annual maintenance costs by saving water and 
labor costs for mowing, fertilizing, pesticide application, 
gopher control, irrigation repair, infield preparation and 
annual field renovation of synthetic turf fields.  This annual 
cost savings should be saved into a sinking fund so that the 
funds are available to resurface the synthetic turf field in 8 
years.
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SUMMARY:
As part of this study, post card notifications were sent to 
adjacent property owners of the four potential sites to 
inform them of the Turf Feasibility Study and to solicit input 
by:

•	 Visiting:  novato.org/hillmasterplan

•	 Contacting: hillmasterplan@novato.org¬

•	 Calling:  415-899-8991

•	 Invitation to: public workshops for the Hill 
Master Plan included in post card notification

Below is a brief summary of key elements contained in this 
report that are important factors in evaluating the use of 
synthetic turf fields.

SAFETY:  Although research is ongoing, synthetic turf fields 
are safe.  Injuries vary between natural and synthetic turf, 
however, the vast majority of current research supports the 
use of synthetic turf as a viable alternative to natural turf.

Since the earliest installations, improvements to synthetic 
turf have resulted in increased safety and playability.

USE:  The installation of synthetic turf fields has increased 
significantly in the last decade.  Many public agencies, 
school districts and private organizations are installing 
synthetic turf fields for the numerous reasons cited in this 
report.

COST:  Synthetic turf fields reduce maintenance costs 
by a substantial margin.  The year-round play provides 
opportunity for revenues that offset installation and 
replacement costs.  The per-hour cost of a natural turf 
field is over three times greater than the per-hour cost of a 
synthetic turf field.

FEASIBILITY:  After evaluating each of the four Novato sites 
as candidates for a synthetic turf field, Hill Recreation Area 
and the IVC ball fields are the best fit for installation of a 
synthetic turf field.

Lynwood Hill and the Hamilton Skate Park site have too 
many obstacles that make the installation of a synthetic turf 
field impractical and cost prohibitive.

RECOMMENDATIONS:
Based on the information contained in this report and 
any public input received, Carducci Associates makes the 
following recommendations for the installation of synthetic 
turf fields:

01. Convert one or more fields at Hill Recreation Area 
to synthetic turf.  One field may not fully support 
tournaments and other sports activities. Hill Recreation 
Area proved to be the best candidate for synthetic turf.  
The City owns the site, it has existing infrastructure, is 
an improved recreation area and has the best potential 
for parking improvements to support increased use of 
the fields.  

02. Install FieldTurf “Cool Play” or equal for best heat 
absorbency properties, along with environmental, 
health and safety factors.

03. Consider a partnership with Marin Community College 
District to convert the IVC lighted fields to synthetic 
turf.  Should consider adjusting the location of the 
lights to maximize playable area.  

04. Adopt protocols for the continuous evaluation of: new 
technologies; health and safety factors; best practices 
for use and maintenance; and recycling of synthetic 
turf products. 

05. Conduct a geotechnical investigation with 
recommendations for the design of synthetic turf 
fields.

06. Enter into a contract with a certified synthetic turf 
maintenance company for grooming and top dressing 
once per year to maintain a clean, safe field.

07. Conduct annual inspection and testing.  Record surface 
hardness (Gmax) of the field and verify that the field is 
safe and meets the warranty requirements.

08. Budget for a replacement frequency of 8 years to 
correspond with the standard synthetic turf warranty 
period.
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GLOSSARY OF TERMS 

INFILL MATERIALS
CRUMB RUBBER. Crumb Rubber is derived from scrap car 

and truck tires that are ground up and recycled. Two types 
of crumb rubber infill exist: Ambient (the recycled tires 
are shredded at ambienTt temperature.) and Cryogenic 
(the recycling process includes a cryogenic stage, with 
shredding or grinding of rubber at below-zero temperature 
[-80°C or -112°F]). Together these make up the most widely 
used infill in the synthetic sports field and landscape 
market. Crumb rubber infill is substantially metal free 
and, according to the STC Guidelines for Crumb Rubber 
Infill, should not contain liberated fiber in an amount that 
exceeds .01% of the total weight of crumb rubber, or .6 
lbs. per ton. 

COATED RUBBER INFILL. Both ambient and cryogenic rubber 
can be coated with colorants, sealers or anti-microbial 
substances if desired. Coated rubber provides additional 
aesthetic appeal, reduction of dust by-products during 
the manufacturing process and complete encapsulation 
of the rubber particle.

EPDM INFILL. EPDM (Ethylene Propylene Diene Monomer) 
granules are manufactured from synthetic rubber and 
generally produced from virgin material. Some EPDM 
are produced from recycled material. EPDM is a polymer 
elastomer with high resistance to abrasion and wear and 
will not change its solid form under high temperatures. 
Typical EPDM colors are green and tan. EPDM has proven 
its durability as an infill product in all types of climates. 
Its excellent elasticity and resistance to atmospheric and 
chemical agents provides a stable, high performance infill 
product.

ORGANIC INFILL. There are several organic infills available in 
the North American market, all utilizing different organic 
components, such as natural cork and/or ground fibers 
from the outside shell of the coconut. These products can 
be utilized in professional sports applications, as well 
as for landscaping. At the end of its life cycle, it can be 
recycled directly into the environment.

SAND (SILICA) INFILL. Pure silica sand is one of the original 
infill materials utilized in synthetic turf. This natural product 
is non-toxic, chemically stable and fracture resistant. 
Silica sand infills are typically tan, off-tan or white in color 
and - depending upon plant location – may be round or 
sub-round in particle shape. As a natural product, there 
is no possibility of heavy metals, and the dust/turbidity 
rating is less than 100. It can be used in conjunction with 
many other infills on the market to provide a safe and 
more realistic playing surface. The round shape plays an 

integral part in the synthetic turf system. It is important 
that silica sand have a high purity (greater than 90%) 
to resist crushing and absorption of bacteria and other 
field contaminants. Silica sand can either be coated with 
different materials as a standalone product or can be used 
to firm up in combination with traditional crumb rubber 
infill systems. 

COATED SILICA SAND INFILL. This class of infill consists of 
coated, high-purity silica sand with either a soft or rigid 
coating specifically engineered for synthetic turf. These 
coatings are either elastomeric or acrylic in nature (non-
toxic) and form a bond with the sand grain sealing it from 
bacteria to provide superior performance and durability 
over the life of a field. Coated sand is available in various 
sizes to meet the application’s needs. 

 Depending on the amount and type of infill, coated sands 
can either be used with or without a pad and are available 
in various colors. All of the coatings are non-toxic and 
are bonded to the quartz grain for superior performance 
and durability over the life of the field. These materials 
are typically used as a homogenous infill, which provides 
both ballast and shock absorbing qualities to a synthetic 
turf application. 

TPE INFILL. Thermo plastic elastomer (TPE) infill is non-toxic 
and free of heavy metals, available in a variety of colors 
that resist fading, very long lasting and 100% recyclable 
and reusable as infill when the field is replaced. TPE infill, 
when utilizing virgin-based resins, will offer consistent 
performance and excellent g-max over a wide temperature 
range. The chemical composition of this type of colored 
infill granules are in general made of copolymers of 
ethylene, butadiene and styrene or are polyurethane 
elastomers utilizing of isocyanides depending on the 
formula.

HYBRID. Constitutes the use of sand, rubber or other suitable 
materials in various combinations. (This should not be 
confused with hybrid carpet systems that consist of a 
combination of fiber types.) 

COOLPLAY V2. This infill uses a 0.4 pound per square-foot 
of Extruded Cork Composite as a top dressing above the 
crumb rubber infill. The Extruded Composite is made 
up of organic cork extruded with virgin elastomers. The 
CoolPlay material top dressing acts as an insulation layer 
from the sunshine.

 



09-02

09. GLoSSARY 

GLOSSARY OF TERMS 
ADHESIVE. Industrial adhesives are used to bond synthetic 

turf seams and inserts and, in some applications, 
provide a total glue-down of the synthetic turf to the 
base. Synthetic turf adhesives should be applied by 
experienced, professional installers. The adhesives 
should provide a strong, hazard-free and durable bond 
between adjacent turf panels or sections and should be 
usable for installation under variable weather conditions. 
The adhesive should also be resistant to water, fungus 
and mildew. Synthetic turf adhesives include: one-part 
adhesives (urethane), two-part (epoxy or urethane), 
hot melt, and water-based (latex) and one-part, solvent/
isocyanate-free adhesive (SMP).

AGGREGATE BASE (OR BASE MATERIALS) / CONSTRUCTION 

AND INSTALLATION. The aggregate base on which the 
synthetic turf is installed provides a structurally sound 
foundation for field construction, and a media for drainage 
of the field. The base is designed to ensure that once the 
field is in place, it never moves. A good geotechnical 
report will provide essential information for a firm and 
stable base for the synthetic turf.

ANTIMICROBIAL / ADDITIVE. Agents that kill microbes can be 
effective on bacteria and/or fungi; can be applied topically 
or embedded in fiber or infill.

ANTISTATIC PROPERTIES / TURF. Resisting the tendency 
to produce annoying static electric shocks in situations 
where friction of the foot tread builds up static in low-
humidity conditions.

ASTM / STANDARDS ORGANIZATION. The American Society 
for Testing and Materials is an international standards 
organization that develops and publishes voluntary 
consensus technical standards for a wide range of 
materials, products, system, and services.

BACKING. Backing materials comprise the back of the turf, as 
opposed to the turf or face. Adhesive backing refers to the 
urethane or latex coating. Turf backing refers to stabilizing 
fabrics used to secure the fiber tufts.

BALL-SURFACE INTERACTION / PERFORMANCE. Ball-surface 
interaction describes the performance characteristics of 
the field that relate to the ways in which the ball reacts to 
the surface. It is important that the ball exhibit as close 
as possible the optimal performance characteristics for 
the sport or sports being played on the field. Therefore, 
measurements of vertical ball rebound, angled ball 
rebound and ball roll are taken to compare against the 
published standards of the regulatory organization(s) 
applicable to each sport.

BRUSHING (OR GROOMING) / MAINTENANCE. Periodic 
brushing or grooming of the synthetic turf surface by a 
static (non-rotary) double brush is important to redistribute 
the infill evenly throughout the field, to ensure that the 
exposed part of the fiber is uniform in its direction and is 
vertical, and to help remove litter, leaves, etc. Brushing 
activities should conform to written maintenance 
guidelines provided by the installation company.

CLEANING / MAINTENANCE. Periodically, a vacuum, sweeper 
or blower should be applied to keep the synthetic 
surface clean. This equipment should be compatible with 
synthetic turf fields. This typically means wider tires and 
softer nylon type brushes. The cleaning activities should 
conform to written maintenance guidelines provided by 
the synthetic installation builder.

COLLECTION / RESOURCE RECOVERY (ASTM D7209). A 
logistical process of moving (plastics) waste from its 
source to a place where it can be recovered.

COMPACTION / CONSTRUCTION AND INSTALLATION. The 
field base materials should be thoroughly compacted 
to prevent any significant differential settlement across 
the synthetic turf surface. Appropriate moisture content 
must be maintained in the base materials to allow for 
optimal levels of compaction. Compaction can also mean 
an unwanted condition of the infill. De-compacting the 
infill using special maintenance equipment will improve 
drainage, g-max, safety and playability. 

CONTAMINANT / RESOURCE RECOVERY (ASTM D7209). An 
unwanted substance or material defined according to the 
intended use.

CRUMB RUBBER AND COATED RUBBER INFILL. Crumb rubber 
is derived from scrap car and truck tires that are ground 
up and recycled. Two types of crumb rubber infill exist: 
Ambient and Cryogenic. Together these make up the 
most widely used infill in the synthetic sports field and 
landscape market. Crumb rubber infill is substantially 
metal free and, according to STC Guidelines for Crumb 
Rubber Infill, should not contain liberated fiber in an 
amount that exceeds .01% of the total weight of crumb 
rubber, or .6 lbs. per ton.

 Coated Rubber: Both ambient and cryogenic rubber 
can be coated with colorants, sealers or anti-microbial 
substances if desired. Coated rubber provides additional 
aesthetic appeal, reduction of dust by-products during 
the manufacturing process and complete encapsulation 
of the rubber particle.

DENSITY / TURF. Refers to the amount of pile fiber in the turf 
and the closeness of the tufts.
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DRAINAGE SYSTEM / CONSTRUCTION AND INSTALLATION. 

An efficient and effective underground drainage system 
is an integral component of a synthetic turf system, and 
is designed to carry away water that percolates through 
the turf. The system chosen will depend on the use of the 
field, climate, amount of rainfall and other factors.

DURABILITY / PERFORMANCE. Durability describes the 
performance characteristic of the field that relates to the 
ability of the synthetic turf system to resist wear and tear, 
and the effects of the environment. This characteristic 
is established by testing for abrasion resistance, joint 
strength and tuft bind, as well as resistance to UV, water, 
heat and other climatic factors.

EDGE ANCHORING / CONSTRUCTION AND INSTALLATION. 

Edge anchoring is a system designed to be installed at 
the perimeter of the field to attach to the synthetic turf, 
anchor it and transition to whatever abuts the field, such 
as a running track. The anchor may consist of a concrete 
curb, a treated wood nailer, a composite material or a 
trench drain. These may vary by design and region, but 
should always provide a secure anchor.

ELASTIC LAYER PAD (E-LAYER) / CONSTRUCTION AND 

INSTALLATION. Elastic layers (E-layers) are poured in-
place (in situ) pads and must be installed by specialty 
contractors. They are completely permeable and are 
typically comprised of rubber granulate and polyurethane 
binder. E-layers can vary in thickness (typically 19, 25 or 
35mm) and do not have seams typical of other resilient 
underlayments. These pads are more expensive than 
rubber, foam or panel shock attenuation systems. Budget 
allowing, they offer the most consistent surface planarity, 
as well as the most permanent base available for safe 
g-max levels over the life cycle of multiple surfaces.

ENERGY RECOVERY / RESOURCE RECOVERY (ASTM D7209). 

Use of combustible waste as a means to generate energy 
through direct incineration with or without other waste, 
but with recovery of the heat. Forms of energy recovery 
include incineration and gasification. Gasification is 
considered to be cleaner and more efficient.

ENVIRONMENTAL IMPACT / RESOURCE RECOVERY (ASTM 

D7209). Any change to the environment, whether adverse 
or beneficial, wholly or partially, resulting from an 
organization’s activities or products.

EPDM INFILL. EPDM (Ethylene Propylene Diene Monomer) — 
EPDM granules are manufactured from synthetic rubber 
and generally produced from virgin material although 
some is produced from recycled material. EPDM is a 
polymer elastomer with high resistance to abrasion 
and wear and will not change its solid form under high 
temperatures. Typical EPDM colors are green and tan. 

EPDM has proven its durability as an infill product in all 
types of climates. Its excellent elasticity and resistance to 
atmospheric and chemical agents provides a stable, high 
performance infill product.

FACE WEIGHT / TURF. The total weight of the yarn/fiber tufted 
into the backing.

FIBER. Typically, the fiber used in synthetic turf is textured 
and/or non-textured polypropylene, polyethylene, nylon 
or other suitable performing hybrid or copolymer in 
tape form or mono-filament. Minimum fiber sizes are 
50 microns for polypropylene or polyester, 100 microns 
for tape form (slit film) polyethylene, 140-300 form 
mono-filament polyethylene (shape dependent) and 500 
denier for nylon. Fibers should be compliant with ASTM 
guidelines for total lead content.

FIBER SIZE. Refers to the denier per filament (dpf) or thickness 
of a filament. Fiber size impacts resilience, performance 
and wear.

FIFA / SPORT GOVERNING BODY. The Fédération Internationale 
de Football Association (International Federation of 
Association Football) is the international governing body 
of association football (soccer). FIFA dictates design and 
performance characteristics required for FIFA-approved 
soccer fields.

G-MAx / TESTING. A field’s level of shock absorbency is 
tested by using a unit of measurement called the g-max, 
where one “g” represents a single unit of gravity. The 
peak acceleration reached upon impact of two objects, 
such as a football player and the synthetic turf surface, 
is the maximum number of g’s a field is able to absorb. A 
field with a higher g-max level loses its ability to absorb 
the force -- and places more impact on the athlete during 
a collision, while a surface with a lower g-max absorbs 
more force, lessening the impact to the athlete. Using 
ASTM F1936 test method, g-max readings shall not 
exceed 200 at each test point. With proper maintenance, 
a synthetic turf field should have a g-max of well below 
200. The g-max guideline in the STC’s Guidelines for 
Synthetic Turf Performance is “below 165” for the life of 
the synthetic turf field.

INDUSTRIAL REWORK (OR POST-INDUSTRIAL MATERIAL) / 

RESOURCE RECOVERY (ASTM D7209). Rework generated 
by a different company or manufacturing plant from the 
company or manufacturing plant producing the products 
to this specification and composition is known by the 
industrial source of material.

IRRIGATION / CONSTRUCTION AND INSTALLATION. Sprinklers 
and irrigation systems are used for cooling and control of 
static electricity and dust in synthetic turf systems.



09-04

09. GLoSSARY 

LANDFILL / RESOURCE RECOVERY (ASTM D7209). Disposal 
site for the deposit of waste onto or into land under 
controlled or regulated conditions.

LINES AND MARKINGS / CONSTRUCTION AND INSTALLATION. 
Lines and markings, such as sport specific game lines, 
logos and numbers, should be applied to the synthetic 
turf surface in one of three methods: with colored fiber 
that is either tufted or knitted into the synthetic turf panels 
during the manufacturing process, installed as inlays, 
or delineated with temporary or permanent paint that 
is approved for use on synthetic turf surfaces. Tufted-in 
or inlaid lines and markings are a permanent part of the 
surface. Painted lines and markings installed with either 
permanent or temporary paint require maintenance. Even 
permanently painted lines require additional paint on a 
periodic basis.

MAINTENANCE. Maintaining a synthetic turf field is essential 
for optimum appearance, safety, playing performance and 
field longevity. A regular schedule of maintenance should 
include surface cleaning, debris removal, grooming, and 
infill redistribution and de-compaction. The maintenance 
procedures and equipment, as specified by the synthetic 
turf systems builder and required for the system, should 
be evaluated during the selection process so that 
the appropriate budget resources for manpower and 
equipment may be allocated. Note: Refer to the Synthetic 
Turf Council’s Suggested Guidelines for the Maintenance 
of Infilled Synthetic Turf Surfaces, April 2007, for additional 
information.

MAINTENANCE LOG / MAINTENANCE. A maintenance log 
should be kept to record the maintenance performed on 
the field as recommended by the field builder.

MATERIAL RECOVERY / RESOURCE RECOVERY (ASTM D7209). 
Material processing operations including mechanical 
recycling, feedstock (chemical) recycling and organic 
recycling, but excluding energy recovery. See also, 
Recovery.

NYLON / FIBER. A petrochemical-based fiber invented in 
1938. There are two basic types of nylon: Type 6,6 nylon 
and Type 6 nylon. Nylon is the dominant fiber choice for 
commercial carpet use due to its wear characteristics.

ORGANIC INFILL / INFILL. There are several organic infills 
available in the North American market, all utilizing 
different organic components, such as natural cork and/or 
ground fibers from the shell of the coconut. These products 
can be used in professional sports applications, as well as 
for landscaping. At the end of its life cycle, organic infill 
can be recycled directly into the environment.

PAD (OR SHOCK PAD) / CONSTRUCTION AND INSTALLATION. 

Shock attenuation pads offer an added level of protection 
and consistent playability to the playing surface and are 
designed to contribute to a safe g-max level throughout 
a synthetic turf field’s life. Roll out or panel systems are 
relatively economical and offer ease of installation. Pads 
can be permeable or impermeable. Some can replace 
all or portions of the stone base and provide both 
shock attenuation and drainage, while others are used 
in combination with a traditional stone and drainage 
base. Pads can be placed directly over asphalt or cement 
stabilized surfaces. Provided care is taken in the turf 
install/removal process, pads may last more than one turf 
life cycle. Some pads are made from recycled materials, 
while others are made from virgin materials and may be 
recyclable.

PERFORATIONS / TURF. For synthetic turf systems designed 
to be permeable to water, a system with a fully coated 
secondary backing will typically have holes punched 
into the backing at regular internals to provide adequate 
vertical drainage throughout the system. 

PERFORMANCE EVALUATION OF SYNTHETIC TURF / TESTING. 
There are three basic categories that define the overall 
performance of a synthetic turf sports field: ball/surface 
interaction, player/surface interaction and durability. 
Refer to the specific category for its definition. 

PERMEABILITY / CONSTRUCTION AND INSTALLATION. 

Synthetic turf and the base on which it is installed is 
usually designed to allow water to percolate through it 
so that there is no standing water on the surface. Water 
permeability rates for both the field’s surfacing and the 
field base materials should be designed to accommodate 
local weather and rainfall patterns.

PIGMENT / FIBER. Highly colored and insoluble, colored 
pigments are added to polymer to create colored fiber.

PILE / TURF. The visible surface of turf, consisting of yarn 
tufts. Sometimes called the face or nap.

PILE HEIGHT / TURF. The length of the tufts measured from 
the primary backing top surface to their tips. Pile tufts 
should be gently extended but not stretched during 
accurate measurement. This specification is expressed in 
fractions of an inch or equivalent decimals in the U.S.

PILE WEIGHT / TURF. The weight in ounces of the fiber in a 
square yard of turf.

PLASTICS RECYCLING / RESOURCE RECOVERY (ASTM D7209). 
Process by which plastic materials or products that would 
otherwise become solid waste are collected, processed 
and returned to use in plastic products that have fulfilled 
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their intended purpose or can no longer be used.

PLASTICS WASTE / RESOURCE RECOVERY (ASTM D7209). Any 
plastics material or object that the holder discards, or 
intends to discard, or is required to discard.

PLAYER-SURFACE INTERACTION / PERFORMANCE. 

Player-surface interaction describes the performance 
characteristics of the field that relate to footing, shock 
absorbency, surface abrasion and surface stability, for 
example. These characteristics are determined through 
testing for vertical deformation, force reduction, traction, 
slip resistance, energy restitution and abrasiveness, 
among others. Proper shoe selection is a critical 
component to the way a player interacts with the playing 
surface. 

POLYETHYLENE / FIBER. A polymer of ethylene, the same 
material that is used in plastic bags.

POLYMER / FIBER. Polymers are large chemical molecules 
from which synthetic fibers, synthetic infill and backing 
systems are made. Polymers are complex, chain-like 
macromolecules that are made by uniting simpler 
molecules called monomers. Synthetic polymers used 
for synthetic turf fiber include Type 6 nylon (polyamides), 
polyethylene and polypropylene.

POLYPROPYLENE / FIBER, BACKING. A polymer of propylene, 
the same material that is frequently used in packaging.

POLYURETHANE / BACKING. A polymer of a diisocyanate and 
usually, a polyol. When reacted, these materials form a 
urethane.

POST-CONSUMER MATERIAL / RESOURCE RECOVERY (ASTM 

D7209). Plastics material, generated by end users, that 
has fulfilled its intended purpose or can no longer be 
used. This includes material returned from within the 
distribution chain. Post-consumer material is part of the 
broader category of recovered material.

POST-INDUSTRIAL MATERIAL / RESOURCE RECOVERY (ASTM 

D7209). Plastics waste generated by a manufacturer. See 
industrial rework.

POST-INSTALLATION TESTING / TESTING. After installation, 
a field should be tested periodically to record its g-max 
and other safety and performance values in order to 
determine if and what remedial maintenance is required. 
A schedule for on-going testing should be included and 
understood by the parties. Seams and inlays should be 
regularly inspected and repaired, as needed.

PRIMARY BACKING / BACKING. The primary backing materials 
are constructed of a woven or non-woven fabric in one 
or more layers, which are utilized in the tufting process, 
or made of a high-strength polyester multi-filament fiber 

utilized in the knitting process. This backing material 
provides the initial dimensional stability for the system.

RECOVERED MATERIAL / RESOURCE RECOVERY (ASTM 

D7209). (Plastics) materials and by-products that have 
been separated, diverted or removed from the solid waste 
stream, but not including those materials and by-products 
generated within an original manufacturing process. This 
definition includes post-consumer and post-industrial 
material only, whether or not plastic material has been 
commingled, reprocessed, reground or reconstituted.

RECOVERY / RESOURCE RECOVERY (ASTM D7209). Processing 
of (plastics) waste material for the original purpose or for 
other purposes, including energy recovery.

RECYCLATE / RESOURCE RECOVERY (ASTM D7209). Plastic 
material resulting from the recycling of plastics.

RECYCLED CONTENT / RESOURCE RECOVERY (ASTM D7209). 
Percentage by weight of recyclate in a material or product.

RECYCLED PLASTIC / RESOURCE RECOVERY (ASTM D7209). 

See, Recyclate.

RECYCLING / RESOURCE RECOVERY (ASTM D7209). Processing 
(plastics) waste materials in a manufacturing process for 
the original purpose or for other purposes, but excluding 
energy recovery.

REGRIND / RESOURCE RECOVERY (ASTM D7209). Recovered 
plastics material reclaimed by shredding and granulating 
recovered material.

RESOURCE RECOVER / RESOURCE RECOVERY (ASTM D7209). 
Recovery of material or energy.

REUSE / RESOURCE RECOVERY (ASTM D7209). Use of a 
product more than once in its original form.

SAND (SILICA) AND COATED SILICA SAND INFILL. Pure silica 
sand is one of the original infilling materials utilized in 
synthetic turf. This product is a natural infill that is non-
toxic, chemically stable and fracture resistant. Silica 
sand infills are typically tan, off-tan or white in color and 
- depending upon plant location – may be round or sub-
round in particle shape. As a natural product, there is no 
possibility of heavy metals and the dust/turbidity rating 
is less than 100. Silica sand can be used in conjunction 
with many other infills on the market to provide a safe 
and more realistic playing surface. The round shape plays 
an integral part in the synthetic turf system. It is important 
that silica sand have a high purity (greater than 90%) 
to resist crushing and absorption of bacteria and other 
field contaminants. Silica sand can either be coated with 
different materials as a standalone product or can be used 
to firm up in combination with traditional crumb rubber 
infill systems. 
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 Coated Silica Sand. This class of infill consists of coated, 
high-purity silica sand with either a soft or rigid coating 
specifically engineered for synthetic turf. These coatings 
are either elastomeric or acrylic in nature (non-toxic) and 
form a bond with the sand grain, sealing it from bacteria 
to provide superior performance and durability over the 
life of a field. Coated sand is available in various sizes to 
meet the application’s needs. 

 Depending on the amount and type of infill, coated sands 
can either be used with or without a pad and are available 
in various colors. All of the coatings are non-toxic and 
are bonded to the quartz grain for superior performance 
and durability over the life of the field. These materials 
are typically used as a homogenous infill, which provides 
both ballast and shock absorbing qualities to a synthetic 
turf application. 

SEAM / CONSTRUCTION AND INSTALLATION. Synthetic turf 
materials are manufactured in panels or rolls that are 
usually 15 feet wide. Each panel or roll should be attached 
to the next with a seam to form the fabric of the field. 
Seams should be glued with a supplemental backing 
material or sewn with high strength sewing thread. The 
bonding or fastening of all system material components 
should provide a permanent, tight, secure and hazard-free 
athletic playing surface. Seam gaps should be uniform. 
For tufted infill systems, the gap between fibers should 
not exceed the gauge of the tufting. 

SEAMING TAPE / CONSTRUCTION AND INSTALLATION. 

Seaming tape is commonly used for seams and/or inlaid 
lines and markings. The tape is comprised of a fabric that 
should be installed below the backing material on both 
sides of a seam or inlay. The fabric used for seaming tape 
should provide dimensional strength and enough surface 
texture to bond well with the adhesive.

SEAM REPAIR / MAINTENANCE. Seams that open or become 
loose may require some immediate and temporary 
gluing until they can be inspected and corrected by the 
installation builder. The gluing should conform to the 
written maintenance guidelines provided by the synthetic 
turf vendor.

SECONDARY BACKING / BACKING. The secondary backing 
materials are applied through a coating process with 
a single or multiple applications of one or various 
materials. A tufted fabric typically receives a suitable 
coating of polyurethane, latex, hot melt or other coatings 
or fabrics in various weight and thickness configurations, 
depending on individual system design. The secondary 
backing provides an additional level of tuft bind and 
structural integrity to the synthetic turf. 

SHOCK PAD / CONSTRUCTION AND INSTALLATION. See, Pad.

SHREDDING / RESOURCE RECOVERY (ASTM D7209). Any 
mechanical process by which plastics waste is fragmented 
into irregular pieces of any dimension or shape.

SYNTHETIC FIBER / FIBER. Produced by man-made means, 
not available in nature in the same form.

TPE INFILL / INFILL. Thermo plastic elastomer (TPE) infill 
is non-toxic, heavy metal free, very long lasting and 
available in a variety of colors that resist fading. It is 
100% recyclable and reusable as infill when the field is 
replaced. TPE infill, when utilizing virgin-based resins, will 
offer consistent performance and excellent g-max over a 
wide temperature range. The chemical composition of 
TPE colored infill is, in general, made of copolymers of 
ethylene, butadiene and styrene, or are polyurethane 
elastomers utilizing of isocyanides depending on the 
formula.

TUFT / TURF. A cluster of yarns drawn through a fabric and 
projecting from the surface in the form of cut yarns.

TUFT BIND / TESTING. The force (usually measured in pounds) 
that is required to pull a tuft from the turf backing. Also 
known as tuft lock.

URETHANE / BACKING. Polyurethane, a polymeric resin 
applied as an adhesive backing. This backing encapsulates 
the yarn for extra tuft bind.

VIRGIN PLASTIC / RESOURCE RECOVERY (ASTM D7209). 

Material in the form of pellets, granules, powder, floc or 
liquid that has not been subjected to use or processing 
other than that required for its initial manufacture.

WARRANTY. Warranties for the synthetic turf field systems 
should be clearly understood and may include the 
following:

•	 Acceptable uses for the field

•	 Expected number of yearly hours of use of the field 

•	 Type of shoes used

•	 Fading

•	 Color match within specifications

•	 Excessive fiber wear

•	 Acceptable loss of pile height over time

•	 Wrinkling and panel movement

•	 Shock absorbency (g-max)

•	 Seam integrity

•	 Drainage

•	 Response time for required repairs or replacement

•	 Other items deemed relevant 
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WASTE / RESOURCE RECOVERY (ASTM D7209). Any substance 
or object that the holder discards or intends or is required 
to discard.

YARN / FIBER. A continuous strand of fibers used in tufting, 
weaving and bonding to form turf and other fabrics. 

YARN WEIGHT / TURF. The total weight of the yarn in the turf. 
Also commonly referred to as face weight and/or pile 
weight
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10. BIBLIoGRAPHY

THIS BIBLIOGRAPHY INCLUDES REFERENCE TO INFORMATION IN THE FOLLOWING CATEGORIES:
1. CalRecycle Literature Review

2. Public Position Statements

3. Synthetic Turf Council & Industry Position Statements

4. Peer-Reviewed Scientific Articles 

5. Independent Research and Studies from Third-Party Organizations 

5.1  Player Performance & Risk of Injury

5.2  Environmental & Health Risks of Synthetic Turf with Crumb Rubber Infill

5.3  Heat

5.4  Staph & MRSA

6. Technical Guidelines & Other Resources

7. Scientific Studies and Scientific Opinions on Physical Activity

8. Resources for Information on Managing Synthetic Turf Fields

1. CALRECYCLE LITERATURE REVIEW

Tire-Derived Product Performance Literature Review (Excel, 97 KB)

Results of an extensive literature review undertaken by R.W. Beck in 2009 to identify publications relevant to tire-derived 
product performance and research addressing health and environmental concerns, and life cycle costs for marketing 
purposes. The spreadsheet indicates the name of identified articles, source/author, applicable product types, and where the 
article can be found online, if available. 
http://www.calrecycle.ca.gov/Tires/Products/Health/default.htm

ARTIFICIAL TURF

A Review of the Potential Health and Safety Risks from Synthetic Turf Fields Containing Crumb Rubber Infill. Prepared for New 
York City Department of Health and Mental Hygiene by TRC (May 2008) (PDF, 958 KB)

Air Quality Survey of Synthetic Turf Fields Containing Crumb Rubber Infill (March 2009) (PDF, 670 KB)

An Assessment of Chemical Leaching, Releases to Air and Temperature at Crumb-Rubber Infilled Synthetic Turf Fields (May 
2008) (PDF, 966 KB)

Connecticut Department of Public Health Fact Sheet on Artificial Turf Fields (October 2007) (PDF, 63 KB)

Crumb Infill and Turf Characterization for Trace Elements and Organic Materials. Prepared for the New Jersey Department of 
Environmental Protection by the Environmental and Occupational Health Sciences Institute (October 2011) (PDF, 875 KB)

Article by the Environmental and Occupational Health Sciences Institute published in Risk Analysis (PDF, 122 KB)

New York City Department of Health and Mental Hygiene Questions and Answers Regarding Artificial Turf

New York State Department of Health Fact Sheet on Crumb Rubber Used as Infill Material in Athletic Fields in Synthetic Turf 
Fields (August 2008)

OEHHA Artificial Turf Study-The Office of Environmental Health Hazards Assessment (OEHHA) has been contracted to study 
the health effects of the new generation of artificial turf playing fields.

Review of the Human Health and Ecological Safety of Exposure to Recycled Tire Rubber Found at Playgrounds and Synthetic 
Turf Fields. Prepared for the Rubber Manufacturers Association byChemRisk , Inc. (August 2013)
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Review of the Impacts of Crumb Rubber in Artificial Turf Applications. Rachel Simon, University of California, Berkeley. 
Prepared for The Corporation for Manufacturing Excellence (Manex) (February 2010)

CRUMB RUBBER

New Jersey Department of Environmental Protection-Preliminary Assessment of the Toxicity from Exposure to Crumb Rubber 
(June 2007). Abstract (PDF, 32 KB)

The Connecticut Agricultural Experiment Station--Examination of Crumb Rubber Produced from Recycled Tires (August 2007) 
(PDF, 128 KB)

2. PUBLIC POSITION STATEMENTS

Connecticut Department of Health Circular Letter to Local Health Departments and Districts / January 20, 2015. “This letter and 
video clip are being sent to update you regarding the news story that has circulated since last spring regarding potential 
cancer risks at artificial turf fields. Various media outlets have continued to run this story and a number of local health 
departments have inquired as to its validity. Since many Connecticut towns have installed or are considering artificial 
turf fields, an elevated cancer risk would be an important consideration. However, this news story is still based upon 
very preliminary information and does not change CTDPH’s position that outdoor artificial turf fields do not represent an 
elevated health risk.” Government and Agency Position Papers Regarding Health and Environmental Impacts. 
http://www.syntheticturfcouncil.org/?White_Papers

Massachusetts, Bureau of Environmental Health,  March 23, 2015. Synthetic turf fields with crumb rubber infill do not represent 
an elevated health risk, including cancer.  
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/Files/Massachussetts_Department_of.pdf

3. SYNTHETIC TURF COUNCIL & INDUSTRY POSITION STATEMENTS

In response to the recent concern about the health effects of crumb rubber infill for synthetic turf, the Synthetic Turf Council 
compiled numerous resources including industry news and press releases, new and current research, and technical guidelines.  
(Source:  Synthetic Turf Council)

Latest Crumb Rubber Research Supports its Safety » Act Global, February 11, 2015

Lead Chromate in Synthetic Turf, Though Safe for Kids, per CPSC was Discontinued in 2009 » Synthetic Turf Council, March 
20, 2015

New Independent Lab Testing of Synthetic Turf Crumb Rubber Infill Re-confirms Health and Safety  »  Synthetic Turf Council, 
November 25, 2014

STC Position Statement » Synthetic Turf Council, March 16, 2015

STC Response to NBC National News Story on Health Effects of Crumb Rubber in Synthetic Turf »  Synthetic Turf Council, 
October 9, 2014

4. PEER-REVIEWED SCIENTIFIC ARTICLES 

The following Peer-Reviewed Scientific Articles reveal that current evidence indicates  that artificial turf poses no greater 
hazards than natural grass fields: 

Am J Sports Med. 2014 Aug 27. Risk of Anterior Cruciate Ligament Injury in Athletes on Synthetic Playing Surfaces: A 
Systematic Review. Balazs GC1, Pavey GJ2, Brelin AM2, Pickett A2, Keblish DJ3, Rue JP3.

High-quality studies support an increased rate of ACL injury on synthetic playing surfaces in football, but there is no apparent 
increased risk in soccer. Further study is needed to clarify the reason for this apparent discrepancy.

BMC Sports Sci Med Rehabil. 2014 Mar 1;6(1):11.The Perceptions of Professional Soccer Players on the Risk of Injury from 
Competition and Training on Natural Grass and 3rd Generation Artificial Turf. Poulos CC1, Gallucci J Jr, Gage WH, Baker J, 
Buitrago S, Macpherson AK.
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Background: The purpose of this study was to describe professional soccer players’ perceptions towards injuries, physical 
recovery and the effect of surface related factors on injury resulting from soccer participation on 3rd generation artificial 
turf (FT) compared to natural grass (NG).

Methods:  Information was collected through a questionnaire that was completed by 99 professional soccer players from 6 
teams competing in Major League Soccer (MLS) during the 2011 season.

Results:  The majority (93% and 95%) of the players reported that playing surface type and quality influenced the risk of 
sustaining an injury. Players believed that playing and training on FT increased the risk of sustaining a non-contact injury 
as opposed to a contact injury. The players identified three surface related risk factors on FT, which they related to injuries 
and greater recovery times: 1) Greater surface stiffness 2) Greater surface friction 3) Larger metabolic cost to playing on 
artificial grounds. Overall, 94% of the players chose FT as the surface most likely to increase the risk of sustaining an injury.

Conclusions:  Players believe that the risk of injury differs according to surface type, and that FT is associated with an increased 
risk of non-contact injury. Future studies should be designed prospectively to systematically track the perceptions of 
groups of professional players training and competing on FT and NG.

Environ Sci Pollut Res Int. 2013 Jul;20(7):4980-92.Environmental-sanitary Risk Analysis Procedure Applied to Artificial Turf 
Sports Fields. Ruffino B1, Fiore S, Zanetti MC.

 Owing to the extensive use of artificial turfs worldwide, over the past 10 years there has been much discussion about 
the possible health and environmental problems originating from styrene-butadiene recycled rubber. In this paper, the 
authors performed a Tier 2 environmental-sanitary risk analysis on five artificial turf sports fields located in the city of Turin 
(Italy) with the aid of RISC4 software. Two receptors (adult player and child player) and three routes of exposure (direct 
contact with crumb rubber, contact with rainwater soaking the rubber mat, inhalation of dusts and gases from the artificial 
turf fields) were considered in the conceptual model. For all the fields and for all the routes, the cumulative carcinogenic 
risk proved to be lower than 10(-6) and the cumulative non-carcinogenic risk lower than 1. The outdoor inhalation of dusts 
and gases was the main route of exposure for both carcinogenic and non-carcinogenic substances. The results given 
by the inhalation pathway were compared with those of a risk assessment carried out on citizens breathing gases and 
dusts from traffic emissions every day in Turin. For both classes of substances and for both receptors, the inhalation of 
atmospheric dusts and gases from vehicular traffic gave risk values of one order of magnitude higher than those due to 
playing soccer on an artificial field.

Environ Sci Technol. 2014 Feb 18;48(4):2114-29. Environmental and Health Impacts of Artificial Turf: a Review. Cheng H1, Hu Y, 
Reinhard M.

 A limited number of studies have shown that the concentrations of volatile and semivolatile organic compounds in the 
air above artificial turf fields were typically not higher than the local background, while the concentrations of heavy 
metals and organic contaminants in the field drainages were generally below the respective regulatory limits. Health risk 
assessment studies suggested that users of artificial turf fields, even professional athletes, were not exposed to elevated 
risks. Preliminary life cycle assessment suggested that the environmental impacts of artificial turf fields were lower than 
equivalent grass fields.

J Am Acad Orthop Surg. 2013 May 21(5):293-302.Synthetic Playing Surfaces and Athlete Health. Drakos MC1, Taylor SA, 
Fabricant PD, Haleem AM.

 Musculoskeletal injury is largely affected by the shoe-playing surface interface. However, conclusive statements cannot 
be made regarding the risk of certain shoe-playing surface combinations because of the variety of additional factors, such 
as weather conditions, shoe wear and field wear. Historically, clinical studies have indicated that higher injury rates occur 
on artificial turf than on natural surfaces. This conclusion is backed by robust biomechanical data that suggest that torque 
and strain may be greater on artificial surfaces than on natural grass. Recent data on professional athletes suggest that 
elite athletes may sustain injuries at increased rates on the newer surfaces. However, these surfaces remain attractive to 
athletes and administrators alike because of their durability, relative ease of maintenance and multiuse potential.

Risk Anal. 2013 Jun 11. doi: 10.1111/Bioaccessibility and Risk of Exposure to Metals and SVOCs in Artificial Turf Field Fill 
Materials and Fibers. Pavilonis BT1, Weisel CP, Buckley B, Lioy PJ.
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 The goal of this study was to evaluate potential exposures from playing on artificial turf fields and associated risks to trace 
metals, semi-volatile organic compounds (SVOCs) and polycyclic aromatic hydrocarbons (PAHs) by examining typical 
artificial turf fibers (n = 8), different types of infill (n = 8) and samples from actual fields (n = 7). Three artificial biofluids 
were prepared, which included: lung, sweat and digestive fluids. Artificial biofluids were hypothesized to yield a more 
representative estimation of dose than the levels obtained from total extraction methods. PAHs were routinely below 
the limit of detection across all three biofluids, precluding completion of a meaningful risk assessment. No SVOCs were 
identified at quantifiable levels in any extracts based on a match of their mass spectrum to compounds that are regulated 
in soil. The metals were measurable but at concentrations for which human health risk was estimated to be low. The study 
demonstrated that for the products and fields we tested, exposure to infill and artificial turf was generally considered de 
minimus, with the possible exception of lead for some fields and materials.

Scand J Med Sci Sports. 2015 Jan 21. The Influence of an Artificial Playing Surface on Injury Risk and Perceptions of Muscle 
Soreness in Elite Rugby Union. Williams S1, Trewartha G, Kemp SP, Michell R, Stokes KA.

 These results suggest that overall injury risk is similar for the two playing surfaces, but further surveillance is required 
before inferences regarding specific injury diagnoses and smaller differences in overall injury risk can be made.

Sci Total Environ. 2011 Nov 1;409(23):4950-7.Artificial-turf Playing Fields: Contents of Metals, PAHs, PCBs, PCDDs and PCDFs, 
Inhalation Exposure to PAHs and Related Preliminary Risk Assessment. Menichini E1, Abate V, Attias L, De Luca S, di 
Domenico A, Fochi I, Forte G, Iacovella N, Iamiceli AL, Izzo P, Merli F, Bocca B.

 The artificial-turf granulates made from recycled rubber waste are of health concern due the possible exposure of users 
to dangerous substances present in the rubber, and especially to PAHs. In this work, we determined the contents of PAHs, 
metals, non-dioxin-like PCBs (NDL-PCBs), PCDDs and PCDFs in granulates, and PAH concentrations in air during the use 
of the field. The purposes were to identify some potential chemical risks and to roughly assess the risk associated with 
inhalation exposure to PAHs. Rubber granulates were collected from 13 Italian fields and analyzed for 25 metals and nine 
PAHs. One further granulate was analyzed for NDL-PCBs, PCDDs, PCDFs and 13 PAHs. Air samples were collected on filter 
at two fields, using respectively a high volume static sampler close to the athletes and personal samplers worn by the 
athletes, and at background locations outside the fields. In the absence of specific quality standards, we evaluated the 
measured contents with respect to the Italian standards for soils to be reclaimed as green areas. Zn concentrations (1 to 19 
g/kg) and BaP concentrations (0.02 to 11 mg/kg) in granulates largely exceeded the pertinent standards, up to two orders of 
magnitude. No association between the origin of the recycled rubber and the contents of PAHs and metals was observed. 
The sums of NDL-PCBs and WHO-TE PCDDs+PCDFs were, respectively, 0.18 and 0.67×10(-5) mg/kg. The increased BaP 
concentrations in air, due to the use of the field, varied approximately from <0.01 to 0.4 ng/m(3), the latter referring to 
worst-case conditions as to the release of particle-bound PAHs. Based on the 0.4 ng/m (3) concentration, an excess lifetime 
cancer risk of 1×10(-6) was calculated for an intense 30-year activity.

5. INDEPENDENT RESEARCH AND STUDIES FROM THIRD-PARTY ORGANIZATIONS

Independent research and studies from third-party organizations about synthetic turf and its system components under the 
following topics: Player Performance & Risk of Injury; Environmental & Health Risk of Synthetic Turf with Crumb Rubber Infill; 
Heat; Staph & MRSA.  (Source:  Synthetic Turf Council and FieldTurf). 
http://www.syntheticturfcouncil.org/?page=Research

5.1 PLAYER PERFORMANCE & RISK OF INJURY

Comparison of Injuries Sustained on Artificial Turf and Grass by Male and Female Elite Football Players, Ekstrand J, Hägglund 
M, Fuler CW, 2010, Scandinavian Journal of Medicine and Science in Sports, DOI: 10.1111/j.1600-0838.2010.01118.x. 

The objective of this study was to compare incidences and patterns of injury for female and male elite teams when playing 
football on artificial turf and grass. Twenty teams (15 male, 5 female) playing home matches on third-generation artificial 
turf were followed prospectively; their injury risk when playing on artificial turf pitches was compared with the risk when 
playing on grass. Individual exposure, injuries (time loss) and injury severity were recorded by the team medical staff. 
In total, 2105 injuries were recorded during 246000h of exposure to football. Seventy-one percent of the injuries were 
traumatic and 29% overuse injuries. There were no significant differences in the nature of overuse injuries recorded on 
artificial turf and grass for either men or women. The incidence (injuries/1000 player-hours) of acute (traumatic) injuries did 
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not differ significantly between artificial turf and grass, for men (match 22.4 v 21.7; RR 1.0 (95% CI 0.9–1.2); training 3.5 v 
3.5; RR 1.0 (0.8–1.2)) or women [match 14.9 v 12.5; RR 1.2 (0.8–1.8); training 2.9 v 2.8; RR 1.0 (0.6–1.7)]. During matches, men 
were less likely to sustain a quadriceps strain (P=0.031) and more likely to sustain an ankle sprain (P=0.040) on artificial 
turf.

Comparison of the Incidence, Nature and Cause of Injuries Sustained on Grass and New Generation Artificial Turf by Male 
and Female Football Players, Colin W Fuller, Randall W Dick, Jill Corlette, Rosemary Schmalz, British Journal of Sports 
Medicine 2007; 41 (Supplement 1):i20-i26 (Part 1: match injuries) British Journal of Sports Medicine 2007; 41 (Supplement 
1):i27-i32 (Part 2: training injuries) Abstracts available at http://bjsm.bmj.com 

Objective: “To compare the incidence, nature, severity and cause of match injuries (Part 1) and training injuries (Part 2) 
sustained on grass and new generation turf by male and female footballers.”

Methods: The National Collegiate Athletic Association Injury Surveillance System was used for a two-season (August to 
December) prospective study of American college and university football teams (2005 season: men 52 teams, women 64 
teams; 2006 season: men 54 teams, women 72 teams). 

Conclusion of both Part 1 and Part 2: There were no major differences in the incidence, severity, nature or cause of match 
injuries or training injuries sustained on new generation artificial turf and grass by either male or female players.

Epidemiology of Patellar Tendinopathy in Elite Male Soccer Players, Hagglund, M., PT, PhD; Zwerver, J., MD, PhD; Ekstrand, 
J., MD, PhD, American Journal of Sports Medicine, June 2011, 0363546511408877 

Patellar tendinopathy is a relatively mild but fairly common condition among elite soccer players, and the recurrence rate 
is high. 

This study investigated the epidemiology of patellar tendinopathy in 2,229 elite male soccer players from 51 European 
elite soccer clubs playing on natural grass and synthetic turf between 2001 and 2009. Objective: To compare the risk for 
acute injuries between natural grass (NG) and third-generation artificial turf (3GAT) in male professional football.

Conclusion: “Exposure to artificial turf did not increase the prevalence or incidence of injury.”

Game Changers: Stats, Stories and What Communities Are Doing To Protect Young Athletes, Safe Kids Worldwide and Johnson 
& Johnson, August 2013. 

Analyzed data from the U.S. Consumer Product Safety Commission’s National Electronic Injury Surveillance System to 
better understand the characteristics of children’s sports-related injuries and to inform what we can do to prevent them.

HEADS UP to Youth Sports 

To help ensure the health and safety of young athletes, CDC developed the HEADS UP Concussion in Youth Sports initiative 
to offer information about concussions to coaches, parents and athletes involved in youth sports. The HEADS UP initiative 
provides important information on preventing, recognizing, and responding to a concussion. 
http://www.cdc.gov/headsup/youthsports/index.html

Incidence, Causes, and Severity of High School Football Injuries on FieldTurf Versus Natural Grass, A 5-Year Prospective 
Study, Michael C. Meyers,*† PhD, FACSM, and Bill S. Barnhill,‡ MD, From the †Human Performance Research Center, 
West Texas A&M University, Canyon, Texas, and ‡Panhandle Sports Medicine Associates, Amarillo, Texas. The American 
Journal of Sports Medicine, Vol. 32, No. 7 DOI: 10.1177/0363546504266978 © 2004 American Orthopaedic Society for 
Sports Medicine. 

Background: Numerous injuries have been attributed to playing on artificial turf. Recently, FieldTurf was developed to 
duplicate the playing characteristics of natural grass. No long-term study has been conducted comparing game-related, 
high school football injuries between the 2 playing surfaces. 

Hypothesis: High school athletes would not experience any difference in the incidence, causes and severity of game-
related injuries between FieldTurf and natural grass. 

Study Design: Prospective cohort study.
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Methods: A total of 8 high schools were evaluated over 5 competitive seasons for injury incidence, injury category, time of 
injury, injury time loss, player position, injury mechanism, primary type of injury, grade and anatomical location of injury, 
type of tissue injured, head and knee trauma, and environmental factors. 

Results: Findings per 10 team games indicated total injury incidence rates of 15.2 versus 13.9, minor injury incidence rates 
of 12.1 versus 10.7, substantial injury incidence rates of 1.9 versus 1.3, and severe injury incidence rates of 1.1 versus 1.9 
were documented on FieldTurf versus natural grass, respectively. 

Multivariate analyses indicated significant playing surface effects by injury time loss, injury mechanism, anatomical 
location of injury, and type of tissue injured. Higher incidences of 0-day time loss injuries, noncontact injuries, surface/
epidermal injuries, muscle-related trauma and injuries during higher temperatures were reported on FieldTurf. Higher 
incidences of 1- to 2-day time loss injuries, 22+ days time loss injuries, head and neural trauma, and ligament injuries were 
reported on natural grass. 

Conclusions: Although similarities existed between FieldTurf and natural grass over a 5-year period of competitive play, 
both surfaces also exhibited unique injury patterns that warrant further investigation.

Incidence, Mechanisms, and Severity of Game-Related College Football Injuries on FieldTurf Versus Natural Grass, A 3-Year 
Prospective Study, Michael C. Meyers, PhD, FACSM, From the Department of Health and Human Development, Montana 
State University, Bozeman, Montana. The American Journal of Sports Medicine, Vol. 38, No. 4 DOI: 10.1177/0363546509352464 
_ 2010. 

Background: Numerous injuries have been attributed to playing on artificial turf. More recently, FieldTurf was developed to 
duplicate the playing characteristics of natural grass. No long-term studies have been conducted comparing game-related 
collegiate football injuries between the 2 playing surfaces. 

Hypothesis: Collegiate athletes do not experience any difference in the incidence, mechanisms and severity of game-
related injuries between FieldTurf and natural grass. 

Study Design: Cohort study; Level of evidence, 2. 

Methods: Twenty-four universities were evaluated over 3 competitive seasons for injury incidence, injury category, time of 
injury, injury time loss, player position, injury mechanism, primary type of injury, grade and anatomical location of injury, 
type of tissue injured, trauma (head, knee and shoulder) and environmental factors. 

Results: In sum, 465 collegiate games were evaluated for game-related football injuries sustained on FieldTurf or natural 
grass during 3 seasons. Overall, 230 team games (49.5%) were played on FieldTurf versus 235 team games (50.5%) played 
on natural grass. A total of 2253 injuries were documented, with 1050 (46.6%) occurring during play on FieldTurf, and 
1203 (53.4%) on natural grass. Multivariate analysis per 10 team games indicated significantly lower total injury incidence 
rates on FieldTurf, 45.7, versus natural grass, 51.2. Significantly lower minor injury incidence rates, 38.0 versus 39.9, 
substantial injury incidence rates, 5.0 versus 7.2, and severe injury incidence rates, 2.7 versus 4.1, were documented on 
FieldTurf versus natural grass, respectively. Multivariate analyses also indicated significantly less trauma on FieldTurf 
when comparing injury time loss, injury situation, grade of injury, injuries under various field conditions and temperature. 
No significant differences in head, knee, or shoulder trauma were observed between playing surfaces. 

Conclusion: FieldTurf is in many cases safer than natural grass. It must be reiterated, however, that the findings of this 
study may be generalizable to only this level of competition. Because this study is still in the early stages, investigation is 
ongoing. 

Incidence, Mechanisms, and Severity of Game-Related High School Football Injuries Across Artificial Turf Systems of Various 
Infill Weight,  Michael C. Meyers, PhD, FACSM, Associate Professor Department of Sport Science and Physical Education, 
Idaho State University Pocatello, ID 83209. Findings presented at the American Orthopaedic Society for Sports Medicine 
(AOSSM) Annual Meeting in July 2014 in Seattle, WA. 

This is the first study to investigate the influence of artificial infill surface weight on the incidence of game-related high 
school football trauma. 
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Prospective cohort study focusing on competitive season and playoff games from 2010-2012.Total of 43 high schools 
participating across four states.  Artificial turf systems were divided into four sand/rubber infill weight groups based on 
pounds per square foot. As the artificial infill surface weight decreased, the incidence of game related high school football 
trauma significantly increased across numerous playing conditions.  

Injury Risk on Artificial Turf and Grass in Youth Tournament Football, Soligard T, Bahr R, Andersen TE, 2010, Scandinavian 
Journal of Medicine and Science in Sports, DOI: 10.1111/j.1600-0838.2010.01174.x. 

The aim of this prospective cohort study was to investigate the risk of acute injuries among youth male and female 
footballers playing on third-generation artificial turf compared with grass. Over 60000 players 13–19 years of age were 
followed in four consecutive Norway Cup tournaments from 2005 to 2008. Injuries were recorded prospectively by the 
team coaches throughout each tournament. The overall incidence of injuries was 39.2 (SD: 0.8) per 1000 match hours; 
34.2 (SD: 2.4) on artificial turf and 39.7 (SD: 0.8) on grass. After adjusting for the potential confounders age and gender, 
there was no difference in the overall risk of injury [odds ratio (OR): 0.93 (0.77–1.12), P=0.44] or in the risk of time loss 
injury [OR: 1.05 (0.68–1.61), P=0.82] between artificial turf and grass. However, there was a lower risk of ankle injuries [OR: 
0.59 (0.40–0.88), P=0.008], and a higher risk of back and spine [OR: 1.92 (1.10–3.36), P=0.021] and shoulder and collarbone 
injuries [OR: 2.32 (1.01–5.31), P=0.049], on artificial turf compared with on grass. In conclusion, there was no difference in 
the overall risk of acute injury in youth footballers playing on third-generation artificial turf compared with grass.

Playing Surface Technical Analysis 3,FIFA, Prozone Study, 2011.

This is the third study FIFA has commissioned to analyze and compare player performance during games played on top 
quality synthetic turf and grass. All three studies and other FIFA research are available here: 

Conclusions: These studies found that no significant differences exist between team and player performance on football 
[synthetic] turf and natural grass. 
http://www.fifa.com/aboutfifa/footballdevelopment/pitchequipment/footballturf/testsresearch/studies.html

Risk of Injury in Elite Football Played on Artificial Turf Versus Natural Grass: A prospective two-cohort study, J. Ekstrand, T. 
Timpka, M. Hagglund, British Journal of Sports Medicine 2006; 40:975-980.

Objective: “To compare injury risk in elite football [soccer] played on artificial turf compared with natural grass.”

Conclusion: “No evidence of a greater risk of injury was found when football was played on artificial turf compared with 
natural grass. The higher incidence of ankle sprain on artificial turf warrants further attention, although this result should 
be interpreted with caution as the number of ankle sprains was low.”

Risk of Injury on Artificial Turf and Natural Grass in Young Female Football [Soccer] Players, Kathrin Steffen, Thor Einar 
Andersen, Roald Bahr, British Journal of Sports Medicine 2007; 41:i33-i37. 
http://bjsm.bmj.com

Objective: “To investigate the risk of injury on artificial turf compared with natural grass among young female football 
[soccer] players.”

Conclusion: “In the present study among young female football [soccer] players, the overall risk of acute injury was similar 
between artificial turf and natural grass.”

Risk of Injury on Third Generation Artificial Turf in Norwegian Professional Football, Bjørneboe J, Bahr R, Andersen TE, 2010 
British Journal of Sports Medicine, 44: 794-798.

Methods: All injuries sustained by players with a first-team contract were recorded by the medical staff of each club, from 
the 2004 throughout the 2007 season. An injury was registered if the player was unable to take fully part in football activity 
or match play.

Results: A total of 668 match injuries, 526 on grass and 142 on artificial turf, were recorded. The overall acute match injury 
incidence was 17.1 (95% CI 15.8 to 18.4) per 1000 match hours; 17.0 (95% CI 15.6 to 18.5) on grass and 17.6 (95% CI 14.7 to 
20.5) on artificial turf. Correspondingly, the incidence for training injuries was 1.8 (95% CI 1.6 to 2.0); 1.8 (95% CI 1.5 to 2.0) 
on grass and 1.9 (95% CI 1.5 to 2.2) on artificial turf respectively. No significant difference was observed in injury location, 
type or severity between turf types.
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Conclusion: No significant differences were detected in injury rate or pattern between 3GAT and NG in Norwegian male 
professional football.

STOP Sports Injuries
The STOP Sports Injuries campaign, initiated by the American Orthopaedic Society for Sports Medicine, has injury 
prevention information on 25 sports ranging from water polo to martial arts to basketball. 
http://www.stopsportsinjuries.org/

Very Positive Medical Research on Artificial Turf, Turf Roots Magazine 01, pp. 8-10. 
www.fifa.com.
A report of medical research conducted by FIFA’s Medical Assessment and Research Centre (F-MARC) comparing injuries 
sustained at the FIFA U-17 tournament in Peru, which was played entirely on “football turf” (synthetic turf) with the injuries 
sustained at previous U-17 tournaments, which were played mainly on well-manicured grass. “The research showed that 
there was very little difference in the incidence, nature and causes of injuries observed during those games played on 
artificial turf compared with those played on grass.” 
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/docs/peru_case_study_11170.pdf

Youth Sports Safety Alliance
Since 2010, the Youth Sports Safety Alliance has worked to raise awareness, advance legislation and improve medical 
care for young athletes across the country. High school athletes suffer 2 million injuries, 200,000 doctor visits and 30,000 
hospitalizations every year. The Alliance is committed to reducing those numbers and improving the health and safety 
of young athletes. Spearheaded by the National Athletic Trainers’ Association, more than 100 organizations have joined 
together in the knowledge that speaking and acting collectively is more effective. http://www.youthsportssafetyalliance.
org/

5.2 ENVIRONMENTAL & HEALTH RISK OF SYNTHETIC TURF WITH CRUMB RUBBER INFILL

2009 Study of Crumb Rubber Derived from Recycled Tires Final Report. Xiaolin Li, William Berger, Craig Musante, MaryJane 
Incorvia Mattina, Connecticut Agricultural Experiment Station, Department of Analytical Chemistry, May 2010.

A Review of the Potential Health and Safety Risks from Synthetic Turf Fields Containing Crumb Rubber Infill. Elizabeth Denly, 
Katarina Rutkowski, Karen M. Vetrano, Ph.D., TRC, Prepared for NYC Department of Health and Mental Hygiene, May 2008. 

To date, eleven human health risk assessments were identified that evaluated exposure to the constituents in crumb 
rubber. Although each risk assessment was conducted using distinct assumptions and evaluated different concentrations 
of COPCs (chemicals of potential concern) in crumb rubber, all had a similar conclusion: exposure to COPCs from the crumb 
rubber may occur, however, the degree of exposure is likely to be too small through ingestion, dermal or inhalation to 
increase the risk for any health effect. The risk assessments have been conducted primarily by state agencies, consultants, 
and industry groups.

A Scoping-Level Field Monitoring Study of Synthetic Turf Fields and Playgrounds. National Exposure Research Laboratory, 
Office of Research and Development, U.S. Environmental Protection Agency, 2009. 

This study and statements of safety by the U.S. EPA of synthetic turf fields and playgrounds containing crumb rubber from 
recycled tires complements the study and statement of safety by the CPSC in 2008 (see below). In its Press Release, the 
EPA summarized its findings, including the following: 

The levels of particulate matter, metals, and volatile organic compound concentrations in the air samples above the 
synthetic turf were similar to background levels;

All air concentrations of particulate matter and lead were well below levels of concern;

Zinc, which is a known additive in tires…was found to be below levels of concern.

See December 10, 2009 EPA Press Release, Limited EPA Study Finds Low Level of Concern in Samples of Recycled Tires 
from Ballfield and Playground Surfaces

Air Quality Survey of Synthetic Turf Fields Containing Crumb Rubber Infill. New York City Department of Health and Mental 
Hygiene, 2009.
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An Assessment of Chemical Leaching, Releases to Air and Temperature at Crumb-Rubber Infilled Synthetic Turf Fields. Lim, L. 
and R. Walker, New York State Department of Environmental Conservation and Department of Health, Editor, 2009. Initial 
findings suggested that there was a low likelihood of risk to the environment or public health via drinking water from 
ground or surface water contamination.  Further, the concentrations of VOCs and particulate matter detected above the 
surface of the fields did not exceed background levels, and thus do not suggest an increased risk from the installation of 
these fields.

An Evaluation of the Health and Environmental Impacts Associated with Synthetic Turf Playing Fields University of Connecticut 
Health Center. Connecticut Agricultural Experiment Station, Department of Public Health, Connecticut Department of 
Environmental Protection, July 2010.

The headline from the July 30, 2010 News Release from the Connecticut Department of Public Health announced, “Result 
of State Artificial Turf Fields Study: No Elevated Health Risk.” Comprising separate reports from the four state agencies 
listed above, the Final Report presents the results of an extensive study into the health and environmental risks associated 
with outdoor and indoor synthetic turf fields containing crumb rubber infill. “This study presents good news regarding the 
safety of outdoor artificial turf fields,” stated Department of Public Health Commissioner Dr. J. Robert Galvin.

The above link is to the Overall Executive Summary, which includes links to the News Release, the four separate reports 
from the state agencies, and the report by the Peer Review Committee from The Connecticut Academy of Science and 
Engineering (see below).

Artificial Turf Field Investigation in Connecticut Final Report. Nancy Simcox, Anne Bracker, John Meyer, Section of 
Occupational and Environmental Medicine, University of Connecticut Heath Center, July 2010.

DEP Artificial Turf Stormwater Study. University of Connecticut Health Center, The Connecticut Agricultural Experiment 
Station, the Department of Public Health and DEP, July 2010.

Human Health Risk Assessment of Artificial Turf Fields Based upon Results from Five Fields in Connecticut. Connecticut 
Department of Public Health, Program in Environmental and Occupational Health Assessment, July 2010.

Peer Review of an Evaluation of the Health and Environmental Impacts Associated with Synthetic Turf Playing Fields. 
Connecticut Academy of Science and Engineering, June 2010

An Open Letter concerning the potential cancer risk from certain granulate infills from artificial turf. FIFA, Prof. Dr. Jiri Dvorak, 
July 2006. “The majority of the studies have been on higher surface area particles and have concluded they are currently 
acceptable. Therefore the larger granules used in artificial turf will have even less potential for emissions. For example a 
study undertaken by the Danish Ministry of the Environment concluded that the health risk on children’s playgrounds that 
contained both worn tyres and granulate rubber was insignificant. The available body of research does not substantiate 
the assumption that cancer resulting from exposure to SBR granulate infills in artificial turf could potentially occur.”

Artificial turf football fields: environmental and mutagenicity assessment. Department of Public Health and Microbiology, 
University of Torino, Italy, 2012.

Artificial turf pitches – An assessment of the health risks for football players. Norwegian Institute of Public Health and the 
Radium Hospital, 2006, Oslo. p. 1-34.

Recycled rubber granulate contains many chemical substances which are potentially harmful to health. The concentrations 
of these substances are however extremely low, they are only leached from the rubber granulate in very small quantities 
and they are only present in low concentrations in the hall air.

It has been concluded that exposure to benzene and PAHs in the quantities in which they have been measured in the halls 
will not cause any increased risk of cancer using the halls.

Chemical substances are released in very low quantities; based on worst case assumptions, use of artificial turf halls does 
not pose elevated risk; more information needed on natural rubber allergens. http://c.ymcdn.com/sites/syntheticturfcouncil.
site-ym.com/resource/resmgr/Docs/Artificial_turf_pitches_-_an.pdf
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Artificial Turf:  Exposures To Ground-Up Rubber Tires Athletic Field, Playgrounds, Gardening Mulch, Environment & Human 
Health, Inc., 2007

In this report, Environment and Human Health, Inc. evaluates the information known about the potential health and 
environmental risks from exposure to crumb rubber made from recycled tires. 
http://www.ehhi.org/reports/turf/turf_report07.pdf

Chemicals in Outdoor Artificial Turf: A health risk for users? Beausoleil, Monique et. al, Public Health Branch, Montreal Health 
and Social Services Agency, June 2009.

CPSC Staff Finds Synthetic Turf Fields OK to Install, OK to Play On. U.S. Consumer Product Safety Commission, NEWS 
from CPSC, July 30, 2008. The CPSC staff conducted tests of synthetic turf products for analysis of total lead content and 
accessible lead. In the above News Release it concludes that, “young children are not at risk from exposure to lead in these 
fields.” For a summary of the analytical methods used and the test results, see CPSC Staff Analysis and Assessment of 
Synthetic Turf “Grass Blades”.

Crumb Infill and Turf Characterization for Trace Elements and Organic Materials. Dr. Paul J. Lioy and Dr. Clifford Weisel, 
Environmental and Occupational Health Sciences Institute, Robert Wood Johnson Medical School, October 31, 2011, 
Submitted to NJDEP.

Emission Characteristics of VOCs from Athletic Tracks. Chang, F.H., et al., J Hazard Mater, 1999. 70(1-2): p. 1-20. From 67 to 
160 °F, the vapor pressure of benzothiazole increases by a factor of almost 40. However, based on a study of a synthetic 
rubber athletic track, total VOC emissions are estimated to increase by a factor of only 2 over the same range. No exposure 
estimates or risk calculations were determined based on results from this study. However, total VOC concentration at 
breathing height above the track was 0.39 μg/m3.

Environmental and health assessment of the use of elastomer granulates (virgin and from used tyres) as infilll in third-
generation artificial turf. Dr. Robert Moretto, ADEME / ALIAPUR / FIELDTURF TARKETT, 2007.

According to current research, after a year’s experimentation, the results on the 42 physicochemical parameters identified 
and on the ecotoxocological tests show that water passing through artificial turf using as filling either virgin TPE or EPDM 
or granulates resulting from the recycling of PUNR are not likely to affect water resources in the short and medium term.

In conclusion to its study, the INERIS stipulates that the health risks associated with the inhalation of VOC and aldehydes 
emitted by artificial surfaces on pitches in outdoor situations present no actual cause for concern as regards human health.

Worst case indoor VOC and aldehyde concentrations do not pose a health concern for adult or child athletes.

Environmental and Health Risks of Rubber Infill: Rubber crumb from car tyres as infill on artificial turf. Hofstra, U., INTRON, 
January 2007. 

Based on the available literature on exposure to rubber crumb by swallowing, inhalation and skin contact and our 
experimental investigations on skin contact we conclude, that there is not a significant health risk due to the presence of 
rubber infill for football players on artificial turf pitch with rubber infill from used car tyres.

Environmental Impacts of Recycled Rubber in Light-Fill Applications. Liu, Helen S., et. al., Department of Plastics Engineering, 
University of Massachusetts Lowell, August 1998. 

Recycled rubber derived from scrap tires is a safe recyclable material. Based on the evidence presented, the overwhelming 
conclusion is that it would be reasonable to recommend use of recycled scrap tires in civil engineering applications.

Environmental Risk Assessment of Artificial Turf Systems. Kallqvist, T., Norwegian Institute for Water Research: Oslo. p. 1-19, 
2005.

Evaluation of Health Effects of Recycled Waste Tires in Playground and Track Products. California Integrated Waste Management 
Board, 2007, Integrated Waste Management Board: Sacramento, CA. 

Using the highest published levels of chemicals released by recycled tires, the likelihood for noncancer health effects 
was calculated for a one-time ingestion of ten grams of tire shreds by a typical three-year-old child; only exposure to 
zinc exceeded its health-based screening value (i.e. promulgated by a regulatory agency such as OEHHA or U.S. EPA). 
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Overall, we consider it unlikely that a one-time ingestion of tire shreds would produce adverse health effects. Seven of 
the chemicals leaching from tire shreds in published studies were carcinogens, yielding a 1.2 x 10-7 (1.2 in ten million) 
increased cancer risk for the one-time ingestion described above. This risk is well below the di minimis level of 1 x 10-6 
(one in one million), generally considered an acceptable cancer risk due to its small magnitude compared to the overall 
cancer rate (OEHHA, 2006). 

Evaluation of health risks caused by skin contact with rubber granules used in synthetic turf pitches. Dr. Christa Hametner, 
Vienna, Dr. Hans Theodor Grunder, Berlin, 2007. 

No significant health risks by either direct contact to rubber granules or by contact to rubber dust - with the exception of 
the risk of allergic reactions in indoor applications. 

Evaluation of Playing Surface Characteristics of Various In-Filled Systems. McNitt, A.S., 2008 April 9, 2008. 

Total microbial numbers were lower in synthetic turf systems when compared to natural grass fields. Staphylococcus 
aureus was not found on any of the playing surfaces.

Evaluation of Potential Environmental Risks Associated with Installing Synthetic Turf Fields on Bainbridge Island. D. Michael 
Johns, Ph.D., Windward Environmental LLC, Seattle, WA, February 2008. 

 Review of available scientific literature and publications in order to provide an assessment about potential risks to the 
environment from zinc and chemicals contained in crumb rubber infill. “...water that percolates through turf fields with tire 
crumb is not toxic...”

Evaluation of the Environmental Effects of Synthetic Turf Athletic Fields. Bristol, S.G. and V.C. McDermott, Milone & MacBroom, 
Inc., December 2008

Heat: On hot sunny days, surface temp of the fibers was 40-50 degrees hotter than ambient temp; air temp at 2’ above 
surface or under cloud cover was near ambient. Crumb rubber was only a few degrees hotter than ambient. Watering the 
field had a short-term effect.

Off-gassing: EHHI identified certain compounds of concern in its very limited 2007 laboratory study of the chemicals 
contained in crumb rubber – benzothiazole, volatile nitrosamines, and 4-(tert-octyl) Phenol. MMI tested for these 
compounds in the air above the synthetic turf fields with crumb rubber infill at several locations. A “very low concentration” 
of benzothiazole was found at 1 of 2 fields -- the other compounds were not detected.

Leaching: Testing done over one year period. Test for zinc, lead, selenium, and cadmium, and compared to lowest aquatic 
life criterion for each element. Only zinc detected, and then well below water quality standard.

Fact Sheet: Crumb-Rubber Infilled Synthetic Turf Athletic Fields. New York City Department of Health, August 2008. 

Our review of the available information on crumb rubber and crumb rubber infilled turf fields indicates that ingestion, 
dermal or inhalation exposures to chemicals in or released from crumb rubber do not pose a significant public health 
concern.

Five Year Study of the Water Quality Effects of Tire Shreds Placed Above the Water Table. Humphrey, D.N. and E.K. Lynn, 
Department of Civil and Environmental Engineering, University of Maine, March 2001. 

Tire shreds have a negligible impact on groundwater quality at neutral pH.

Follow-up Study of the Environmental Aspects of Rubber Infill. Hofstra, U., INTRON, 2008. 

Hazardous Chemicals in Synthetic Turf Materials and Their Bioaccessibility in Digestive Fluids. Zhang JJ, Han IK, Zhang L, 
Crain W. et. al, 2008.

Hydroxypyrene in urine of football players after playing on artificial sports field with tire crumb infill. Joost G. M., van Rooij 
Æ, Frans J. Jongeneelen, International Archives of Occupational and Environmental Health, (2010) 83:105–110. 

This study provides evidence that uptake of PAH of football players active on artificial grass fields with rubber crumb 
infill is minimal. If there is any exposure, then the uptake is very limited and within the range of uptake of PAH from 
environmental sources and/or diet.
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Initial Evaluation of Potential Human Health Risks Associated with Playing on Synthetic Turf Fields on Bainbridge Island. http://
sfrecpark.org/wp-content/uploads/6_Study_Synthetic_Turf_on_Bainbridge_Island.pdf. D. Michael Johns, Ph.D., Windward 
Environmental LLC, Seattle, WA. 

“The results of this initial evaluation of sport play on synthetic turf fields are consistent with the findings of the other 
human health risk assessments evaluating the risks from using tire crumb in recreational settings. Despite the use of a 
highly conservative exposure model (assuming that children and teenagers playing on a sport team will use the turf fields 
5 times a week for either 3 or 7 years), cancer risks resulting from dermal contact and through incidental ingestion of tire 
crumb were all several orders of magnitudes below the EPA risk threshold level of 1 in 1,000,000 and non-cancer risks 
were all less than 1.0”

Initial Evaluation of Potential Human Health Risks Associated with Playing on Synthetic Turf Fields on Bainbridge Island. D. 
Michael Johns, Ph.D., Windward Environmental LLC, Seattle, WA, January 2008. 

Review of available scientific literature and publications in order to provide an assessment about potential risks of human 
health to children and teenagers and the risks to the environment from precipitation runoff.

Leaching of zinc from rubber infill on artificial turf (football pitches). Laboratory for Ecological Risk Assessment, 2007. 

Human health risks posed by leaching of zinc are negligible as zinc concentrations in the water do not exceed drinking 
water standards. The risks of zinc to public health are of no concern: the human toxicity of zinc is low and WHO drinking 
water criteria are not exceeded.

Lower Canada College Test Results of Crumb Rubber Compared with Strict European Standard for Toys.

”This test analysis measures the toxicity of crumb rubber infill against a strict European standard for all toys and materials 
that may be ingested by children. The lab report showed that, even against the most rigorous standard for heavy metals 
in toys, the results were well below the standard at negligible or not detectable levels.”

Measurement of non-exhaust particulate matter. Luhana, L., et al., 2004, Deliverable 8 of European Commission DG TrEn 5th 
Framework PARTICULATES Project. 

In comparison to the indoor fields, 7.5 percent of PM10 at an urban Switzerland curb side sampling location was attributed 
to tire wear particles. The fraction of PM10 attributed to tire wear particles was 2 percent at an urban background site. 
The levels of PM10 attributable to ground rubber measured at Norwegian fields appear to be similar in magnitude levels 
attributed in ambient air near roadways or tunnels. Typical ambient tire wear particle concentrations of PM10 or total 
suspended particulate are 2-5 μg/m3 for roadways and 10-20 μg/m3 for tunnels. Research to date has shown a highly 
variable distribution between fine (< 2.5 μm) and coarse (>7 μm) in airborne roadside tire wear particles.

Natural and Synthetic Turf: A Comparative Analysis, San Francisco Department of Recreation and Parks, Morrison Lemar, 
December 2005. 
http://www.synturf.org/images/FN9and23_SanFran_www.cityfieldsfoundation.org_Comparison_fieldturf.pdf

Nitrosamines released from rubber crumb. van Bruggen, M., E.M. van Putten, and P.C.J.M. Janssen, 2007, RIVM: Bilthoven, 
the Netherlands. 

Small quantities of nitrosamines emitted but not detectable in air; nitrosamine related health effects not likely.

Noted Toxicologist Releases Report on Crumb Rubber Safety. 

“Shaw Industries, Inc. recently retained Dr. Laura C. Green, a noted toxicologist, to review claims in the media that 
synthetic turf athletic fields that utilize crumb-rubber as an infill material may pose a risk of cancer to those who use them, 
particularly children and adolescents.” March 2015

“Comment on CPSC Report #20150608-°©-22F81-°©-2147431268 Assessment of the risk of cancer posed by rubber mulch 
used in playgrounds. June 29, 2015” 

Potential health and environmental effects linked to artificial turf systems – final report.  Plesser, Thale S.W., Lund, J. Ole, 
Norwegian Building Research Institute, September 2004.    Rubber granules contain lead, cadmium, copper, mercury, zinc, 
PAHs, phthalates, 4- toctylphenol and isononylphenol. 
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Concentration of lead, cadmium, copper and mercury in the rubber granules is below the Norwegian Pollution Control 
Authority’s normative values for most sensitive land use and probably does not constitute an unacceptable environmental 
risk in the short or the long term.

Concentrations of zinc and PAH in the recycled rubber granules exceed the Norwegian Pollution Control Authority’s 
normative values for most sensitive land use. The concentrations of dibutylphthalate (DBP) and diisononylphthalate 
(DINP) exceed the PNEC values for terrestrial life.

Concentration of isononylphenol is above the limits specified for cultivated land in the Canadian Environmental Quality 
Guidelines.

Leachate from the recycled granulates contain zinc, polycyclic aromatic hydrocarbons (PAH), phthalates and phenols. 
The concentration of zinc indicates that the leachate water is placed in the Norwegian Pollution Control Authority’s 
Environmental Quality Class V (very strongly polluted water), but is lower than the permissible zinc concentration in 
Canadian drinking water. The concentration of anthracene, fluoranthene, pyrene and nonylphenols exceed the limits for 
freshwater specified in the Canadian Environmental Quality Guidelines. 

The recycled rubber granulates give off a significant number of alkylated benzenes in gaseous form. Trichloromethane 
(sample 1) and cis-1,2-dichlorethene (sample 5) were also found.

Preliminary Assessment of the Toxicity from Exposure to Crumb Rubber: its use in Playgrounds and Artificial Turf Playing Fields. 
Thomas Ledoux, Ph.D., New Jersey Department of Environmental Protection, June 2007. With the possible exception of 
allergic reactions among individuals sensitized to latex, rubber and related products, there was “no obvious toxicological 
concern” raised that crumb rubber in its intended outdoor use on playgrounds and playing fields would cause adverse 
health effects in the normal population. 

Re: Ambient Air Sampling for PAH’s, Schreiber High School Football Field (101 Campus Dr., Port Washington, NY 11050; 
Sampling Date: October 17, 2007).  Broderick, J.C., E. Vonderhorst, Editor, J.C. Broderick & Associates, Inc.: Port Washington, 
NY, 2007.

Review of the Human Health & Ecological Safety of Exposure to Recycled Tire Rubber found at Playgrounds and Synthetic 
Turf Fields. Prepared for Rubber Manufacturers Association by Cardno ChemRisk, Inc. (An independent global scientific 
consulting firm), August 1, 2013. 

 A report by an independent environmental firm on the human health and ecological risks from ground rubber in 
playgrounds and sports fields, and based on a thorough review of studies from advocates and opponents to the use of 
recycled tire materials.

Review of the Impacts of Crumb Rubber in Artificial Turf Applications. Simon, Rachel, University of California, Berkeley, 
Laboratory for Manufacturing and Sustainability, February 2010. Prepared for: The Corporation for Manufacturing 
Excellence (Manex).

“The research conducted by Manex and Berkeley is among the most comprehensive reports to date, reviewing and 
assessing existing studies from the past 12 years, as well as containing independent analysis. The conclusions of this study 
validate key findings from other recent studies, demonstrating the materials are both cost-effective and safe.” Extensive 
research has pointed to the conclusion that these fields result in little, if any, exposure to toxic substances. A review of 
existing literature points to the relative safety of crumb rubber fill playground and athletic field surfaces. Generally, these 
surfaces, though containing numerous elements potentially toxic to humans, do not provide the opportunity in ordinary 
circumstances for exposure at levels that are actually dangerous. Numerous studies have been carried out on this material 
and have addressed numerous different aspects of the issue. For the most part, the studies have vindicated defenders of 
crumb rubber, identifying it as safe, cost-effective, and responsible use for tire rubber.

Recent issues that have surfaced relate to Carbon Black and Lead, however, for the vast majority of applications, serious 
physical harm has not occurred from these particulates. See April 5, 2010 Manex/UC Berkeley Press Release, Manex and 
UC Berkeley Issue Study on Recycled Rubber in Artificial Turf Applications.
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Rubber Crumb Health Risk Evaluation. Lamie, P. Memorandum to: Richard Reine, Director Concord Public Works, April 24. 
2007 [cited 2008 4/28]. 

There is little exposure to and thus little risk from PAHs or other chemicals associated with ground rubber used in artificial 
turf fields to the human population.

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. Office of Environmental 
Health and Hazard Assessment, Department of Resources Recycling and Recovery, Editor. 2010, State of California.

PM2.5 and associated elements (including lead and other heavy metals) were either below the level of detection or at 
similar concentrations above artificial turf athletic fields and upwind of the fields. No public health concern was identified.

STC PowerPoint Presentation: The Safety, Research and Facts about Synthetic Turf with Crumb Rubber Infill »

This presentation summarizes the critical research on the health effects of crumb rubber as it pertains to toxicities from 
inhalation, ingestion, and dermal contact, as well as cancer.

Synthetic Playfields Task Force Findings and Department Recommendations. San Francisco Recreation and Parks Department, 
2008. 

SFE recognizes that human health risks are minimal from exposure to the crumb rubber infill used with synthetic turf 
products, according to the OEHHA study. 

Synthetic Turf from a Chemical Perspective - A status report. The Swedish Chemicals Inspectorate (Kemi), 
KEMIKALIENIMSPEKTIONEN Sundbyberg. p. 1-31, 2006. 

Synthetic Turf Versus Natural Turf for Playing Fields. Philip Dickey, Staff Scientist, Washington Toxics Coalition, 2007.  http://
sfrecpark.org/wp-content/uploads/rptsyntheticturfgeneral090407.pdf

Tabor Academy – Synthetic Turf Athletic Field Evaluation. CDM Smith, March 13, 2014.

The objective of this study was to evaluate the potential water quality impacts of the synthetic turf field at Tabor Academy 
in Marion, MA. Conclusion: “...stormwater runoff from the athletic field is not a source of pollutants/contaminants that 
would pose a threat to the harbor.”

Toxicological Evaluation for the Hazard Assessment of Tire Crumb for Use in Public Playgrounds Birkholz, D.A., K.L. Belton, 
and T.L. Guidotti, J. Air & Waste Management Association, July 2003. 

“Genotoxicity testing of tire crumb samples following solvent extraction concluded that no DNA or chromosome-damaging 
chemicals were present. This suggests that ingestion of small amounts of tire crumb by small children will not result in 
an unacceptable hazard of contracting cancer.” We conclude that the use of tire crumb in playgrounds results in minimal 
hazard to children and the receiving environment. Extracts were not genotoxic and exposure potential in children deemed 
minimal; tire rubber at playgrounds does not pose a health hazard to children. An exposure assessment performed to 
address the potential health risks to children playing in facilities where tire crumb is used as ground cover concluded that 
there was little potential for an exposure sufficient to cause ad- verse health effects in children.

Zinc in Drainage Water Under Artificial Turf Fields with SBR. Hofstra, U., INTRON, March 2009. 

On the basis of the new observations, we conclude that, after 7 years of use, zinc does not penetrate the underlays. This 
is consistent with the laboratory tests, in which it was calculated that zinc leaching will not occur until a period of 230 to 
1800 years has elapsed. It can also be concluded that the concentrations of zinc in the drainage water are not significantly 
higher than the concentrations in the rainwater.  After 7 years, there is no evidence that the use of rubber infill poses a risk 
in terms of the leaching of zinc.

5.3 HEAT

Evaluation of Playing Surface Characteristics of Various In-filled Systems. McNitt S., Petrunak D., Penn State Department of 
Crop and Soil Sciences; http://cropsoil.psu.edu/mcnitt/infill.cfm

National Athletic Trainers’ Association Position Statement: Exertional Heat Illnesses. Helen M. Binkley; Joseph Beckett†; 
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Douglas J. Casa; Douglas M. Kleiner; Paul E. Plummer

Journal of Athletic Training, Volume 37, Number 3, September 2002, pp. 329–34 Recommendations for the prevention, 
recognition, and treatment of exertional heat illnesses.

Synthetic Surface Heat Studies; Williams F.C., Pulley G.E.; Brigham Young University. 
http://cahe.nmsu.edu/programs/turf/documents/brigham-young-study.pdf

Synthetic Turf Playing Fields Present Unique Dangers. Adamson, C, Feature Research:; University of Missouri, Columbia, 
College of Agriculture, Food, and Natural Resources. 
http://cafnr.missouri.edu/research/turfgrass.php

5.4 STAPH & MRSA

A Survey of Microbial Populations in Infilled Synthetic Turf Fields. Andy McNitt, Ph.D., Associate of Professor of Soil Science, 
Penn State University, and Dianne Petrunak, M.S., and Thomas Serensits, M.S., June 2007. A survey to determine the 
microbial population of several crumb rubber infilled synthetic turf systems and natural turfgrass fields.

Chemicals and 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 Staphylcoccus Aureus (MRSA) Office of Environmental Health Hazard 
Assessment, California Environmental Protection Agency, July 2009. There is a negligible human health risk from inhaling 
the air above synthetic turf, and, though data gaps exist, it is “unlikely that the new generation of artificial turf is itself a 
source of MRSA….”  The OEHHA summary of the results is available here: http://www.calrecycle.ca.gov/tires/products/
bizassist/health/turfstudy/litreview.htm. The full report includes an important Addendum that references reports by the 
New York State Department of Environmental Conservation and Department of Health (May 2009) and the New York City 
Department of Health and Mental Hygiene (March 2009).

Aureden K, S. Garber. Methicillin-Resistant Staphylococcus ureus Infections Among Competitive Sports Participants --- 
Colorado, Indiana, Pennsylvania, and Los Angeles County, 2000-2003. MMWR  2003;52(33);793-795. 
http://www.apic.org/AM/Template.cfm?Section=Reports1&Template=/CM/Conten... m&ContentFileID=4262  

Begier et al. 2004. A High-Morbidity Outbreak of Methicillin-Resistant Staphylococcus aureus among Players on a College 
Football Team, Facilitated by Cosmetic Body Shaving and Turf Burns. Clin Inf Dis. 2004;39:1446-53. 

Centers for Disease Control and Prevention. Cleaning & Disinfecting Athletic Facilities for MRSA. 
http://www.cdc.gov/mrsa/community/enviroment/athletic-facilities.html  

Environmental Management of Staph and MRSA in Community Settings, Centers for Disease Control and Prevention, July 
2008.

Evaluation of Playing Surface Characteristics of Various In-Filled Systems. McNitt, A.S., Penn State University, College of 
Agricultural Science, April 9, 2008. 

 Total microbial numbers were lower in synthetic turf systems when compared to natural grass fields. Staphylococcus 
aureus was not found on any of the playing surfaces.
http://www.momsteam.com/modern-infilled-synthetic-turf-fields-dont-harbor-staph-bacteria-cause-mrsa-studies-
say#ixzz3oODMxxYQ

Official Statement on Community-Acquired MRSA Infections (CA-MRSA) National Athletic Trainers’ Association, March 1, 
2005.

Penn State Center for Sports Surface Research.  
http://plantscience.psu.edu/research/centers/ssrc 

Serensits TJ, McNitt AS, Peterunak DM. Human health issues on synthetic turf in the USA. J Sports Eng. & Tech. 2011;225(Part 
P). DOI:10.1177/1754337111398407. 

Survival of Staphylococcus aureus on Synthetic Turf. Andy McNitt, Ph.D., Associate Professor of Soil Science, Penn State 
University, December 2008.
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A research project funded by the Synthetic Turf Council and the Pennsylvania Turfgrass Council. A study to examine the 
survival of S. aureus on infilled synthetic turf systems and natural turfgrass under different environmental conditions 
and to evaluate the effectiveness of various control agents applied to the synthetic turf. S. aureus survived for as long on 
natural turfgrass as it did on synthetic turf systems in both indoor and outdoor settings. S. aureus lived longest indoors, 
but can be effectively treated with commercially available antimicrobial treatments as well as detergents. Outdoors S. 
aureus has a very low rate of survival, particularly when exposed to UV light and higher temperatures.

6. TECHNICAL GUIDELINES & OTHER RESOURCES

Frequently Asked Questions about Crumb Rubber Infill

The Synthetic Turf Council (STC) believes that independent, science-based information should be the foundation of any 
discussion regarding the safety of synthetic turf with crumb rubber infill. The STC and the synthetic turf industry take very 
seriously the health, safety, and welfare of those who play and stay active on synthetic turf. As the synthetic turf industry’s 
trade association, it is our responsibility to address the issues raised in recent media reports in an objective and balanced 
manner.
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/Files/CRUMB_RUBBER_FAQs.pdf

Guidelines for Maintenance of Infilled Synthetic Turf Sports Fields (2013). 
Maintenance guidance to augment, and not replace, the maintenance requirements and procedures of the company or 
companies providing the warranty for the field and the installation.  
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/files/stc_guidelines_for_maintenan.pdf

Guidelines for Minimizing the Risk of Heat-Related Illness, (2013). 
Precautions to minimize the risk of heat exhaustion, heat stroke or other heat-related health complications.  

Guidelines for Synthetic Turf Performance (2013). 
Guidelines for periodic and voluntary testing to indicate the type of maintenance that should be implemented to maximize 
multi-purpose sports field performance.
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/files/stc_guidelines_for_synthetic.pdf

Removal, Recovery, Reuse & Recycling of Synthetic Turf and Its System Components (2013). 
Addresses approaches to remove and process synthetic turf materials that have reached their end of life.
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/files/stc_removal_recovery_reuse_r.pdf

The Synthetic Turf Council suggests that any toxicological test and analysis of infill for synthetic turf fields be performed 
according to European Standard EN 71‐3 – Safety of Toys Part 3: Migration of certain elements. 
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/files/r14525can-b1_-_en.pdf

Suggested Guidelines for the Essential Elements of Synthetic Turf Systems (2011).
Reliable guidelines that address the need for essential elements to be included in an objective non-proprietary specification 
for synthetic turf systems.
http://c.ymcdn.com/sites/syntheticturfcouncil.site-ym.com/resource/resmgr/Files/STC_Essential_Elements_FINAL.pdf

 The Synthetic Turf Council Guidelines for Crumb Rubber Infill Used in Synthetic Turf Fields (2010).
This document provides producers, customers, and the public with an understanding of what crumb rubber infill is and 
how the industry manages its safety, purity and quality.
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/files/final_guidelines_for_crumb_r.pdf

The Synthetic Turf Council White Papers. 
The Synthetic Turf Council actively collects white papers and other technical presentations on a variety of topics within 
the industry. 
http://www.syntheticturfcouncil.org/general/custom.asp?page=White_Papers

Suggested Environmental Guidelines for Infill
http://c.ymcdn.com/sites/www.syntheticturfcouncil.org/resource/resmgr/Files/STC_ENVIRO_GUIDELINES_INFILL.pdf
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City of Novato, Fields Needs Assessment Study, Prepared For The City of Novato Parks, Recreation, & Community Services 
Department By The Sports Management Group.

7. SCIENTIFIC STUDIES AND SCIENTIFIC OPINIONS ON PHYSICAL ACTIVITY

“Healthy Parks, Healthy Communities, Addressing Health Disparities and Park Inequalities Through Public Financing of Parks, 
Playgrounds, and Other Physical Activity Settings.” The Trust for Public Land, by Yanez and Muzzy, October 2005.

“Contribution of Public Parks to Physical Activity” by Cohen, et al. Am J Prev Med, Vol 97, No. 3, March 2007.

 “Promotion of Physical Activity in Children” by Floriani and Kennedy of the UCSF Dept. of Family and Healthcare Nursing, 
2008.

Association of access to parks and recreational facilities with the physical activity of young children Roemmich, et al. 
Preventive Medicine 43, 2006.

Associations of Perceived Social and Physical Envtl Supports with Physical Activity and Walking Behavior, Addy et al. Am. 
Journal of Public Health, March 2004.

Children’s Physical Activity Drops From Age 9 to 15, NIH Study Indicates By 15, Most Fail To Reach Recommended Activity 
Level, NIH News, July 2008. 
http://www.nih.gov/news/health/jul2008/nichd-15.htm

Comparing Perceived and Objectively Measured Access to Recreational Facilities as Predictors of Physical Activity in 
Adolescent Girls, Scott, et al., J of UrbanHealth, Vol. 84, No. 3, 2007.

Contribution of Public Parks to Physical Activity, Cohen, et al. Am. Journal of Public Health, March 2007.

Healthy Weight: Physical Activity for a Healthy Weight,Centers for Disease Control and Prevention 
http://www.cdc.gov/healthyweight/physical_activity/index.html

Mac Arthur BART Transit Village Health Impact Assessment, Ch 6 Parks and Natural Spaces, Richardson, University of 
California Health Impact Group, Jan 2007.

Park-Based Physical Activity in Diverse Communities of Two US Cities, An Observational Study, Floyd, et al., Am J. of Prev. 
Med. V. 34, N. 4, April  2008.

Physical Activity Among Adolescents, When Do Parks Matter?Babey et al., Am J. Prev Med, Vol. 34, No. 4, April  2008.

Physical Activity and Neighborhood Resources in High School Girls, Pate, et al., Am J Prev Med. Vol. 34 No. 5, May 2008.

Physical Activity for Everyone: Guidelines, Centers for Disease Control and Prevention. 
http://www.cdc.gov/physicalactivity/everyone/guidelines/index.html

Physical Activity for Everyone: Guidelines, Older Adults,  Centers for Disease Control and Prevention. 
http://www.cdc.gov/physicalactivity/everyone/guidelines/olderadults.html

Physical Activity for Everyone: Making Physical Activity a Part of an Older Adult’s Life, Centers for Disease Control and 
Prevention. 
http://www.cdc.gov/physicalactivity/everyone/getactive/olderadults.html

Physical Activity Guidelines for Americans, U.S. Department of Health and Human Services, 2008. Provides science-based 
guidance to help Americans ages 6 and older maintain or improve their health through regular physical activity. http://
www.health.gov/paguidelines/guidelines/

Places to Play: Association of Park Space and Facilities with Healthy Weight Status among Children, Potwarka, et al., J 
Community Health, 2008.
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8. RESOURCES FOR INFORMATION ON MANAGING SYNTHETIC TURF FIELDS

A Guide to Synthetic and Natural Turfgrass for Sports Fields Selection, Construction and Maintenance Considerations, 3RD 
Edition, 2008 Sports Turf Managers Association.  
http://www.stma.org/sites/stma/files/STMA_Bulletins/STMA%20Syn%20and%20Nat%20Guide%203rd%20edition%20
FINAL.pdf.

Artificial Turf Fields Health and Safety Plan, Fremont Union High School District. Guidelines for users of artificial turf fields 
including Athletic Directors, coaches, Physical Education teachers, Band Directors, parents, students and all other persons 
directing or participating in activities on the artificial turf fields.

Buyer’s Guide for Synthetic Turf Field Construction. 
http://www.sportsbuilders.org/fields/buyersguide.cfm

‘Lessons Learned’: Peer Advice on the Management of Synthetic Sports Fields, Sports Turf Managers Association | Advisory 
Bulletin 5 | October 2007. 
http://www.turfchamps.com/pdf/Synthetic%20Field%20Tips.pdf
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