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February 3, 2012

Mayor Aron E. Cromwell
City Hall

6 East 6" Street

P.O. Box 708

Lawrence, Kansas 66044

Re:  TA-4-6-11 Synthetic Turf
Dear Mayor Cromwell:

We support most of the staff’s recommended text with a couple of exceptions. The
exceptions are based on our understanding that the City Commission’s request to permit
synthetic turf would be only as a method of alternative compliance with the landscape standards
and not as a matter of right. Synthetic turf would only be acceptable if a site met the conditions
of Code Section 20-1007 (a) that limit the use of alternative compliance to these conditions:

“(i)  Topography, soil, vegetation, space constraints or other site conditions are
such that full compliance is impossible or impractical or improved
environmental quality would result from the alternative compliance; or

(ii)  safety considerations make alternative compliance necessary.”
Code Section 20-1007 (a)(2)(1)

We do not support the Staff proposals that (1) restrict the use of synthetic turf to arbitrary
and specific sizes regardless of the nature of the unique site conditions; (2) that create installation
requirements that may conflict with a manufacturer’s warranty and thereby void it; and (3) create
a parallel system of inspection and enforcement for synthetic turf. Attached to this letter is a
copy of our proposed changes to the Staff proposal and the specific requests are as follows:

1, Delete proposed Section 20-1007 (a)(2).

The proposed additional limitations to the use of synthetic turf is arbitrary and excludes
consideration of the actual site conditions that may be ameliorated or improved with synthetic
turf.
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2. Delete proposed Section 20-1007 (c)(1)(i) first bullet.

This proposed condition limits synthetic turf only to areas that are unsuitable for living
vegetation and ignores the other conditions that may be suitable for alternative compliance.

3. Change the appeal provision in the existing Section 20-1007 (c)(3) to the City
Commission, rather than the Board of Zoning Appeals.

Site plans, including their landscape plans which may be under alternative compliance are
approved administratively by the Planning Director. All appeals, from the Planning Director’s
decision about site plans are to the City Commission. The appeals from any alternaitive
compliance issue including the use of synthetic turf should be to the same body. We should not
require some site plan issues to be appealed to the Board of Zoning Appeals while others are
appealed to the City Commission. Development Code Section 13-305 (k) states:

“(k)  Appeals

Appeals of the Planning Director’s decision on a Site Plan application may be
taken to the City Commission by filing a notice of appeal with the Planning
Director. Appeals shall be filed within 9 days of a decision to approve or
disapprove a Site Plan application,”

4, Delete proposed Section 20-1011 (a) Use Standards.

a. The first sentence of Section (a)(1) is a negative and an unnecessary opinion about
the use of synthetic turf. When an applicant for a site plan has his first meeting
with staff, a constructive discussion should be had regarding any unique and
difficult site conditions that may be resolved with alternative compliance. The
limitation on the use of synthetic turfto 10% of the site is arbitrary. Tt is based
solely on Staf’s review of site plans on which it might allow synthetic turf on
narrow areas. 1t fails to deal with actual difficult and unique conditions of a site.
What if the required amount of synthetic turfis 10.5% of the site?

b. Section 20-1011 (a)(2) should be deleted because there is no known environmental
support for such and because it is not practical to require one tree and two shrubs
for every 100 square feet of synthetic turf. For instance, based on the Staff study
of Frontier Apartments, 186 trees and 372 shrubs in addition to the otherwise
required landscaping would not fit on the site.
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5 Delete proposed Section 20-2011 (c)(1) of Installation.

The synthetic turf to be warranted must be installed in accordance with the manufacturer’s
specifications. This arbitrary installation standard may invalidate a turf warranty and should not
be imposed on the property owner who wants to protect his warranty.

6. Delete proposed Sections 20-2011 (d)(2), (3) and (4) of maintenance, replacement
and enforcement.

a. Section (d)(3)
Every property owner should be permitted the right to choose where to install bird
feeders, fruit or nut trees, or flowering shrubs, because every property owner may
have debris to deal with regardless of the type of turf that is beneath them.

b. Sections (d)(3) and (d)(4)
These sections add new duties to the Planning Director’s position. We have trained
city staff that inspect developments for site plan compliance. We have trained city
staff that notify owners of any violations and enforce Development Code
provisions. We do not need to add to the duties of the Planning Director or create
a parallel system of inspection and enforcement solely for synthetic turf.

/i Please add Section 20-2012 to ensure that the synthetic turf installed prior to the effective
date of this text amendment, is approved and the synthetic turf remains subject to the
amended maintenance, replacement and enforcement provisions of the text amendment.

Sincerely,
BARBER EMERSON, L.C.

] e W2l

J ane M. Eldredge

JME:dkh

&e: City Commission
Mary K. Miller
Scott McCullough



APPLICANT’S PROPOSED TEXT AMENDMENT LANGUAGE
(existing text, staff proposal, applicant proposal, staff alternative proposal)

20-1007 ALTERNATIVE COMPLIANCE
(a)  Applicability

(1) Alternative methods of compliance with the standards of this article including the use
of synthetic turf, may be used when one or more of the following conditions exist:

(i) Topography, soil, vegetation, space constraints or other site conditions are
such that full compliance is impossible or impractical, or improved

environmental quality would result from the alternative compliance.

(ii) Safety considerations make alternative compliance necessary.

3)(2) Alternative compliance is limited to the specific site under consideration and does
not establish precedent for or acceptance of alternative compliance plans on other
sites.

(b)  Approval Criteria
(1)  Tobeapproved, an alternative compliance landscape plan shall be equal to or exceed
traditional compliance in terms of quality of materials and visual effect, effectiveness
in meeting the purpose established in Section 20-1001, and material durability and
hardiness.

a. In addition to the criteria noted above, an alternative compliance landscape
plan for the use of Synthetic Turf shall also comply with the standards in
Section 20-1011.

() Procedure

(1)  Arequest for alternative compliance shall be accompanied by a landscape plan with
sufficient explanation and justification (written, graphic, or both) to allow appropriate

1



evaluation and decision.
(i) A request to utilize Synthetic Turf through alternative compliance shall be
accompanied by the following:
Lo " bishi ; il e 4 vt
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. A landscape plan which identifies and dimensions the areas to be
surfaced with Synthetic Turf, and notes this area in the landscape
summary along with the total percentage of the areas to be surfaced
with Synthetic Turf related to the total net site area.

. A copy of the Synthetic Turf manufacturer’s warranty and product
specifications.
. The installer’s contract information and credentials.

. A sample of the proposed Synthetic Turf.

2) A request for alternative compliance shall be submitted to the Planning Director at
the time the landscape plan is submitted. The Planning Director is authorized to
approve the alternative compliance plan if the Director determines that one or more
other conditions of Subsection (a) hereof exist, the approval criteria of Subsection
(e)(b) hereof are satisfied, and the purposes and overall standards of this Article will
be met by implementation of the plan.

3) Appeals of the decisions of the Planning Director may be filed with the Board-of
ZLoning-Appeals. City Commission.

20-1009 LANDSCAPE MATERIALS STANDARDS

(b)  Artificial Synthetic Plants
No artiftetat synthetic plants, shrubs, trees, or other vegetation may be used to met any
standards of this section with the exception of Synthetic Turf when approved through
alternative compliance.

20-2011 SYNTHETIC TURF STANDARDS

The use of Synthetic Turf may be approved through alternative compliance per the criteria in
Section 20-1007. The following standards are the minimum required standards for Synthetic
Turf when approved with alternative compliance.

)(a) Product Specification
() Synthetic Turf shall be green in color and have a minimum 8 year “no fade”
warranty.
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Synthetic Turf shall be of a type known as “cut pile infill” and shall be
manufactured from polyethylene monofilament fibers attached to a permeable
backing. The Planning Director may approve another material if the product has
been certified to meet applicable environmental and health regulations regarding
lead content. (Nylon based grass blades are not permitted,)

Infill medium shall consist of coated sand or 70% rubber/30% sand by volume.
Rubber infill made from old tires is not acceptable.

Minimum infill weight: 6 lbs per sq ft

Minimum infill height: not less than 40% of the fiber or pile height or .75".
Maximum infill height: not to exceed 75% of the fiber or pile height or 1.5".
Minimum pile height: 2 inch

Machine gauge: %" to 3/8"

Minimum fiber face weight: 40 oz per sq yard of unfilled Synthetic Turf
Minimum permeability (drainage rate): carpet itself: 50:water penetration per

square yard per hour; total installation: 14: water penetration per square yard per
hour.

te)(b) Installation:

1)

2

(3)

4
)

All Synthetic Turfshall be installed over-a-mininm-of two-inch-compacted gravel
or-comparable-material- according to the manufacturer’s specification.

Synthetic Turf shall be anchored at all edges and seams

All electric, water, gas and irrigation lines and conduits shall be run outside the
perimeter of a Synthetic Turf installation with the exception of those that provide
direct service to the structure on site.

Synthetic Turf may not be installed within the City right-of-way.

Synthetic Turf shall be installed by a certified licensed professional through the
Association of Synthetic Grass Installers (ASGI) or by a contractor with a valid
contractor’s license, ; and—shatl—be—instatted—purstant—to—muoanufacturer’s
speeifteations—

(d)(c) Maintenance, replacement and enforcement:

(1)

The Synthetic Turf shall be maintained to resemble a well-kept lawn, in a green

Sfadeless condition free of weeds, debris, tears, holes, and impressions. To achieve

this, the ASGI (Association of Synthetic Grass Installers) maintenance guidelines



which include, but are not limited to, guidelines related to the grooming and
cleaning of Synthetic Turf areas, and the use of herbicides to combat weed growth
are recommended.

5)(2) Should Synthetic Turf not be installed, maintained and replaced as needed to
comply with the approved landscape plan, the owner will be considered in violation
of the terms and conditions of the approved landscape plan will be considered a
violation of this Development Code subject to the penalties established in this
Development Code.

Section 20-2012
All synthetic turf installed prior to the effective date of Section 20-2011 shall be deemed
approved, but shall be subject to the provisions of section 20-2011(c)

Section 20-1701

Landscape Material: Stueh Living material such as trees, shrubs, ground cover/vines, Turf Grasses;
and non-living organic based material such as rocks, pebbles, sand, bar, brick pavers, earthen mounds
(excluding pavement); and/or other items of a decorative or embellishing nature such as fountains,
pools, walls, fencing, sculpture, etc.; and Synthetic Turf when approved through alternative
compliance.

Landscaping: Any combination of Hvingplantssuchas-trees; Shrubs; plants;-vegetattve-Ground
coverorturfgrasses—May Landscape Materials and/or other items that include structural

features such as walkways, fences, benches, works of art, reflective pools, fountains or the like.
Landscaping shall also include irrigation systems, Mulches, topsoil use, soil preparation, re-
vegetation or the preservation, protection and replacement of trees. dn-fimited-applications; the—
wse-of Synthetic Turf may be permitted as part of a landscaping plan though alternative
compliance.



Synthetic Turf: Carpet-like surfacing material manufactured from synthetic fibers which is
designed to resemble natural Turf grass.

Turf or Turf Grass: Any of various grasses grown to form an upper stratum of soil bound by
roofts into a thick mat.



MEMORANDUM

To:  Jane Eldredge

From: Melissa Vancrum

Re:  Artificial Turf use as Landscaping in Lawrence
Date: July 21, 2011

The Lawrence Development Code appears to prohibit the use of artificial turf as
part of any landscaping plan except as an alternative compliance element. However,
many other localities encourage the use of artificial turf in landscaped areas and offer
rebates for installing it and reducing water usage. Horizon 2020 encourages sustainable
landscaping and a sustainable physical environment. Such goals include the use of
artificial turf in many other circumstances.

Artificial turf has evolved dramatically in the last decade in safety, environmental
friendliness, attractiveness, and durability. It has received LEED points in a number of
projects. Artificial turf today can be indistinguishable from natural grass without close
inspection. In addition, it can support Lawrence’s goal of sustainability through
decreased water consumption, pesticide and herbicide runoff, emissions from mowers,
and grass clipping waste. The natural grass lawn is not sustainable and several
alternatives need to be evaluated. Perhaps a focused study session would be helpful to
more clearly analyze today’s artificial turf products and determine if they should become
a beneficial option of the local landscape.

The Natural Grass Lawn

The manicured grass lawn is a status symbol of the wealthy borrowed from

European manor houses." It is not “natural”. It is highly cultivated. The grass lawn

! Donaldson, Cameron, History of the American Lawn, The Limpkin: Newsletter of the Spacecoast
Audubon Society of Brevard County Florida.



proliferated in the U.S. after World War II as suburbia exploded. Americans previously
used their yards primarily for growing food.

The natural grass yard is anything but natural. “[A] typical U.S. lawn, one-third
of an acre in size, receives as much as 10 pounds of pesticides, 20 pounds of fertilizer,
and 170,000 gallons of water annually. What's more, in a year a homeowner could spend
the equivalent of a 40-hour workweek simply mowing that lawn (producing pollution
equal to that created by driving a car 14,000 miles) and hundreds of dollars caring for
it.”* Inthe effort to cultivate a sustainable environment, it is difficult to support the
natural grass lawn. However, many alternatives exist, including artificial turf.

Use

Artificial turf has evolved considerably since it was introduced in the 1960’s for
sports fields. Today artificial turfis used in parks, upscale residential yards, commercial
developments, and golf courses. Its use is now widespread in professional sports and
continually expanding for kids’ athletic fields, including those of the Lawrence Unified
School District. In recent years, artificial turf has become popular in celebrities’ yards.’
Walt Disney World, Disneyland and Epcot Center utilize artificial grass in some of their
landscaping.* New York City uses the turf in some parks, and California agencies use it

for some building landscaping.’

Appearance

% Bogo, Jennifer, Going the Extra Yard, Audubon Magazine, March 2002,
? Synthetic Turf Becomes Latest Celebrity Trend, A-Listers and Landmarks Conserve Water While
Beautifying Grounds” Synthetic Turf Council, May 31, 2001.
4

Id.
3 See California utillitClaudio, Luz, Synthetic Turf: Health Debate Takes Root, Environmental Health
Perspectives, March 2008,



One reason for the widespread adoption of artificial grass is the improvement in
look. Artificial turf can be selected in different shades of green with variegated strands
and even the look of dead thatch mixed within the green blades. ¢ Artificial turf also
comes in different lengths to mimic the look of different types of natural grass even up
close.

Health and Environmental Impacts

Use of artificial turf in select applications provides a significant benefit in the
form of a large reduction in water consumption and allergens. Artificial turf may require
occasional cleaning with water to remove dust and debris. This consumption is minimal
compared to the needs of natural grass. Water is used on artificial turf athletic fields to
cool the surface and provide traction before games. However, this would be unnecessary
for landscaping purposes. Artificial turf also reduces allergens such as pollen in the
environment. Crumb rubber from recycled tires often provides a sublayer for the
artificial turf which makes the surface of the turf softer. Concerns have been raised about
the irritation to latex allergy suffers due to the crumb rubber infill used in some artificial
turf installations. However, levels of latex in tires are much lower than in latex gloves
and other consumer products. To date no study has confirmed an issue of latex allergens
released from artificial turf.”

Scientific studies are in disagreement over the potential for environmental harm

from artificial turf. A CDC report identified lead dust on decaying old artificial turf

¢ Synthetic Turf Council, http://swww.syntheticturfcouncil.org/.
7 See, e.g., Evaluation of the Environmental Effects of Synthetic Turf Athletic Fields, Milone &
MacBroom, December 2008,



fields as a potential health issue.® While old artificial turf may contain high lead content,
the grass produced today must meet strict lead standards.” The industry has done this in
part by utilizing organic pigments. The Synthetic Turf Council has agreed to further
restrict lead content by complying with stringent lead standards proposed for children’s
products.'® In 2008, the Consumer Product Safety Commission released a report that
concluded that young children are not at risk of lead exposure from artificial turf in
athletic fields.'! In addition, an EPA study found that lead from recycled tires was not a
concern in artificial athletic fields and playgrounds.'?

Other potential issues including zinc continue to be studied. The EPA found
levels in of zinc in the air and surface to be below levels considered harmful at athletic
fields and playgrounds using recycled tires."”> A 2008 study found levels of zinc in
stormwater collected from artificial athletic field drainage systems to be below the
Connecticut water quality standard.'* Other chemicals such as lead, selenium and cadium
were not detected in the drainage.”> While some studies have found elevated zinc levels,
risk to humans is minimal as most zinc is absorbed into soil and does not dissolve in

water.'® In addition, zinc is not very toxic to humans so the danger is mostly to aquatic

¥ Artificial Turf, Centers for Disease Control and Prevention,

http://www.cde. gov/ncely/lead/tips/artificialturf htm

? Good News about Lead Problems in Artificial Turf, Center for Environmental Health, Fall 2010
Newsletter, http://www.ceh.org/component/content/article/454.

' STC’s Voluntary Commitment, Synthetic Turf Council, http://www.syntheticturfcouncil org.

"' CPSC Staff Finds Synthetic Turf Fields OK to Install, OK to Play On, News from CPSC, U.S. Consumer
Product Safety Commission, July 30, 2008.

"2 Limited EPA Study Finds Low Level of Concern in Samples of Recycled Tires from Ballfield and
Playground Surfaces, United States Environmental Protection Agency, December 10, 2009.

13 Limited EPA Study Finds Low Level of Concern in Samples of Recycled Tires from Ballfield and
Playground Surfaces, United States Environmental Protection Agency, December 10, 2009.

" Evaluation of the Environmental Effects of Synthetic Turf Athletic Fields, Milone & MacBroom,
December 2008.

P 1d.

1% Artificial Turf Field Investigation in Connecticut, Final Report, University of Connecticut Health Center,
Section of Occupational and Environmental Medicine, 21 July 27, 2010.



and plant life. The California Environmental Protection Agency released a report based
on two New York studies of air quality showing that exposure was “unlikely to produce
adverse health effects in persons using these fields.”!” “Extensive research has pointed to
the conclusion that these fields result in little, if any, exposure to toxic substances.”'®

Some studies have indicated concern with elevated temperature on artificial
athletic field surfaces. The surface temperature of the synthetic grass blades has been
recorded upwards of 150 degrees on sunny days. However, in temperatures recorded at 5
feet above the surface is dramatically lower and in some cases shows little difference in
temperature.”” Also, athletic fields consist of a large expanse of unshaded open space.
Landscaping includes smaller patches of artificial grass shaded by trees and buildings
which will reduce temperatures.
Summary

Other cities have found artificial turf to be a beneficial part of their landscape
encouraging it with rebates and laws and using it in city parks and building landscaping.

California even passed a law banning Home Owner’s Associations from prohibiting the

use of artificial turf in landscaping.®® It was recently vetoed by the governor who said the

'7 Chemicals and particulates in the air above the new generation of artificial turf playing ficlds, and
artificial turf as a risk factor for infection by methicillin-resistant Staphgylococcus areus (MRSA)
Literature review and data gap idenfication, Office of Environmental Health Hazard Assessment, California
Environmental Protection Agency, July 2009,

'¥ Review of the Impacts of Crumb Rubber in Artificial Turf Applications, Rachel Simon, University of
California, Berkeley, Laboratory for Manufacturing and Sustainability, College of Engineering & Manex
Consulting, February 2010.

19 Evaluation of the Environmental Effects of Synthetic Turf Athletic Fields, Milone & MacBroom,
December 2008.

2 See Cal. S.B. 759 (2011).



decision was better left up to the associations.”’ New York Parks and California utilities
have taken advantage of the benefits of artificial grass.

Use of artificial grass may provide a sustainable alternative to natural grass in
landscaping in Lawrence. Artificial turf reduces water use, pesticides, herbicides,
emissions, grass clipping waste. Lead use has been dramatically reduced through
industry efforts such as using organic pigmentation. There does not appear to be a clear
threat to human health through release of zinc or other chemicals though studies continue.
In addition, artificial turf can provide an attractive look as it is used for upscale homes,
building landscaping, and even Disney World.

Recommendation

In a study session to which USD #497 officials who have installed and used
artificial turf athletic fields would be invited, Lawrence can better determine whether to
permit artificial turf use in landscaping as most other communities have and as the local

school district has chosen for children to play on.

27 erry Brown vetoes artificial turf bill backed by conservationists, Capitol Alert, The Sacramento Bee,
July 15, 2011.
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NEWS from CPSC

U.S. Consumer Product Safety Commission

Office of Information and Public Affairs

b g e e I

FOR IMMEDIATE RELEASE CPSC Hotline: (800) 638-2772
July 30, 2008 CPSC Media Contacts: (301) 504-7908

Release #08-348

Washington, DC 20207

CPSC Staff Finds Synthetic Turf Fields OK to Install, OK to
Play On

WASHINGTON, D.C. - The U.S. Consumer Product Safety Commission (CPSC) staff today released its
evaluation of various synthetic athletic fields. The evaluation concludes that young children are not at risk from
exposure to lead in these fields.

CPSC staff evaluation showed that newer fields had no lead or generally had the lowest lead levels. Although
small amounts of lead were detected on the surface of some older fields, none of these tested fields released

amounts of lead that would be harmful to children.

Lead is present in the pigments of some synthetic turf products to give the turf its various colors. Staff recognizes
that some conditions such as age, weathering, exposure to sunlight, and wear and tear might change the amount
of lead that could be released from the turf. As turf is used during athletics or play and exposed over time to
sunlight, heat and other weather conditions, the surface of the turf may start to become worn and small particles
of the lead-containing synthetic grass fibers might be released. The staff considered in the evaluation that
particles on a child’s hand transferred to his/her mouth would be the most likely route of exposure and determined
young children would not be at risk.

Although this evaluation found no harmful lead levels, CPSC staff is asking that voluntary standards be developed
for synthetic turf to preclude the use of lead in future products. This action is being taken proactively to address
any future production of synthetic turf and to set a standard for any new entrants to the market to follow.

As an overall guideline, CPSC staff recommends young children wash their hands after playing outside,
especially before eating.

A Video News Release will feature b-roll of synthetic turf in use, on-site and laboratory testing, and soundbites in
English and Spanish.

Video Feed Satellite Coordinates

Wednesday, July 30, 2008
2:30 PM - 3:00PM ET
Galaxy 25

Transponder 13

C-Band

Downlink Freq: 3960V

Thursday, July 31, 2008
10:30 AM = 11:00AM ET

http://www.cpsc.gov/cpscpub/prerel/prhtml08/08348 html 7/30/2008
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Galaxy 3
Transponder 21
C-Band

Downlink Freq: 4120H

For Technical Information, DURING FEED ONLY, contact Daniel Conboy at (800) 920-6397 x 221.

the public from unreasonable risks of serious injury or death from more than 15,000 types of consumer products
under the agency's jurisdiction. Deaths, injuries and property damage from consumer product incidents cost the
nation more than $800 billion annually. The CPSC is committed to protecting consumers and families from
products that pose a fire, electrical, chemical, or mechanical hazard. The CPSC's work to ensure the safety of
consumer products - such as toys, cribs, power tools, cigarette lighters, and household chemicals - contributed
significantly to the decline in the rate of deaths and injuries associated with consumer products over the past 30
years.

To report a dangerous product or a product-related injury, call CPSC's hotline at (800) 638-2772 or CPSC's
teletypewriter at (800) 638-8270, or visit CPSC's web site at www.cpsc.gov/talk.html. To join a CPSC email
subscription list, please go to https://www.cpsc.gov/cpsclist.aspx. Consumers can obtain this release and recall
information at CPSC's Web site at wyaw.inse. gav.

http://www.cpsc.gov/cpscpub/prerel/prhtml08/08348.himl 7/30/2008



EPA: United States Environmental Protection Agency

Limited EPA Study Finds Low Level of Concern in Samples
of Recycled Tires from Ballfield and Playground Surfaces

Release date: 12/10/2009

Contact Information: Dale Kemery kemery.dale@epa.gov 202-564-7839 202-564-4355

FOR IMMEDIATE RELEASE
December 10, 2009

WASHINGTON - The U.S. Environmental Protection Agency has released results of a
limited field monitoring study of artificial-turf playing fields and playgrounds constructed
with recycled tire material or tire crumb. The study was intended to gain experience
conducting field monitoring of recreational surfaces that contain tire crumb. EPA will use
the information to help determine possible next steps to address questions regarding
the safety of tire crumb infill in recreational fields.

“The limited data EPA collected during this study, which do not point to a concern,
represent an important addition to the information gathered by various government
agencies,” said Peter Grevatt, director of EPA's Office of Children's Health Protection.
“The study will help set the stage for a meeting this spring, where EPA will bring
together officials from states and federal agencies to evaluate the existing body of
science on this topic and determine what additional steps should be taken to ensure the
safety of kids who play on these surfaces.”

Recycled tire material, or "tire crumb,” is used in many applications, including as a
component in synthetic turf fields and playground installations. In response to concerns
raised by the public, EPA conducted a limited “scoping study” of tire crumb, which
consisted of collecting air and wipe samples at three locations near EPA laboratories at
Raleigh, N.C., Athens, Ga., and Cincinnati, Ohio. Sampling also was conducted in the
Washington, D.C. area.

The limited study, conducted in August through October 2008, found that the
concentrations of materials that made up tire crumb were below levels considered
harmful. However, given the limited nature of the study (limited number of constituents
monitored, sample sites, and samples taken at each site) and the wide diversity of tire
crumb material, it is not possible, without additional data, to extend the results beyond
the four study sites to reach more comprehensive conclusions.

The study confirmed that most of the methods tested were accurate, reproducible and

appropriate for measuring concentrations of tire crumb constituents and therefore can
be used in future studies.

nttp://yosemite.epa.qoviopal/adimpress.nsfiPress%20Releases%20By%20DatelOpenView 12/10/09




Study findings

« Particulate matter, metals and volatile organic compound concentrations were
measured in the air samples and compared with areas away from the turf fields
(background levels). The levels found in air samples from the artificial turf were
similar to background levels.

« No tire-related fibers were observed in the air samples.

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

« More than 90 percent of the lead in the tire crumb material was tightly bound and
unavailable for absorption by users of the turf fields.

« Zinc, which is a known additive in tires, was found in tire crumb samples.
However, air and surface wipe monitoring levels of zinc were found to be below
levels of concern.

EPA is aware that studies by other agencies were undertaken or completed while this
survey was under way. EPA is planning a 2010 meeting with federal and state agencies
to review all new study data and determine next steps.

Read the full 123 page report: hitp://www.epa.gov/nerl/documents/tire _crumbs.pdf

More information on artificial turf: http://www.epa.gov/nerl/features/iire crumbs.himl

http://yosemite.epa.qoviopaladmoress.nsf/Press%20Releases% 20By%20Date! OpenView 12/10/09
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Related Links

STC's Voluntary Commitment

e Guidelines and Professional

Throughout the years, the synthetic turf industry has developed and tested new pigment formulations to Standards

enable the removal of all or most of the lead from over 90% of the pigments used to color synthetic turf. » Technical Guidelines

Now the STC plans to reduce lead levels in the remaining 10% of all colored fibers that still require lead * S

chromate to meet the consumer’s demand for longterm colorfastness. » Voluntary Lead Standards
s Business Conduct and

The STC voluntarily agrees to comply with the revised lead restrictions currently proposed for children's Ethical Standards
products in H.R. 4040. Specifically, the level of lead will be reduced in all pigments used to color synthetic
turfto 300 ppm or less by no later than January 1, 2010, and to 100 ppm or less by no later than January

1,2012.
N connectin .
navigation g location contactus
leaders
Join STC Today Newsroom About Us . 400 Galleria Parkway, Ste. Phone: (678) 385-6720
T . Linked 1500
STC Certification About Synthetic Turf Calendar Atlanta. GA 30339 Fax: (678) 385-6501
Volunteer Guidelines & Professional Members Google Map / Download o : ;
Opportunities Standards Only. Directions, Email: office@synthetictuteouncil.org

© 2011 Synthetic Turf Council. All rights reserved. Legal Policy | Contact Us
Powered by Affiniscape - Web Content and Association Membership Management
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Manex and UC Berkeley lssue Study on Regycled Rubberin
Artificial Turf Applications

Review of studies from past 12 years combined with independent analysis yields most comprehensive report to date.

SAN RAMON, CA — April 5, 2010 -- The Corporation for Manufacturing Excellence (Manex) and the Laboratory far
Manufacturing and Sustainability (LMAS) at the University of California, Berkeley, have released the results of their study on
the impact, effectiveness, and safety of recycled tire crumb in artificial turf applications.

The Manex/UC Berkeley study reviews the benefits of recycled crumb rubber in artificial turf applications, providing insight foi
the material's growth in popularity and addressing common issues surrounding its efficacy and safety. The research also
analyzes the primary features, economic benefits and other advantages that have led to the widespread expansion and
adoption of artificial turf using recycled crumb rubber infill.

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. Reasons for the
dramatic growth in popularity of this material include excellent playability, all-weather availability, increased playing hours,
significantly reduced maintenance, cost-effective investment, safe application, fewer injuries and positive environmental
impacts, through the creative re-use of materials.

Jonathan Lee, Vice President at Manex adds perspective to misconceptions about crumb rubber. “Prior studies have been
limited in scope, often assessing artificial turf and crumb rubber in and of themselves rather than in comparison to their real-
world substitutes. Instead of focusing entirely on the potential hazards, these materials should be compared against the
popular alternative, such as natural turf, for a balanced perspective. For example, even natural turf is not necessarily a
benign or sterile material, and may contain chemicals, peslicides, chemical and organic fertilizer (such as manure) and other
potential hazards. Grass fields are almost always maintained using equipment that generates pollution. In other words,
artificial turf containing recycled crumb rubber is quite safe and cost-effective when compared to natural turf alternatives.”

According to Rachel Simon of UC Berkeley who led the study for LMAS, "People tend to think that products more closely
derived from nature are safer and better for the environment than those that are synthetic based. However, in many cases
synthetic materials perform better than their 'more natural’ counterparts across the various metrics used in evaluations. This
has been shown to be the case with artificial turf, which offers several distinct advantages over grass, while using materials
that are already prevalent in peoples’ lives, such as recycled tires.”

As part of this study, independent product test results were obtained and reviewed for crumb rubber produced by BAS
Recycling of Moreno Valley, CA, a high-volume producer of cryogenic crumb rubber for synthetic turf. The test results
confirmed that crumb rubber is safe for use in sports and athletic field environments.

About Manex

Founded in 1995, The Corporation for Manufacturing Excellence (Manex) provides a broad array of proven advisory and
implementation solutions exclusively to manufacturers, distributors and their supply chains, enabling them to increase
growth, productivity, quality and profitability. Manex delivers high-impact solutions in four key areas: strategy, people,
process and performance. Meaningful, rapid impact and ROI are achieved through a modular-yet-holistic approach
encompassing corporate strategy and planning, markeling strategy, training and development, Lean Manufacturing, supply
chain and logistics, Six Sigma, ISO, and performance management systems. Manex is the Northern California affiliate of the
NIST Manufacturing Extension Partnership.

For more information about Manex, visit www.nianexconsulling. coni.

About UC Berkeley’s Laboratory for Manufacturing and Sustainability (LMAS)

Research at LMAS is concerned with the analysis and improvement of manufacturing processes, systems and enterprises
and the development of tools to analyze their sustainability. Research is focused on: metrics and analytical tools for
assessing the impact of processes, systems and enterprises, modeling sustainable, environmentally-conscious

http://www.manexconsulting.com/?PagelD=268 5/21/2010
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manufacturing processes andsystems, green supply chains, manufacturing technology for reduced impact manufacturing,
technology for producing advanced energy sources or storage, cleantech and sustainable products and systems. Specific
projects include: design for sustainability, green machine tools, sustainable packaging, impact and life cycle assessment
tools for manufacturing (including embedded energy, materials, water, consumables), metrics for assessing green
technolagy ROI! (e.g. GHG ROI, Energy payback time, etc.), risk assessment for energy and resource use and enterprise
carbon accounting.

For more information about UC Berkeley and LMAS, visit hiip:/fima. berkeley. edu.

Call 1-877-33-MANEX. Copyright ©2010 Manex, Inc. All Rights Reserved.
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About The Corporation for Manufacturing Excellence (Manex)

Founded in 1995, The Corporation for Manufacturing Excellence (Manex) provides a broad array of
proven advisory and implementation solutions exclusively to manufacturers, distributors and their supply
chains, enabling them to increase growth, productivity, quality and profitability. Manex delivers high-
impact solutions in four key areas: strategy, people, process and performance. Meaningful, rapid impact
and ROl are achieved through a modular-yet-holistic approach encompassing corporate strategy and
planning, innovation, marketing strategy, training and development, lean manufacturing, supply chain
and logistics, Six Sigma, ISO and performance management systems.

Manex is a public-private partnership and the Northern California affiliate of the National Institute of
Standards and Technology (NIST) Manufacturing Extension Partnership (MEP) program. We work in
concert with MEP to solve industry challenges by advancing best practices in manufacturing strategy,
innovation, operations, methods and processes.

For more information about Manex, visit www.manexconsulting.com

About UC Berkeley’s Laboratory for Manufacturing and Sustainability (LMAS)

Research at LMAS is concerned with the analysis and improvement of manufacturing processes,
systems and enterprises and the development of tools to analyze their sustainability. Research is
focused on: metrics and analytical tools for assessing the impact of processes, systems and enterprises,
modeling sustainable, environmentally-conscious manufacturing processes and systems, green supply
chains, manufacturing technology for reduced impact manufacturing, technology for producing advanced
energy sources or storage, cleantech and sustainable products and systems. Specific projects include:
design for sustainability, green machine tools, sustainable packaging, impact and life cycle assessment
tools for manufacturing (including embedded energy, materials, water, consumables), metrics for
assessing green technology ROl (e.g. GHG RO, Energy payback time, etc.), risk assessment for energy
and resource use and enterprise carbon accounting.

For more information about UC Berkeley and LMAS, visit http:/Ima.berkeley.edu
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Disclaimers

This report is provided for informational purposes only. Although The Corporation for Manufactuwring Excellence
(Manex), the University of California at Berkeley (UC Berkeley) and the Laboratory for Manufacturing and
Sustainability (LMAS) at UC Berkeley strive to be accurate and complete, the information in this repart is provided
withowt liability for errors. This report is provided “as is™ and without warranties of any kind. including, without

limitation, implied warranties of accuracy, completeness, or fitness for a particular purpose.

Prior existing research and references to test results contained in this report may be for a specific product at a
specific point in time and are the responsibility of their respective authors. Manex, UCB and LMAS believe that
information in this report comes from accurate and reliable sowrces. However, the reader/user acknowledges that
Manex, UCB and LMAS do not guarantee or warrant that the information provided is accurate, exhaustive or
complete. This report contains references to third-party resources, reports, studies and findings, and the
reader/user acknowledges and agrees that Manex, UCB and LMAS do not endorse, support, or guarantee these
third-party materials, and Manex, UCB and LMAS expressly disclaim all liability regarding the availability,
accuracy, quality, or truthfilness of all content and material from third-party resources. Manex, UCB and LMAS
assume no responsibility for material created or published by third parties linked to this report with or without the
knowledge of Manex, UCB and LMAS.

By requesting and/or accepting a copy of this report, the reader/user agrees to indemnify and hold harmless
Manex, UCB and LMAS at UC Berkeley from and against any claims, actions or demands of any type arising from

or in connection with the use of information in this report.

Copyright © 2010 by Manex, UCB and LMAS.
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EXECUTIVE SUMMARY

There are many characteristics of infill systems that have lead to resurgence in the popularity of
synthetic turf. The industry has been experiencing a period of growth with the development of
crumb rubber infill system, which initially debuted in 1997. These systems are preferable to the
carpet-like turf of the past because they more closely resemble natural grass.

Crumb from used tires have been used in artificial turf fields for over a decade, and even longer
in playgrounds and tracks. The EPA’s view is that scrap tires are not hazardous waste and
approves the use of crumb from used tires for sports fields. Recycled tires that were used in this
capacity prevented an estimated 300 million pounds of ground rubber from scrap tires from
ending up in landfills in 2007 (Rubber Manufacturers Association, 2009). In addition, this
application uses recycled material; scrap tires, which otherwise would have to be handled as
waste. It typically takes between 20,000 and 40,000 scrap tires to produce enough infill to
cover a football field (City of Portland, 2008). The EPA’s decree has afforded the opportunity
for 4.5% of U.S. scrap tire to be applied as crumb rubber in sports surfacing in 2007 (Rubber
Manufacturers Association, 2009).

The Corporation for Manufacturing Excellence (Manex), a National Institute of Standards and
Technology Manufacturing Extension Partnership (NIST MEP), in collaboration with the
Laboratory of Manufacturing and Sustainability (LMAS) at the University of California,
Berkeley have studied the benefits of crumb rubber in artificial turf applications, and provide
research and insight as to why this material has grown in popularity. This analysis will also
mclude the primary features, economic benefits and other advantages that have led to the
widespread expansion and adoption of artificial turf that includes the crumb rubber.

Playability is one of the primary benefits of synthetic turf, with the newer generation of infill
systems exhibiting improved playability over traditional synthetic varicties. The play quality of
a field is most impacted by aspects of construction and maintenance. Irrespective of the field
type, the quality of play can vary dramatically according to factors such as: moisture, hardness,
grass cover and root density (Orchard, 2002), naps in the turf, the distribution and compaction
of infill, and infill depth (James and McLeod, 2008). Most literature comparing the play quality
of natural and synthetic fields suggests that the differences between them have miniscule affects
on playability in comparison with variance in the set-up of the field itself. Where differences do
emerge, data is out of date and not applicable to current generations of turf technology:.

Research indicates that artificial turf provides a greater number of playable hours than natural
turf. Studies suggest that average hours of playability in a three-season year for synthetic turfs
range between 2,000 and 3,000 hours, with most research pointing towards 3,000 hours.
Natural fields, on the other hand, provide far less playability, with studies estimating a range
between 300 and 816 hours in a three-season year on average. Studies show, furthermore, that
switching from natural to synthetic turf results in a drastic increase of play-time. This is due, in
part, to the vulnerability of natural fields to fluctuations in weather. In addition, natural fields
require rest, with managers recommending against using fields more than 20-24 hours a week.
Natural fields are also vulnerable to poor management, which can detract significantly from
use-time.
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Synthetic turf is praised for its availability in all weather conditions: more use per year, and a
quick install. This factor influenced the amount of use that can be had on the turf, and thus the
payback on investment on the turf. It can be used quickly after installation, usually within a few
days, rather than the weeks it takes for a sod to become robust enough for use. Also, it can be
used in snow, and in general is not affected by precipitation due to the drainage system
involved. However, high heat can create an obstacle for synthetic turf use, as the surface can
become uncomfortable to play on. It has been shown that the difference between turf
temperatures and the surrounding air can be significant. However, there are means to temper
such effects, and the field can still be made useable. Also, the use of turfs are not typically
greatest during the hottest parts of the year, as sports seasons typically fall in the late summer
through the spring. These impairments do not compare to the degree to which natural fields are
compromised during rain and snow. With all weather considered, artificial turf has greater
availability over natural grass when taking weather into account.

The value of a field can be determined by its availability and by amount of maintenance a field
requires. The Sports Turf Managers Association (2005) states that these costs depend on: the
amount of use; the type of use (i.e. sports played); climate and weather; existing soil and terrain,
irrigation and water needs; labor; field type; and field security (protection against vandalism,
non-regulated play, etc.). Activities that can be classified as grooming are the most important
components of maintenance for both turf types. In addition, debris control, additional cleaning,
and needs-specific maintenance may be required. A brief review of suggested maintenance
practices produced a list of over 22 possible pieces of equipment, and 8 possible supplies for
field maintenance. In general the maintenance that is necessary for a synthetic field has a
similar maintenance requirement on a natural field. However, natural fields require a more
nuanced balance of activities such as mowing, fertilization, and aeration to ensure their health.

One of the primary concerns for organizations considering the implementation of synthetic turf
is whether it poses any significant health or injury risks. 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 (Fuller et al. 2007a, 2007b). A more recent study by Meyers
(2010) shows that the latest generation of synthetic surface, FieldTurf, is safer to play on than
natural grass fields. Through the analysis of the various injuries that occurred over the course
of 465 collegiate games, Meyers shows that FieldTurf has lower incidence of: total injuries,
minor injuries (0-6 days lost), substantial injuries (7-21days lost), and severe injuries (22 or
more days lost). FieldTurf also had significantly lower injury rates that natural turf when
comparing across play or event type, grade of injury, or various field conditions and
temperatures. In addition, there was no significant difference found in head, knee, or shoulder
trauma between the two playing surfaces. Meyers’ (2010) research is the most comprehensive
study to date, and 1t addresses previous inconsistencies in findings on injury patterns.

The use of athletic fields made of recycled tires has also been called into question because of
concerns regarding toxicity. Authorities are worried that because of the chemical content of the
material, exposure by various means could endanger the health of field users, especially
children. However, extensive research has pointed to the conclusion that these fields result in
little, if any, exposure to toxic substances.

s s T T O O e e e e P T B S S R e e e e e o e e i P e S P e s et
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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 a safe, cost-effective, and
responsible use for tire rubber. As part of this study, independent product test results were
obtained and reviewed for crumb rubber produced by BAS Recycling of Moreno Valley, CA, a
high volume producer of cryogenic crumb rubber for synthetic turf. Test results confirm that
crumb rubber is safe foruse in sports and athletic field environments.

- -In general, the environmental impacts of natural grass are more complex than those of synthetic
“ turf. This is due in large part to the fact that natural grass requires the continual addition of
inputs to sustain a field’s health. As with any agricultural practice, draws on water and the
addition of agrochemicals can become problematic. These practices draw on scarce resources
and have-the potential to effect surrounding ecosystems. Additionally, the maintenance of grass
is associated with the use of large quantities of fuel, to mow grass down to the appropriate
length. The Aﬂicna Institute sufficiently shows the weight of these impacts in regards to global
warming. However it is recommended that a more comprehensive inclusion of material inputs
into gfass maintenance be calculated in any future life cycle assessments.

The environmental issues related to synthetic turf mainly revolve around the use and disposal of
materials. Many see the use of recycled waste products for field infill as one of the primary
benefits of artificial systems. However, such systems also require the use of many virgin
materials. As such, the greatest greenhouse gas emissions of either two system types are the
impacts associated with the production of synthetic turf components. These material impacts
increase the total emissions by a multiplicative factor when considering the entire life cycle, due
to related increases in processing and transportation needs.

1.0 INTRODUCTION

1.1 Background-

- Growth in the popularity of synthetic turf has been followed by increased scrutiny of its usage.
The mdustry has been experiencing a period of growth with the development of crumb rubber
infill system, which initially debuted in 1997. These systems are preferable to the carpet-like
turf of the past because they more closely resemble natural grass. They consist of longer
simulated grass blades that do not compact because of the infill material that supports it. As of
2008 over 3,500 new-generation synthetic turf fields had been implemented (Jackson, 2008). In
addition over half of all NFL teams currently play on synthetic turf (Synthetic Turf Council,

2008a).

There are many characteristics of infill systems that have lead to resurgence in the popularity of
synthetic turf. First, it is believed that infill systems perform better than traditional synthetic
turf for athletic applications (Popke, 2002). Also, artificial turf is available year around and
requires less monetary and natural resources than natural grass.
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Crumb from used tires have been used in artificial turf fields for over a decade, and even longer
in playgrounds and tracks. The EPA’s view is that scrap tires are not hazardous waste and
approves the use of crumb from used tires for sports fields. Recycled tires that were used in this
capacity prevented an estimated 300 million pounds of ground rubber from scrap tires from
ending up in landfills in 2007 (Rubber Manufacturers Association, 2009). In addition this
application uses recycled material: scrap tires, which otherwise would have to be handled as
waste. It typically takes between 20,000 and 40,000 scrap tires to produce enough infill to
cover a football field (City of Portland, 2008). The EPA’s decree has afforded the opportunity
for 4.5% of U.S. scrap tire to be applied as crumb rubber in sports surfacing in 2007 (Rubber
Manufacturers Association, 2009).

1.2 Objectives

The Corporation for Manufacturing Excellence (Manex) in collaboration with the Laboratory of
Manufacturing and Sustainability (LMAS) at the University of California, Berkeley has been
enlisted to study the benefits of crumb rubber in artificial turf applications, and provide research
and insight as to why this material has grown in popularity. This analysis will also include the
primary features, economic benefits and other advantages that have led to the widespread
expansion and adoption of artificial turf that includes the crumb rubber.

1.3 Scope of Work

This study identitfied and assessed existing research on the benefits, advantages and safety
concerns of crumb rubber. A sample from a California scrap tire recycler was also assessed to
support and confirm key conclusions. Material was provided from a leading cryogenic crumb
rubber producer, BAS Recycling, primarily for the purpose of reviewing and assessing safety
concerns. Test results from an independent lab were obtained, and then reviewed, against some
of the key health concerns regarding contamination. The research provided by Berkeley sought
to confirm or mvalidate the following findings from existing research/studies:

e Excellent Playability — synthetic turf does not inhibit or deflect the bounce or roll of
balls. Traction, rotation and slip resistance, surface abrasion and stability meet the
rigorous requirements of the most respected sports leagues and federations.

o  All-weather Availability — synthetic turf can be used within hours of installation, in all
types of weather. No significant downtime 1s required in case of rain, drought or other
climate conditions. Increased availability equates to higher return on investment for
owners, and more practice and skill development for players. Additional questions to be
answered are: whether artificial turf can be utilized more per year without the rest that
grass fields require, and what the maximum hour of playing time is for the two field
types.

e Increased Playing Hours — in most climates, synthetic turf fields can be used 3,000
hours per year over a four-season window, with no damage to the turf. Natural turf
fields become unplayable after 680 to 816 hours per year, and are typically available
only for three secasons.
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e Reduced Maintenance — natural turf fields require approximately 70,000 gallons of
irrigation water each week, approximately 15 to 20 pounds of fertilizer each year per
1,000 square feet of turf, plus herbicides and pesticides. Synthetic turf maintenance
costs are two to three times less than natural turf. No mowing, irrigation or chemicals
are required.

e Cost-effective Investment — synthetic turf fields are typically warranted for about 3,000
hours of play per year, with no “rest” required. For schools with sufficient land, it
would take three or four natural fields to withstand the usage of one synthetic turf field.
Because of its consistent availability, a synthetic turf field is also a reliable source of
rental revenue for schools and communities. In addition, the total cost of ownership for
fields will be explored, including all of the maintenance resources (water, fertilizer,
pesticides, labor, and equipment) needed to upkeep a field.

e Generally Safe Application — for most common and typical uses, the materials (e.g.
crumb rubber) is a safe alternative to natural materials and landscaping. While the
general public is exposed to articles suggesting the need to further assess the material,
no conclusive study has proven these materials as unhealthy, nor have high incidences of
physical harm occurred from approved and proper uses. 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.

e Fewer Injuries — synthetic turf fields are far more uniform and consistent than the
natural turf fields most schools and communities are able to maintain. Also, they are
made of resilient materials that provide a level of impact attenuation that is difficult to
obtain on hard, over-used natural turf fields. An NCAA study comparing injury rates
during the 2003-2004 academic year showed that the injury rate during practice was
4.4% on natural turf and 3.5% on synthetic turf.

e Environmentally Friendly — using synthetic turf eliminates the need for water,
pesticides, herbicides and fertilizers. The used auto tire rubber used as infill recycles 25
million used auto tires per year that would otherwise end up in U.S. landfills. The EPA
encourages the use of recycled auto tires for playgrounds, running tracks and sports
fields.

2.0 IMPACT ANALYSIS

2.1 Playability

Playability is one of the primary benefits of synthetic turf, with the newer generation of infill
systems exhibiting improved playability over traditional synthetic varieties. Research suggests
that the play quality of any particular field is determined more by how the field is constructed
and maintained than by the type of field material that is used. Factors such as moisture, soil
compactness, and root or infill density can cause wide variance in play quality, playing a greater
role in determining quality than the type of field. Components of qualitative play factors can be
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organized into ball-surface interactions and player-surface interactions. (Bell, Baker, and
Canaway, 1985; Schmidt, 1999)

A surface can decrease play performance and prevent players from achieving their objectives.
Pasanen et al. (2007a) note that there are two factors that influence surface-related injuries:
shoe-surface friction and surface hardness. Schmidt (1999) also includes surface evenness as a
factor affecting player-surface quality.

Friction can impact play by leading to slippage, foot fixation, and increased running speeds
resulting in collisions and ankle and knee injuries. Surface friction depends on multiple factors.
Orchard (2002) notes that moisture, hardness, grass cover, and root density are turf properties
that influence shoe-surface traction. Existing research comparing the rate of surface traction
injuries on synthetic and natural fields is outdated, as it considers previous generations of
synthetic turf rather than the current infill systems. For instance, Powell and Schootman (1992)
compare injury rates of natural and synthetic fields from 1980-1989, and Orchard and Powell
(2003) consider rates from 1989-1998. These studies predate the newer generation of turf,
which was first implemented in 1997. In addition evaluations that attempt to compare field
types may be difficult, as it has been shown other factors, such as weather, affect injury rates
(Orchard and Powell, 2003). Findings such as these support the notion that shoe-surface
traction 1mpacts injury rates and play in general, but there 1s not sufficient evidence evaluating
the affects of traction in the newer generations of synthetic turf.

Similarly, surface hardness can affect player-surface interactions. Ground reaction force is the
impact energy caused by an athlete’s foot striking the playing surface. This force has been
cited as a risk factor in causing acute and long-term injuries (Boden et al., 2000; Chappell et al.,
2007; LaStayo et al., 2003). Surface hardness is one measure used to assess the ability of the
surface to absorb foot striking impacts. Brosnan and MecNitt (2008a, 2008b) note that natural
and synthetic turfs have comparable surface hardness values. For natural surfaces, hardness is
related to the amount of soil moisture, while for infilled synthetic surfaces, infill depth is a
major factor in determining surface hardness. Synthetic turf tends to provide a fairly consistent
playing surface. This is partially because surfaces are leveled before the application of synthetic
turf. Furthermore, synthetic surfaces are less vulnerable than natural turf to play-related damage
such as divots. While factors such as the distribution of infill can impact the uniformity of
synthetic fields, synthetic turfs tend to be more even throughout.

Several aspects of ball-surface interactions have been identified for evaluating play quality.
Schmidt (1999) cites rebound, spin, and roll as the principle characteristics of ball-surface
interaction. Meanwhile, James and McLeod (2008) list roll, bounce, spin, and deceleration as
mmportant measures of playability. Holms and Bell (1986) note the interrelationship between
eleven factors on play characteristics such as rebound resilience, traction, and deceleration for

natural fields.

The play quality of a field is most impacted by aspects of construction and maintenance.
Irrespective of the field type, the quality of play can vary dramatically according to factors such
as: moisture, hardness, grass cover and root density (Orchard, 2002), naps in the turf, the
distribution and compaction of infill, and infill depth (James and McLeod, 2008). Most
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literature comparing the play quality of natural and synthetic fields suggest that the differences
between them have miniscule affects on playability in comparison with variance in the set-up of
the field itself. Where differences do emerge, artificial turf appears to be equal to or better than
natural turf, due to its greater consistency. While such findings are incomplete, because of the
lack of studies that evaluate the newer generations of turf technology, there were no studies that
contradicted the superiority of synthetic turf.

2.2 All-weather Availability

Playability can also be evaluated according to its availability to users. Maintenance, weather,
and resting periods are all factors influencing the amount of time that can be spent on a field. In
addition, use-time plays a role in evaluating its value and the return on investment for owners.
Synthetic turf has been praised for its superior availability to natural turf, their quick
installation, and accessibility in all climates and weather types.

Synthetic turf can be installed quickly and is usable within hours of installation. Several
professional installers quote an installation time of about two to three days, a time that can be
significantly longer if the field is initially in poor condition (e.g. requires the removal of a
considerable portion of the existing field). The European Synthetic Turf Organization (2010)
estimates that an installations can take as long as two to three weeks. Yet once a synthetic field
is installed, it can be used almost immediately, unlike sod fields, which can take up to a month
to be fully functional, and seeded fields, which take considerably longer to become fully rooted.

Additionally, synthetic turf can be used in almost any climate and weather, while natural turf is
more limited. Natural turf has reduced availability during rain or snow, and precipitation can
cause grass turfs to become soggy or muddy. Meanwhile, snow can be difficult to remove from
these fields, and may permanently damages grasses. Comparatively, winter weather conditions
and precipitation are not harmful to synthetic surfaces, and if necessary snow and ice can be
removed for play.

However, the playability of synthetic turfs may be hampered by hot weather conditions. The
New York City Department of Health and Mental Hygiene (2010) reports that synthetic turf
fields may become too hot to play on when temperatures are high. The material in synthetic turf
absorbs heat, resulting in surface temperatures that are greater than surrounding air and other
surfaces. However, these affects can be mitigated. Williams and Pulley (2002) found that
increases in surface temperature were more impacted by solar radiation than ambient
temperatures. As a result, surfaces can be made cooler when they receive less direct light
exposure, like when they are painted lighter colors or are shaded. Temperature increases can
also be assuaged by irrigation. Yet these solutions do not entirely mitigate hot temperatures.
The difference between turf temperatures and the surrounding air can be significant. In one
study, Brakeman (2004) found turf temperatures to be over 100 degrees hotter than surrounding
air temperatures. In another, Williams and Pulley (2002) found synthetic surface temperatures
as high as 200 degrees. Cooling effects have brief results (Williams and Pulley, 2002; McNitt,
Petrunak, and Serensits, 2008) and can result in a large increase in resource use and costs.

While high heat can create an obstacle for synthetic turf use, there are means to temper such
effects. Also, use of turfs are not typically greatest during the hottest parts of the year, as sports
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seasons typically fall in the late summer through the spring. These impairments do not compare
to the degree to which natural fields are compromised during rain and snow. With all weather
considered, artificial turf has greater availability over natural grass when taking weather into
account.

2.3 Increased Playing Hours

Artificial turf provides a greater number of playable hours than natural turf. The Synthetic Turf
Council (2008), an artificial turf advocacy group, estimates that natural fields provide 680-816
hours of play in a three-season year, as compared with 3,000 hours for synthetic turf. Kay and
Vamplew (2006) offer an alternative estimate with approximately 300 hours of play time for
natural grass, 800 for reinforced turf, and 3,000 for artificial turf. James and McLeod (2008)
calculate the usable hours of synthetic turf to be closer to 2,000 hours per year on average, with
a range from 450 to 4,200 hours. They also note that the typical weekly hours of use for
synthetic turf pitches were 44 hours, as compared to 4.1 hours for natural turf. In direct
applications of synthetic turf, many note a measured increase in use-time of these field types.
For instance, with a switch from natural to synthetic turf, the City of Newport Beach (2009)
found a 49% increase in field availability, and the Charlottesville City Schools reported a 60%

increase in available playing time.

Weather is an important factor in use-times for natural turf. While artificial turf fields recover
quickly after precipitation, natural fields may take days before they become playable again.
Weather-related losses in use-time can be considerable. Even in the relatively temperate
climate of Newport Beach (2009), Recreation and Senior Services Department staff estimates
that fields are unavailable an average of ten days a year because of rain. In addition to weather-
related use-time loss, all natural fields must be given time to “rest” to allow for growth. The
Synthetic Turf Council (2008) states that the managers of natural fields recommend against the
use of natural fields beyond 20-24 hours per week, to avoid overburdening them. In addition,
poor management can impact the availability of fields. If elements such as drainage systems
and watering and maintenance schedules are improperly planned they can unnecessarily impede
on the use-time of fields.

2.4 Maintenance

The maintenance required, along with the number of playing hours a surface can provide, are
key factors in assessing the value that a certain turf type provides. Reduced maintenance is
often cited as one of the major benefits for synthetic turf. However, artificial turf does require a
minimum level of upkeep. The savings in maintenance are apparent when considering the
useful hours that are returned on the cost and time required for maintenance. One estimate for
an ideal level of maintenance for a synthetic field is one hour for each ten hours of use (James
and McLeod (2008)). Below is a comparison of the typical maintenance requirements and their
estimated durations for synthetic and natural turf.

The amount of maintenance that is needed for any field type can vary depending on a multitude
of factors. The Sports Turf Managers Association (2005) states that these costs depend on:
amount of use; type of use (i.e. sports played); climate and weather; existing soil and terrain;
irrigation and water needs; labor; field type; and field security (protection against vandalism,
non-regulated play, etc.). The proper upkeep of a field will ensure that it reaches its lifetime
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potential, thereby yielding a greater return on investment. Both natural and synthetic turfs
require a minimum level of upkeep to preserve surface quality. Activities that can be classified
as grooming are the most important components of maintenance for both turf types. In addition,
debris control, additional cleaning, and needs-specific maintenance may be required.

For synthetic fields, grooming is needed to maintain optimal play quality and proper
functionality. Grooming practices include upkeep of seams, fibers, infill, and the drainage
system. A broom or brush can be implemented to align the direction of fibers. Top dressing
equipment and spiking equipment are employed to re-dress, redistribute, and de-compact the
crumb rubber. Debris removal is also extremely important and should be done as quickly as
possible to prevent more complicated problems, such as blockages in the drainage system.
Sweepers, blowers, and vacuums are used to remove these materials. Additional cleaning steps
may be necessary to get rid of the contaminants that cannot easily be eliminated. Pressure
washing and spraying can flush the field or apply chemical agents and disinfectants. Also,
depending on the specific needs of a particular field, other maintenance and equipment may be
necessary. For instance, painters and scrubbers might be required to add and remove painted
lines for various sports. In more severe climates and weather, snow removal is done with a
plow. Imigation systems can be helpful in environments with high temperatures, or when
specified in warranty agreements. Additionally, any chemicals needed for the weed control,
cleaning, and static-minimization are applied through spraying equipment.

Maintenance for natural turfs is also primarily focused on grooming. Mowing, watering,
fertilizing, plant-protectant application, aeration, and irrigation should be carried out as
necessary to ensure the proper growth of grass. In addition, debris may need to be removed,
although the impact of debris is generally of less consequence than for artificial systems.
Again, much like synthetic turf, there may be special equipment required for the specifics use
needs of a field, such as painters, plows and sprayers.

An expanded list of possible maintenance requirements and their associated equipment has been
complied in Table | below. The information in this table has been collected from various
studies that discuss the possible maintenance entailed for a synthetic or natural turf system. For
the purpose of identification each reference was assigned a number, which is then listed in the
table when the reference suggests a specific type of mamtenance. Maintenance needs can be
categorized into seven types: general needs; debris removal, grooming, surface maintenance,
systems, turf restoration, and user specific needs. From these, 13 specific needs were identified,
with 22 pieces of associated equipment and 8 supplies. Additional maintenance factors that
were suggested for inclusion were labor, weeding, and seam repairs. We will assume that all
maintenance will require labor, and the differences in labor costs are included in Section 2.5.3,
Table 2.6. Weeding is an activity that has been suggested for synthetic turfs by the Turfgrass
Resource Center (2008) and Patton (2009). This activity does not need to be individually
considered, as it is covered by the inclusion of labor and hand tool equipment. Lastly, seam
repairs may be necessary, but are assumed to occur only a few times over the life span of a
synthetic turf. [f such repairs are necessary, it is assumed that they will be done by a contractor,
so as to not violate any warranty on the turf. These three aspects will not be considered for the

remainder of this section.
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Table 2.1: Equipment and Supplies Recommended for the Maintenance of Fields

References that
Recommend

Category | Purpose Maintenance Type Equipment & Supplies
Synthetic Natural
General Transport 13, 4,059 1,4,9 Equipment: tractor/utility cart for operating
equipment
Small Tasks 3,4 4 Equipment: assorted hand tools (i.e. rakes,
hammers, edger, etc)
Debris Clearing of 1,3.4,5,6,9 1,4% 9 Equipment: sweepers/blowers to remove surface
Removal Objects debris
1 4% 9 Equipment: vacuum to remove small items
59 Equipment: field magnet dragged to capture metal
objects
Cleaning/ 1* 3. 4% Equipment: pressure washers/flushing equipment
Clearing of remove unwanted fluids or contaminants
Contaminants 6,9 ) Supply: chemical disinfectants
Grooming | Grass & Fiber 1,2,3,4,5,6,9 |9 Equipment: broom, brush or tine dragged to
Blades upkeep realign fibers and to distribute the crumb rubber
5.9 9 Equipment: roller keep fibers from forming grain
1.4,9 Equipment: mower
Surface Soil/Infill 1%, 3% Equipment: spiking equipment: de-compaction,
Compaction, redistribution of crumb rubber
Reapplication 1,4,9 4% 9 Equipment: top dressing equipment: for crumb
& rubber loss
Redistribution | 6, 9 9 Supply: top dressing (additional crumb/sand)
Fertilizing 8,9 Equipment: seed/fertilizer spreader
1,4,9 Supply: fertilizer
Aecration 1* Equipment: de-thatching equipment
I*%,4%.9 Equipment: (deep tine) aerator
4% Equipment: core harvester: collect cores that are
pulled to the surface following aeration. can be
used to gather thatch, similar to a sweeper.
Protectant 1,4,5,9 1,4 Equipment: spraying equipment: for the
application application of weed control, pest control, cleaning
(Weeds, Static) agents, wetting agents to lessen the static charge to
aid in drainage.
9 Supply: pesticides
2,6 Supply: sprays to reduce static (fabric softener)
Systems Watering 1%, 4% 1*, 4% 9 | Equipment: irrigation system: for watering,
cooling, and warranty requirements
4% 4% Equipment: hoses/nozzles: small scale irrigation
(syringing)
79 9 Supply: water
Restoration | Lawn 1.+ Equipment: groove or slit seeder
Renovation 7 8,9 Supply: seeds/sod replacement
Needs Painting 1k 4% 59 1* 4% 9 Equipment: painters: adding lines
Specific: &9 8,9 Supply: paint
Weather, 4% Equipment: mechanical scrubbers: cleaning
Play Type painted lines on the synthetic turf.
Snow Removal | 3% 1%, 4* Equipment: special rubber blade snow plow

*Indicates the item was suggested as optional
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References for Table 2.1

1) Sports Turf Managers Association (2005)

2) Patton (2009)

3) FIFA (2001)

4) Sports Turf Managers Association (2006)

5) “Synthetic Turf Maintenance Equipment”™ (Brakeman 2005)

6) “2004-2005 Maintenance Budget Synthetic Infill Field” (Brakeman 2005)
7) Chirillo (2008)

8) New Yorkers for Parks (2006)

9) Turfgrass Resource Center. (2008)

The primary purpose of Table 2.1 is to show the breadth of equipment that has been suggested
for both field types. The inclusion of any item is not meant to suggest that it is a necessary item
for the maintenance of a field. The next section will be dedicated to identifying which of these
accessories are needed for the specific maintenance requirements of each field type. The
premises upon which an inventory of equipment and supplies will be created is that it should: 1)
be as comprehensive as possible; 2) identify items that are needed at a regular frequency;

3) identify items that are of environmental or financial consequence; 4) highlight the differences
in requirements between the two field types.

Without financial constraints, the accessories that can be purchased to care for a field are
virtually limitless. Therefore, some practicality must be employed to limit this analysis to the
items and practices that are required to secure the health of the field, and thereby increasing its
longevity. In addition, it is assumed that beyond what is identified, supplementary items will
be needed to deal with unforeseeable circumstances. However, these instances will not be
accounted for because they cannot be predicted to occur at any regular interval - or at all. Also,
precautions can often be taken by turf managers to help minimize the risks and impacts of such
occurrences that would require additional maintenance needs.

Table 2.2 below outlines the items deemed necessary for the maintenance for artificial and
natural turfs. Also included is a discussion of the rational for the inclusion of any given items.
Much of the equipment needed is necessary for both field types. Where differences in the
equipment needs do occur between the two fields, it is generally because natural grass requires
maintenance practices that artificial turfs do not (e.g. such as mowing, fertilization, and
aeration) to keep them healthy.
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Table 2.2: Equipment and Supplies Recommended for the Maintenance of Fields

Maintenance Equipment & Supplies

Synthetic

Natural

Discussion

Tractor/utility
cart

Assorted hand
tools

Broom, brush or
tine

Sweepers/blowers

Roller

I'op dressing

Spraying
equipment

Water

Irrigation system

Tractor/utility
cart

Assm-t_ed hil“l_l(l T
tools _

Sweepers/blowers

Mower

Top dressing

Fertilizer

Aerator

Spraying
equipment

Water

_Irng, ation system

Seed/sod

Paint

A tractor or utility vehicle is useful for maintenance, and is often
used as the primary machinery to which other equipment is
attached. B ]
Hand toolx are the eamest way to ensure quacL fixes to problelmtlc
spots in the field.
The 1eguldl draggmg of a synthetlc field is a l\ey to the
maintenance of its fibers. Similarly, drag brushes are useful to
evenly spread infill. Equipment, such as a brush, broom, or tine is
needed to carry out these tasks.
A sweeper or blower ensures the plD])Cl removal of debris for
optimal play quality. While the accumulation of organic debris is
more problematic on synthetic fields, inorganic debris is equally
problematic for both turf types. _
Frequent 1ollmg is recommended to keep synthcnc fibers from
standing up and forming a grain. - _
Blades of natural grass must be trimmed to ensure proper play
quality. A mower is a necessary piece of equipment to keep
blades at the appropriate length.
Top dressing for natural and synthetic fields is occasionally
necessary, as soil and infill can be lost or displaced. On natural
fields, topdressing promotes stronger root systems, a more
resilient surface, and improved playing surfaces. On synthetic
fields, infill and sand must be added when these materials get
displaced. S -
Fertilizer is applied to most natural fields to ensure the growth of a
robust and deep rooted field. .
It is recommended that a lawn be aerated once or twice a yeal
Aeration needs depend on the presence of problematic elements
(e.g. thatches), and the degree of soil compaction. )
Spraying equipment serves a very particular purpose (i.e. liquid
cannot be applied by hand with a shovel). Each field type requires
the application of numerous liquids. For natural tields it is used to
apply agrochemicals such as weed control and pest control. For
synthetic turf it is used for cleaning, wetting, and static control of
the surface. )
Water is necessary for the survival of natural turf.
synthetic turfs are often watered down to control temperatures,
lubricate the surface, and stabilize infill and reduce migration.
In order to apply water, a method of irrigation is necessary. )
One of the primary benefits of artificial turf is the mﬂequency
with which it must be replaced. Thus, to fully consider the
potential of artificial turf, the impacts of seed and sod replacement
should be taken into account. Many lawns will benefit from a
scattering of grass seed after top dressing and this will thicken the
grass for the next year creating a dense healthy green lawn.
For natural grass, field lines must be painted on. Also, these lines
must be re-paited after as the painted lines are grown out and
mowed away. For artificial fields, paint is used to make
temporary lines when the field is used for diverse purposes.
Permanent lines can be laid into the system, or can be painted on
with fairly infrequent re-application.

In ﬂdditiorni,'
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In considerations of turf maintenance, the majority of the equipment suggested by the various
authors was not deemed necessary for field maintenance or consequential to maintenance
evaluations. Several items were excluded because they are needed relatively infrequently or on
a circumstantial basis. For day to day upkeep, the needed equipment is fairly evident.
However, for items that might only be used on an occasional basis or that serve to alleviate the
build of long term problems, their necessity is highly subjective. Often, such items can be
rented, or a contractor can be hired to do the job that the equipment is meant to serve. As such,
the capital investment and storage required of these items may not be prudent. Examples of
equipment used fairly irregularly are: field magnet, vacuum, and pressure washers or flushing
equipment. Supplies that are used in small enough quantities in the long mn to render any
associated impacts negligible are: chemical disinfectants and liquids to minimize static on
artificial turf. Similarly, on natural fields, pesticides should only be applied when needed, and
are not recommend for application at regular intervals as a preventative measure. Bruneau et al.
(2001) of North Carolina State University’s Center for Turfgrass Environmental Research &
Education notes that when a field is properly maintained, insects are seldom a problem.

Some of the suggested items that were disregarded serve very real field needs. However, in
several cases, these needs can also be served by other equipment or additional labor. This is the
case for devices such as spiking equipment, a groove or silt seeder, a core harvester, top
dressing equipment, and a seed and fertilizer spreader. Other equipment is only needed in
certain circumstances, which may not necessarily occur for any given field. For example, the
need for painters, mechanical scrubbers, and rubber blades to plow snow and de-thatching
equipment will vary from field to field.

Supply Use Rates

Equipment that is needed for maintenance will only have to be purchased a few times over the
life time of a turf. On the other hand, supplies must be acquired at regular intervals. Quantities
and associated impacts for any given supply can vary greatly. For a true comparison of turf
requirements, the rate of use for each of these supplies will be evaluated below.

Fertilizer

Fertilizer requirements are determined primarily by the type of grass, climate conditions, and
the percentage of nitrogen that a fertilizer contains. There is a slight variation in the suggested
amounts of nitrogen per year. Multiple applications are usually necessary, as fertilizer can
damage a field if applied in quantities greater than one pound of nitrogen per one thousand
square feet. Pettinelli (2007) of the University of Connecticut suggests two to three pound of
nitrogen per thousand square feet, depending on whether clippings are left on the field.
Similarly, Johnson et al. (2002) suggests two to four pounds per thousand square feet. Reicher
and Throssell recommend fertilizing 0.75-1.5 pounds per thousand square feet four times a year.
For this study, we will assume a fertilization rate of three pounds of nitrogen per thousand
square feet, broken up into two applications. Based on our assumptions, 225 pound of nitrogen
should be applied to an 85,000 square foot ficld annually.

Water
The precise amount of water required for a natural field can vary dramatically. Irrigation needs
will differ based on the climate the turf is located in: humidity, precipitation, and the
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temperature all play a role in determining the amount of moisture that must be added to a field.
The condition of a natural field will also figure into its irrigation needs. Minimum levels of
maintenance prevent the creation of problems such as thatches, which can impede water from
reaching the soil. If systems are not kept in working order, the efficiency of irrigation will be
compromised.  Lastly, the way in which irrigation is carried out can change the amount of
water needed. Demand on fresh water will change based on the time of day irrigation takes
place (due to evaporation), and if alternative sources can be utilized. All of these factors can
result in more or less water needed to achieve a static level of moisture. Duble (1993) provides
a range of 12 to 36 gallons per square foot needed in Texas, depending on the irrigation needs
for different regions. The Sonoma County Water Agency (2009) uses 22.5 gallons per square
foot when watering city lawns.

Topdressing

Topdressing is the addition of sand, soil, compost, or other material to the turf surface. It serves
to level the playing surface, promote stronger root systems, and create a more resilient surface.
This is accomplished by the added material promoting the decomposition of the organic matter
that is between the soil surface and the grass blades.

Generally the application of topdressing should be done following fertilization, especially in the
spring. Chirillo (2008) notes that some fields might call for 2 to 3 applications per year. The
Sports Turf Managers Association (2009) cites five applications per year for a sand based
soccer field. For our purposes one application per year should be accounted for, while we
acknowledge that additional applications may be necessary.

Rolawn (2010), a European supplier of topsoil and producer of cultivated turf, suggests that
based on the time of year different quantities of topdressing be applied. They recommend that
1.5 liters of topsoil per square meter be applied in the summer, and twice that amount be applied
in the spring and autumn.

For synthetic fields, topdressing consists of the addition of crumb rubber infill. Additional infill
may be periodically necessary, as over time large quantities can be displaced. The Sports Turf
Managers Association (2009) gives an estimated application rate of 10 tons of dressing, applied
once during the year.

Paint

Field markings must be repainted on occasion to maintain the field’s usefulness for various
sports. Hall (2004), of TruMark Athletic Field Marker, notes that five gallons of diluted acrylic
latex paint will cover 1,000 linear feet that 1s four inches wide. He also estimates that a
standard football field requires 4,600 linear feet of paint to apply four sets of hash marks, and
five yard lines. This equates to around 25 gallons of paint that is needed, according to his
approximations. However, for a NCAA Division I Football game, he calculates paint needs for
basic lines are 60% higher, with 27.5 gallons necessary for out of bounds lines, and 12.5
gallons for yard lines. In addition, in this instance 55 gallons of colored paint was also used.

Hall's (2004) figure may be a bit high when compared to the recommendations of others. The
Sports Turf Managers Association (2007) suggests that for a regulation size football field seven
and a half gallons of paint are nceded for the hashes and field numbers. This figure is five
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gallons less than Hall's calculation. In another publication, the Sports Turf Managers
Association (Natural Grass Athletic Fields 2009) suggests that for an 114,000 square foot sand
based soccer field, around 100 gallons of paint are needed for 6 applications annually.
Meanwhile, a provider of acrosol paint, the California Field Supply Company (2007), offers an
even more conservative figure. They estimate that 3.36 gallons of aerosol paint is needed for
the initial layout of the field—which must be reapplied a second time per year—and 1.68
gallons are needed for weekly over markings in a 30 week year (or half of that for lower volume
fields). Although the California Field Supply Company does not indicate the size and purpose
of the field they are considering, only indicating that it was a field of “standard dimensions.”

The amount of paint required for an application of field markings becomes even more muddled
when considering the actual materials that go into the painting of Florida State University’s
Football Field. Theacc.com (2005) estimates that 460 gallons of paint are applied to the field
prior to each game. They note that approximately 100 gallons is used to apply white lines,
numbers and hash marks. An additional 360 gallons is used on the sidelines, and to paint the
team emblem midfield and in the end zones.

The amount of paint needed per application is difficult to determine, given the broad range of
estimates suggested. However, the slight differences i the amount and type of paint needed for
natural and synthetic fields are insignificant when comparing the number of applications
required. Since natural grass is mowed frequently to maintain its proper length as it grows,
lines must be reapplied at regular intervals. Most literature scems to suggest that paint should
be reapplied to grass prior to each event. On the other hand, a synthetic turf needs far fewer
applications of paint. In fact, the Sports Turf Managers Association (Natural Grass Athletic
Fields 2009) only accounts for two applications per year on artificial fields. However, a field
manager may choose to apply paint more frequently to meet more rigorous aesthetic needs.

Replacement Seed and Sod

It is assumed that over time natural grass will get old and need to be replaced. With that, new
seed or sod will be required once the old turf is removed. The frequency with which this is
expected to occur can also affect the costs and life cycle of the field. Another practice that
consumes an excess of seeds is over seeding. Over seeding is done to make the surface greener
in the winter, and to support sports that go later into the season (i.e. that are played late into the
winter or in the spring). However, this practice is not recommended for general maintenance, as
it can compromise the health of the existing grass that must compete with the additional seed

grass variety.

2.5 Cost

In this section the cost of natural and synthetic fields will be explored for comparison.
Estimates will be based on a sample field of 85,000 square feet. This field size i1s large enough
for a regulation size American Football (57,600 sq. {t.) or International Soccer (69,300 sq. fi.)
field plus side lines.

2.5.1 Installation Costs

The cost of turf construction varies dramatically based on numerous factors. As to be
expected, the needs requirements for a field determine its associated cost. The size and
type of play that will occur are the principle considerations when calculating construction

All Content © Copyright 2010 Page 19



costs. The drainage and irrigation systems necessary to suit the capacity of any particular
field also must be taken into account when gauging expenses. The location of a field
installation also factors into its total price, determining its costs related to labor and the
difficulty of installation based on factors like soil and climate. For example, additional
costs may result from the labor necessary to prepare a difficult surface or to offset weather-
related delays in the construction schedule.

The construction price for a natural field can span a wide range depending on the properties
of the land it is built on. If native soils are very sandy, they can support the installation of
new turf without additional materials to improve the surface stability. Native soil fields are
the least expensive of all natural fields. Of native soil fields, there are two options: seeding
and sod. Seeding is the less expensive option, because it does not require the purchasing of
sod or top soil. This option runs at about $1.20 per square foot. (Sports Turf Managers
Association, 2008; Turfgrass Resource Center, 2008). Sod, on the other hand, costs about
$2.25-$5.25 per square foot (Sports Turf Managers Association, 2008). Other types of
natural turf require the addition of sand, and possibly other materials, to improve the
robustness of the root zone for greater availability. The Turfgrass Resource Center
estimates that basic sand-based field installations cost between $2.94 and $4.12 per square
foot. However, they note that more elaborate sand-based systems can cost over §7 per
square foot to install. Meanwhile, the Sports Turfl Managers Association estimates the
average cost of construction for sand based systems as $5.25 for a sand cap and $8.50 for a
sand and drainage. Using these figures, estimates for a sample 85,000 square foot field are
calculated in Table 2.3 below:

Table 2.3: Installation Cost for a 85k Square Foot Grass Field
Natural Field Type Cost
Seed $102,000
Sod $191,250 - $446,250
Basic Sand ~ $250,000 - $350,000 N
High-End Sand $722,500

Meanwhile, the cost of a synthetic turf varies based on many of the same aspects as natural
turf. The existing condition of the field affects the cost of surface preparation, including:
excavating the site, adding any necessary foundational materials, and compacting the
foundation. The more material that must be removed, the greater the cost of installation
will be. A proper drainage system 1is critical for artificial fields; without it, damage
typically occurs from moisture that is trapped in the turf components. This is true even of
indoor turfs, as liquids are often applied to clean and maintain their surface. Choices of
turf components also influence price, including: the quality of fibers, padding, backing, and
infill. In addition, specialized logos or sports lines have associated costs based on whether
they are painted or sewn in. The price range of synthetic turl per square foot is $6 to
$11.76. The Sports Turf Managers Association (2008) estimates that the construction cost
for a synthetic turf runs between $6.50 to $11 per square foot. The Turfgrass Resource
Center (2008) approximates installations to be on the higher end from $10 to $11.76 per
square foot. Meanwhile, Sporturf, a synthetic turf provider, estimates that installing an
artificial turf field costs from $6 to $8 per square foot. However, they also note that a
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10,000 square foot “state-of-the-art fake grass™ turf was installed in Shaw Park, GA for
$30,000 (a price of $3 per square foot). Using these figures, the cost of an 85,000 square
foot synthetic turf field ranges from $510,000 to $999,600. This figure is significantly
higher than the range of $102,000 to $722,500 found for natural fields.

Comparisons of the costs to install natural and artificial fields in other studies show similar
differences in price between the two field types. Several case studies provide estimates of
the installation costs for the two types of fields without noting the size of the field. Despite
this omission, these works provide insight into the potential construction costs of fields, as
well as the difference in costs between synthetic and natural turfs. The price estimates
from these various works are listed in Table 2.4. Of note is the minimum of all of these
costs for natural fields, which has been estimated to be about half of the cost calculated
above, at $§50,000. Meanwhile, the prices quoted for synthetic turfs are on the higher end
of the range found earlier. Furthermore, our calculations show synthetic field installations
as costing from 0.7 to 9.8 times more than a natural field. Several of the additional studies
show artificial fields as ranging from twice the cost of grass to 20 times the cost.
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Table 2.4: Price Estimates for the Total Costs of Installation for Natural and Synthetic Fields

Number Of Times
Greater Cost Of
Synthetic Turf

Resource Context of Research Synthetic Natural :
Installation as
Compared To Natural
: ) : Turf
Turfgrass | A publication that addresses $850,000 — | $50,000— 1.4 to 20
Resource | concemns about synthetic turf $1,000,000 $600,000
Center using scientifically backed data
(2008) for a non-profit trade association
that represents the turfgrass sod
industry.
Williams | An investigation conducted at n/a n/a 11.8
and Pulley | Brigham Young University for
(2002) their football field, half of which
is synthetic, and the other half
which is sand-based natural field.
Powell A conference presentation aimed Basic: Soil: 0.9 to 18:1
(2005) at athletic field managers $600,000 $50,000
addressing the complexities of
natural and synthetic turf. Powell High End: Sand:
is a turfgrass agronomist with the $1,000,000 | $1,000,000
University of Kentucky. ) |
Claudio A journal article in Environmental | $1,400,000 $690,000 2.0
(2008) Health Perspectives (EHF), a
monthly peer-reviewed research
and news publication by the U.S.
National Institute of
Environmental Health Sciences,
National Institutes of Health,
Department of Health and Human
Services.
Skindrud | A case study for a installation at $800,000 $400,000 2
(2005) Springfield College in Springfield,

Massachusetts, in an informational
article comparing natural and
synthetic fields for landscape
contractors.

Using the information provided above, a precise estimate for the installation costs of
different turf options will be determined for use in total system cost calculations. The
range of comparative proposed prices can be seen graphically in Figure 2.1 below. This
figure shows the minimum and maximum prices provided by various authors, as well as the
mean price calculated for each proposed turf type. For our purposes, a single value 1s
needed for a comparative analysis of the total cost of synthetic and natural turf systems.
For this objective, the price per unit (i.c. per square foot) value is a more credible estimate
because: 1) it is known to be a comparison of two fields of equivalent size, and 2) it is
scalable by a known factor to achieve a specific case study field size. It should be noted
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that, regardless of whether the price per square foot or total price is used, the average cost
for a synthetic field is twice that of a natural field. Using the square foot cost, the mean
value of the research investigated will be used for cost calculations. Specifically, this is
$8.88 per square foot of synthetic turf and $4.24 per square foot of natural turf, or $754,800
and $360,813 respectively for an 85,000 square foot field.

Figure 2.1: Initial Cost of Various Turfs

$1,600,000
$1,400,000 $1,400,000
$1,200,000
$1,000,000 $1,000,000 ‘ $999,600 $971.429

$800,000

$722,500

$600,000

$754,800
$600,000 ’

$480,000 $510,000

$400,000 $360,813

$200,000

$102,000 1 $50,000

8 L—

Natural (based on sq.  Natural (based on  Synthetic (based an  Synthetic (based on
ft. cost) sample field prices) sq. ft. cost) sample field prices)

2.5.2 Equipment Costs

Equipment costs are calculated in large part by the equipment and supplies identified m the
maintenance scction of this report (see Section 2.4: Maintenance). The average cost
associated with each of the identified items has been collected from various studies. These
prices have been listed in Table 2.5 below. These estimates will be used to calculate the

capital costs of maintenance.
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Table 2.5: Suggested Cost for Equipment Based on Field Type

Equipment: Synthetic Natural
57,000 to $16,000 (a)
Tractor/Utility Cart $2,500 to Sl 6,000 (b) 7 $7.000 to $18,500 (a)
Assorted ITand Tools No cost estimate given No cost estimate given
$1,500 to 20,000 (a)
Sweepers/Blowers $1,500 (c) ] No cost estimate given

$1,500 to $20,000 (b)

$500-3,000 (a)
Broom, Brush Or Tine o $500()
$500 to $3,000 (b)

$250 to $2,000 (a)

Roller $250 to $2,000 (b)
513,000 to $69,000 (a)
Mower CS107+(d)
$1,000 to $35,000 (a) . .
Spraying equipment $1,000 to $35,000 (c) No cost estimate given

Aerator $3,500 to 17,000 (a)

*yearly cost for a five year lifetime

References for Table 2.5

a) Turfgrass Resource Center(2008)

b) “Synthetic Turf Maintenance Equipment” (Brakeman 2005)

c) “2004-2005 Maintenance Budget Synthetic Infill Field” (Brakeman 2005)
d) New Yorkers for Parks (2006)

The range of estimated prices given by any author can be quite large. For instance,
spraying equipment is expected to run somewhere between $1000 and $35,000 (Brakeman,
2005). The equipment that is needed for the maintenance of both field types is assumed to
be similar in price. These items—tractor/utility carts, hand tools, sweeper/blowers, and
spraying equipment—are similar enough that for the purposes of estimations, they do not
need to be differentiated , despite possible differences in the specific devices. In general,
cost estimates will be made for equipment using the mean of prices provided. Where this is
not the case, this will be noted. The specific price estimates that will be used are:

e A tractor/utility cart will be assumed to be around $10,375, the mean value of all
suggested figures that range from $2,500 to $16,000.

e No estimates were given [or the total price of hand teols. However, it is assumed
that the cost of these is mconsequential in the comparative costs of artificial and
natural fields. Theretore, these costs will not be included.

e The cost of a sweeper/blower will be assumed to be §7,667. The suggested prices
range from $1,500 to $20,000.
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¢ Some combination of a boom, brush, or twine will be assumed to be $1,333.

e A roller will be assumed to be $1,125, the mean value of all suggested figures that
range from $250 to $2,000.

e It will be assumed that a quality mower will be needed given the frequency with
which it will be used. The estimate given by New Yorkers for Parks (2006) will be
disregarded, as it is questionable that the type of mower needed can be obtained for
such a figure (i.e. $107 per year for five years). The midpoint price of $41,000 will
be used in calculations.

e Spraying equipment is assumed to be $18,000.

e The suggested price for an aerator is $3,500 to $17,000. The mean of this, or
$10,250, will be used in calculations.

Using these figures, the total equipment cost will be $38,500 for a synthetic field and
$87,292 for a grass field.

2.5.3 Total Cost of Ownership
The table below provides examples of a 10-year total cost of ownership, comparing the cost
to install and maintain natural sod turf versus synthetic turf. The example uses a 78,000

square foot field, private stadium.

Table 2.6: Total Cost of Ownership
Artificial Turf Sod
Installation Cost $692,640 $330,720
Year 1 Costs 14,900 065,258
Year 2 Costs 14,900 65,258
Year 3 Costs 14,900 65,258 |
Year 4 Costs 14,900 65,258
Year 5 Costs 14,900 65,258
Year 6 Costs 14,900 65,258
Year 7 Costs 14,900 65,258
Year 8 Costs 14,900 65,258
Year 9 Costs 14,900 65,258
Year 10 Costs 14,900 65,258
10-Year Life cycle Cost $841,040 h) 983,300
Uses during 10-Year Cycle 1,400 350
Cost peruse 3 601.17 § 280943

Key Assumptions:

Artificial turf cost of $8.88 per sq fi, $4.24 for natural turf (sod)

Includes general maintenance, equipment, and water costs (annualized average amounts)

Assumes field does not already consist of natural grass

Does not include "replacement" costs, which may or may not occur during mid-point of life of installation
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2.6 Risk of Injury

One of the primary concemns for organizations considering the implementation of synthetic turf
is whether it poses any significant health or injury risks. 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 (Fuller et al. 2007a, 2007b). A more recent study by Meyers
(2010) shows that the latest generation of synthetic surface, FieldTurf, is safer to play on than
natural grass fields. Through the analysis of the various injuries that occurred over the course
of 465 collegiate games, Meyers shows that FieldTurf has lower incidence of: total injuries,
minor mjuries (0-6 days lost), substantial injuries (7-21days lost), and severe injuries (22 or
more days lost). FieldTurf also had significantly lower injury rates that natural turf when
comparing across play or event type, grade of injury, or various field conditions and
temperatures. In addition, there was no significant difference found in head, knee, or shoulder
trauma between the two playing surfaces.

Meyers™ (2010) research is the most comprehensive study to date, and it addresses previous
inconsistencies in findings on injury patterns. Prior studies on injuries suggest that rates for the
two surfaces are similar, but that the type of injury varies (Meyers and Barnhill 2004; Steffen et
al. 2007). Furthermore, there was no consensus amongst researchers on the difference in type
and severity of injuries. Meyers and Barnhill (2004) found that injuries on natural turf tend to
be more severe, with greater incidence of head concussions and ligament tears. Steffen et. al
(2007), however, found that injuries on synthetic turf tend to be more long-term but occur at a
lower rate than injuries on natural turf. Given this conflicting evidence, no major conclusions
could be drawn about differences in risk levels between the two fields before the publication of

Meyers® work.

The following section will discuss the specific health and injury risks posed by: surface
hardness and traction, rates of abrasion, risk of staff infection, heat-related stress and injuries,
and matenal safety.

2.6.1 Traction

Forces that resist shoe-surface motion have been termed traction forces, as they do not
always obey the classical laws of friction (Shorten et al., 2003). If traction forces are too
high, foot fixation may occur, placing a great deal of stress on lower extremity ligaments
during movement (Shorten et al., 2003). This can result in an increased rate of knee
injurics and collisions (Pasanen et al. 2007b). Several authors have noted that surface to
shoe traction is correlated with increased incidence of injury (Pasanen et al. 2007A; Powell
and Schootman 1992; Orchard and Powell 2003). Orchard and Powell show that cold
weather reduced traction, leading to a lower injury rate, supporting the claim that traction
plays a role in increased risk.

Research clearly points to a correlation between increased traction and greater rates of
injury. Several researchers have noted that the more consistent, compliant surface that
artificial turf offers is associated with lower shoe-surface traction (Noyes 1988; Schootman
1994). Meyers (2010) notes a lower incidence of injuries attributed to shoe-surface
interaction during contact with synthetic turfs over natural grass turfs. In addition, Meyers
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attributes the lower incidence of ligament sprains on FieldTurf found by Ekstrand, Timpka,
and Hagglund (2006) to the possibility of lower shoe-surface traction.

2.6.2 Hardness

Increased hardness is correlated with increased likelihood of severe head trauma. However,
the hardness levels of synthetic fields, if set up correctly, fall well below these dangerous
levels (McNitt and Petrunak, 2007¢). Furthermore, it is easier to maintain an existing level
of hardness on synthetic fields because hardness is related to infill depth. On the other
hand, the hardness of natural fields varies according to soil-moisture, which is more labor-
intensive to manipulate on an ongoing basis.

However, the solution is not to make fields as soft as possible. A surface that is not at the
correct hardness level will affect athletes' performance, particularly by bringing on early
onset of leg muscle fatigue (New York City Department of Health and Mental Hygiene,
2008). Set up should be carefully carried out to ensure proper hardness levels.

2.6.3 Abrasion

One of the major criticisms about synthetic turf is that it is seen by many to be more
abrasive than natural turf. The old versions of synthetic turf elicited public complaint about
incidence of abrasion (New York City Department of Health and Mental Hygiene, 2008).
However, the newer versions have longer and softer fibers, making them less abrasive. At
Penn State’s Department of Crop and Soil Sciences, a study on synthetic turl systems
included a measurement of the abrasiveness of the surface by pulling foam blocks over the
turf’s surface (ASTM Method F1015). The results, reported by McNitt and Petrunak
(2007a), states that infill systems are less abrasive than older carpet-like turf generations.
The abrasiveness was also affected by the grooming of the field surface (McNitt and
Petrunak, 2007a).

Comparisons of the impacts of abrasions between natural and synthetic turfs are slightly
favorable towards artificial fields. Unfortunately, the abrasiveness of natural fields has not
been measured for contrast, as the ASTM Method F1015 is only applicable to synthetic
surfaces. However, Meyers (2010) found that the rate of epidermal injuries caused by
interaction with the surface were slightly lower on artificial turfs (1%) than on natural grass
(1.3%). This research investigates some of the irregular injury patterns initially observed
on artificial turf (Meyers and Barnhill, 2004). In this preliminary study, abrasion occurs
more frequently on synthetic turf than natural turf (Meyers and Barnhill, 2004).

It should be noted that in and of themselves, abrasions are not usually severe injuries.
However, these types of injuries can lead to more severe complications, including staph
infections.

2.6.4 Staph Infections

Concerns have been expressed about the role that synthetic turf plays in facilitating staph
infections.  Methicillin-resistant  Staphylococcus aureus (MRSA) is a drug-resistant
bacterium that can result in severe, and sometimes fatal, infections. Due to increased
outbreaks of MRSA in athletes, concerns have developed about whether turf fields increase
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the risk of such infections. While research suggests that abrasions from injury may play a
role in the contraction of such infections, there has been no evidence of a causal
relationship between synthetic turf and staph infections.

There are a variety of studies about the role that synthetic turf plays in the contraction of
MRSA. All research indicates that synthetic turf is not a cause of MRSA. However,
several authors point out that abrasions caused by turf may provide a means of entry for the
outbreak of infection (Kazakova et al. 2005; The New York City Department of Health and
Mental Hygiene 2008; McNitt 2008). The New York City Department of Health and
Mental Hygiene claims that other factors are the primary cause of bacterial infections.
Begier et al. (2004) reached similar conclusions, despite noting a seven-fold increase in the
risk of MRSA contraction for athletes with turf burns. They concluded that it is not
possible to assess the risk of outbreak associated with the playing surface because all
players used artificial turf, and other factors, such as use of a poorly maintained whirlpool,
which played a role in MRSA contraction. Furthermore, The New York City Department
of Health and Mental Hygiene (2008) dismisses the associations that Begier et al. (2004)
and Kazakova ct al. (2005) make between synthetic turf and MRSA, because they did not
compare them with abrasions caused by different sources. McNitt, Petrunak D, and
Serensits (2008) determined that synthetic turf—and fields in general—do not provide an
cnvironment that is hospitable for hosting bacteria.

While infections may be associated with abrasions, not all abrasions result in MRSA. In
addition, cases of MRSA have occurred in individuals who have not generally had contact
with synthetic turf, such as dancers, wrestlers, fencers, and non-athletes. Furthermore,
given that turf surfaces themselves do not harbor such bacteria, it is doubtful that there is an
increased risk associated with abrasions that originate from synthetic turf surfaces over
abrasions from other surfaces (McNitt, Petrunak D, and Serensits, 2008). However, since
abrasions provide a means of entry for staph infections, rates of abrasion can be important
to bear in mind (see the section on abrasion injuries).

Behavioral factors play a far greater role in determining whether staff infections will
develop, including: the covering of wounds, physical contact with other players, and
hygiene practices (McNitt 2008; Benjamin, Nikore, and Takagishi 2007; Nguyen, Mascola,
and Bancroft 2005; Kazakova et al. 2005; Begier et al. 2004; Srinivasan and Kazakova
2004; Tobin-I>’Angelo et al. 2003; Stacey et al. 1998).

2.6.5 Heat
There are two major concerns about the affect of heat on synthetic turf. The first is the

material toxicity that can result from increased temperatures, a concern that will be
discussed in the material safety section that follows. The second is the heat-related stress
that can be caused by increased temperatures, such as heat exhaustion, heatstroke, bums,
and blisters. We will examine these problems here.

Temperatures of synthetic turf do get higher than the suwrrounding air (see section on all-
weather availability), which can play a factor in heat-related stress. There are two studies
indicating that synthetic turf has resulted in heat blisters on players' feet (Williams and
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Pulley, 2002; Sl.com, 2007). However, behaviors play a more significant role in creating
heat-related injuries, such as: reducing playtime and preventing dehydration (Anderson et
al., 2000; New York City Department of Health and Mental Hygiene, 2008b). It has also
been suggested that humidity plays a greater role in heat stress than temperature (New
York City Department of Health and Mental Hygiene, 2008b).

As can be seen, there are a variety of concerns about the safety of synthetic turf for players.
Evaluation of these concerns finds that these risks, in many instances, can be mitigated.
There are some risks that people should be aware of, but there is no evidence that the
dangers of synthetic turf greatly outweigh those of natural fields.

2.6.6 Injury Conclusions

Despite these findings which are generally favorable towards synthetic turf, there is still a
strong public perception that it is more likely than natural turf to cause injury. A study
shows that 91.2 percent of NFL players thought that artificial turf would be more likely to
contribute to injury (NFL Association, 2004). However, this public perception could be
rooted in a variety of factors beyond the grasp of science. Players may be used to other
fields or associate new technologies with their earlier, less-developed versions.

2.7 Material Safety

The use of athletic fields made of recycled tires has also been called into question because of
concerns regarding toxicity. For example, the state of New York has recommended a
moratorium on future construction of such fields pending additional research. Authorities are
worried that because of the chemical content of the material, exposure by various means could
endanger the health of field users, especially children. However, extensive research has pointed
to the conclusion that these fields result in little, if any, exposure to toxic substances.

On the face of it, concerns about the toxicity of crumb rubber fields is quite warranted. The raw
material from which they are made — used car tires — 1s known to contain numerous toxic and
potentially carcinogenic compounds.  These chemicals include polynuclear aromatic
hydrocarbons (PAHs), phthalates, volatile organic compounds (VOCs), zing, iron, manganese,
nickel, PCB, copper, mercury, lead, cadmium, volatile nitrosamines, benzothiazole,
isononylphenol, and more.

These chemicals are of concern for various reasons. Many of the metals have been associated
with damage to the nervous system, as well as irritation of the eyes, nose, and throat. PAHs
have been identified as a cancer risk and as causing substantial organ damage. And VOCs have
been implicated in causing organ damage, or symptoms of lesser consequence such as nausea,
headaches, and sense organ irritation.

However, the mere presence of a substance 1s not necessarily cause for concern. For the most
part, when these chemicals are present in tires, they occur in very small concentrations. Also,
their presence does not automatically equal exposure. Tires are relatively, though not entirely,
inert, and the vulcanization process that they undergo to prepare them for their second life as
artificial turf, renders them more, rather than less, stable. Further, many of the chemicals of
concern are already present at relatively high levels in urban environments, as a result of
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numerous human activities which are not presently considered controversial: driving, heating
and cooling systems, and regular production of household and industrial waste. Even the
consumption of certain foods has been noted to raise a person’s exposure to substances such as
PAHs (van Rooij and Jongeneelen, 2010).The primary issue is not whether artificial turf
contains such materials, for this is undoubtedly true, but, whether there is sufficient human
exposure to elevate the risk above accepted levels. While small increases in risk may not be
insignificant, a generally accepted measure of danger should be adopted, namely the general
scientific consensus in determining whether an elevated level of risk ought to be deemed
significant.

Being in proximity to a substance is not in itself a risk. There needs to be a means through
which one’s body comes into contact with the substance — a path of exposure, if you will. For
crumb rubber, as it is not radioactive, there are numerous possible paths of exposure through
which a human could conceivably be subjected to potentially noxious chemicals. The first and
most direct route of exposure would be through actual oral ingestion of pieces of the crumb
rubber itself. Now, it is highly unlikely that most field users will decide to consume a chunk of
the playing field. However, this is a valid concern when considering the most vulnerable
portion of the population — very small children. It is entirely possible, and perhaps inevitable,
that some small children will pick up infill pieces and swallow them.

Secondly, and more likely, would be hand-to-mouth exposure, especially of dust or small
particles of crumb-rubber. If such matter got on the hands of a user of the field, and the user
then touched his hand to his mouth, he could ingest infinitesimal amounts of crumb rubber

particulate.

Thirdly, dermal exposure is highly likely. The skin of field users is bound to come into contact
with the field’s surface. Given the naturally protective qualities of skin, this is an unlikely route
of exposure, unless the substance 1s abrasive to skin itself.

Fourth, there is concern about chemicals leaching off of the fields — especially if the fields are
outdoors and subjected to periodic rainstorms (Moretto, 2007). Such chemicals, if water-
soluble, could come to enter the groundwater or drinking water supply.

Finally, and perhaps most significantly, there is the possibility of inhalation of toxins from the
field. Such inhalation would generally come about through one of two possible phenomena.
The first is a process known as “out-gassing”™ or oft-gassing.” As noted above, recycled tires
are substantially, though not entirely, inert. Some compounds within the material will, over
time, come to be released from the material and to enter the air. This is a particular concern
with so-called “‘volatile organic compounds.” but also with PAHs. Secondly, repeated use of
the field could cause atomized particles of the field to be produced as barely noticeable dust, or
“particulate”. Such particulate could be inhaled by users of the field.

The potential of toxic exposure along each of these pathways has been the subject of repeated
inquiry. Numerous governmental agencies have carried out independent research into the toxic
potential of crumb rubber, and we will review the results of this below. Generally, it has been
found that crumb rubber fields do not present an elevated risk to health through exposure to
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toxic substances, but researchers have noted some areas of concern. More typically, though,
they have noted the present existence of “knowledge gaps™: a lack of full understanding at the
general theoretical level which renders the inquiries to some degree inconclusive.

2.7.1 Direct Ingestion

Two major studies of the potential for toxic transference through direct ingestion have been
carried out. The first, by Birkholz, Beton and Guidotti (2003), involved immersing tire
particulate m chemical solvent and testing the resulting chemical for increases in
carcinogens. This test did not clearly demonstrate a significant increase in carcinogenic
levels.

A similar study, by the California Integrated Waste Management Board (CTWMB, 2007),
subjected 10mg of tire shred samples to a chemical environment that replicated the human
digestive system. In all, 22 chemicals were released by the samples, but none at levels that
were associated with significantly elevated risk levels.  Scientists performing this
experiment were particularly concerned with an elevated risk of cancer in children. The
study found, though, that ingestion of a significant quantity of tire shred did not elevate a
child’s risk of developing cancer, relative to the overall cancer rate of the population.

2.7.2 Hand-to-Mouth Contact

This same study, by the CIWMB (2007), also evaluated increased risks due to hand-to-
mouth exposure. For hand-to-mouth exposure, researchers took wipe samples from field
surfaces and were able to identify five chemicals present in rates significantly higher than
the general environment. Calculations were then made to determine the frequency with
which these chemicals would or could enter the body through hand-to-mouth contact.
Though a high degree of variability and uncertainty was acknowledged, researchers found
that, on average, the degree of toxic exposure due to hand-to-mouth contact would be well
below acceptable levels.

Lead ingestion 1s a matter of concern with crumb rubber fields, for it is well-known that
lead is used i tire production. However, one mitigating tactor should be pointed out: tires
do not contain uniform amounts of lead, and it is therefore possible to selectively choose
particles from tires with low lead concentrations.

The New Jersey Department of Health and Senior Services (2008) carried out a study
subjecting tire particulate to a simulated gastric environment. This was done to determine
whether the amount of lead which could be absorbed by human beings as a result of casual
ingestion through hand-to-mouth contact with crumb rubber dust would release significant
quantities of lead. The findings were that the amount of lead released through gastric
processes was not significantly different from that of ordinary soil samples. However, in
certain types of fields, particularly those which used nylon fibers, elevated lead levels were
observed.

A similar study was undertaken by the Consumer Product and Safety Commission (2008).
The CPSC analyzed wipes taken from various crumb rubber fields and assessed the risk of
exposure to minors who might be using these fields. It was determined that in no case
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would exposure ever exceed chronic levels of ingestion of lead that could cause lead
poisoning.

The Norwegian Building Research Institute’s (2006) analysis of lead exposure similarly
found that lead levels fell well within an acceptable range.

The US Center for Disease Control and Prevention (2008) has advised the careful selection
of material for crumb-rubber fields. It is possible to select crumb rubber in which lead
concentrations are low, and it is strongly advised that this be carried out.

PAHs arc a source of concern for hand-to-mouth ingestion from artificial turf fields. The
CIWMB (2007) investigated the possibility that four PAHs — such as the carcinogen
chrysene—could be present at levels dangerous to humans. The study failed to show that
this was the case.

2.7.3 Dermal Contact

In addition, PAHs have been studied for their risk associated with the dermal contact of
crumb rubber. Such risks of PAH uptake have been determined as low amongst athletes
(Hofstra 2007), based on certain assumptions regarding the circumstances of exposure and
dermal bioavailability. Additional testing of real life exposure was conducted by Van
Rooij and Jongeneelen (2010). Their study used biological monitoring (i.e. urine samples)
to assess exposure. This method of assessment is advised when exposure can occur
through multiple pathways, as is the case with PAHs. Their findings show that the uptake
of PAH by athletes who have contact with crumb rubber synthetic turf is negligible.
Additionally, diet and other environmental factors were identified as having the same level
of PAH uptake as field exposure.

As far as dermal contact is concerned, the Norwegian Institute of Public Health and radium
Hospital (2006) carried out an extensive analysis of possible health concerns. The only
concern which they highlighted as potentially significant was the risk of allergic reaction to
crumb rubber that contains latex, a well-known allergen. The study found, though, that
there was no evidence to suggest that allergic reactions were caused by exposure to crumb
rubber and speculated that latex in car tires was either “less available for uptake™ or was
“deactivated” as an allergen. The study acknowledges, however, the existence of
knowledge gaps that make a full risk assessment in this particular area provisional.

2.7.4 Water Contamination

The question of whether chemicals will leach off of playing fields and enter the drinking or
groundwater supply is of broader concern. Once again, the matter of whether or not such
leaching ever takes place should not be the focus of concern. The question is: At what
concentrations do chemicals leach off of ficlds, and will the natural environment be able to
break down the chemicals at those concentrations?

Zinc is a metal of particular concern in this regard. Now, the simple presence of zinc 1s not
necessarily problematic. Zinc is already present in significant concentrations in urban
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environments, and is in fact essential to the metabolism of most plants and animals.
However, zinc at high concentrations can be quite toxic.

Three studies have looked into the presence of zinc as a result of leaching from crumb-
rubber athletic fields. The first, carried out by the Norwegian Building Research Institute
(NBRI)(Plesser, 2004), was the most critical. It noted that the concentration of zinc in
granulate particles exceeded the Norwegian Pollution Control Authority’s guidelines for
“most sensitive land use.” However, it should be noted that Norway’s standard for this
particular pollutant is unusually stringent; the report noted that the same concentration is
deemed by Canadian Water quality guidelines to be well within acceptable range.

California’s Integrated Waste Management Board (2007) tested the concentrations of zinc
leaching from crumb rubber fields. Its analysis seemed to indicate that the levels detected
were not a significant health or environmental concern.

New Jersey’s Department of Environmental Protection (2007) carried out a review of the
satety of crumb rubber fields that took careful account of the presence of zinc in water
leaching from these fields. They noted that a Dutch study from 2007 indicated that the
amount of zinc that could leach into water supplics would not be injurious to human health.
[t would fall below the level of toxicity advised against by the World Health Organization.
However, the same study noted that the amount of zinc potentially leached into
groundwater exceeded limits set by New Jersey’s own environmental standards.

The Swedish Chemicals Inspectorate (2006) has confirmed this finding, noting that zinc
levels exceed what is acceptable in runoff, for it could damage ground-dwelling organisms.
For this reason the Inspectorate advised against the construction of new crumb-rubber
fields, but did not urge the climination of existing fields.

The Norwegian Institute for Water Research (2005) has indicated that not only zine, but
also but alkylphenols, and octylphenol in particular, are also predicted to exceed the limits
acceptable for environmental health.

Birkholz, Belton, and Guidotti (2003) performed toxicity tests on four different aquatic
species using crumb-rubber leachate. They determined that undiluted samples produced a
moderate risk to all four species, but that diluted samples did not. Noting that the
likelihood of undiluted rainwater runoff was slim to entirely unlikely, they concluded that
crumb rubber leachate does not pose a risk to aquatic species. However, it should be noted
that they specifically looked at toxin levels of lauryl sulfate and sodium chloride. Zinc
exposure was not tested.

2.7.5 Inhalation
A particular concern when it comes to the potential of inhalation of toxins from crumb

rubber fields 1s Volatile Organic Compounds, or VOCs. As discussed above, VOCs have
been implicated in causing organ damage, nervous system problems, and irritation of eyes,
throat and airways.
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As pointed out by the New Jersey Department of Environmental Protection (2007), the
likelihood of significant emission of VOCs from recycled tires is very low. This is because
most VOCs would have already been emitted from tires while they were used for their
original purpose of enabling automobile transit. The combination of frequently raised
temperatures and long-term use would serve to eliminate most volatile gases from the
material. Further, most tires spend up to a year in a scrap-yard between being discarded as
tires and before being shredded for use in athletic fields. This additional year provides
more opportunity for VOCs to be out-gassed. Studies serve to confirm these speculations.

The French National Institute for Industrial Environment and Risks (2007) carried out a
study of the risk of exposure to VOCs from recycled tire athletic fields. The study found
that the concentrations of VOCs emitted by such fields were low enough to not pose a risk
to athletes using the fields, to officials, or to spectators.

The Norwegian Pollution Control Authority (2006) analyzed the levels of VOCs emitted
from indoor fields to determine if a health hazard was indeed present. The finding was
that, with adequate ventilation, these fields would not pose a health concern.

The New York City Department of Health and Mental Hygiene (2008b) commissioned a
study of a number of the city's already-constructed athletic fields to determine if VOCs or
metals were being out-gassed from the fields at significant levels. Though eight different
VOCs were detected i the air, they were not at levels high enough to threaten human
health. Additionally, it was not clear that the VOCs detected were indeed from the fields
themselves, as there was no uniformity in the scores for the different fields, and VOCs
were detected in control locations upwind from the sites.

The Norwegian Institute of Public Health and Radium Hospital (2006) analyzed the
presence of VOCs emitted from fields and determined that there was no cause for concern.
This includes the substance known as carbon black. Recent discussions have included the
topic of carbon black, and the potential damage to the respiratory system. Carbon black is
used in tires to provide the pigmentation, as well as to dissipate heat and maintain the shape
(and life) of the tire. However, there have been no findings that carbon black in crumb
rubber has been a serious health issue to users of playground surfacing. Similar research
was performed by the California Integrated Waste Management Board in a subsequent,
related study in 2007.

A preliminary test by the Connecticut Agricultural Experiment Station (Mattina et al.,
2007.) showed that VOCs were indeed released from rubber pellets made from ground-up
tires, the raw material for crumb rubber fields. Though the study noted that the levels of
released VOCs did not appear to occur at a level clearly injurious to humans, further study
was reconmended.

The same study looked into the presence of volatile nitrosamines emitted by a sample of
twenty different ficlds. Volatile nitrosamines are chemicals such as benzothiazole and 4-
(tert-octyl) phenol. The study did not indicate that such chemicals were emitted at levels of
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concern. A similar Dutch study looked ito the levels of nitrosamines emitted from
vulcanized crumb rubber and determined that such levels did not pose a risk to humans.

Both the Norwegian Building Research Institute (2006) and the California Integrated Waste
Management Board (2007) have carried out tests of exposure to numerous potentially toxic
metals present in tires, such as mercury, PCBs, nickel, cadmium, and chromium. Both
studies identified levels that were either below detection limit or were at levels insignificant
to health considerations. However, concerns were raised about levels of chemicals such as
dibutylphthalate (DBP) and diisononylphthalate (DINP), whose presence can exceed EU
standards.

2.7.6 Sample Testing

To investigate the issue of the content of lead and other metals in cryogenically produced
crumb rubber, samples were sent out for laboratory evaluation. Materials were provided by
a market leader, BAS Recycling of Moreno Valley, CA, from one of its primary customers,
Environmental Molding Concepts (EMC). Synthetic field samples were sent to St. Louis
Testing Laboratories, Incorporated, an independent third-party commercial testing
laboratory, and analysis was conducted in February, 2009. Evaluations were carried out to
ensure compliance with the U.S. Consumer Product Safety Improvement Act for Children’s
Products Containing Lead (i.e. CPSIA, Section 101), which places limits on the heavy
metals content in children’s product. The metals regulated by this act include: lead,
antimony, arsenic, barium, cadmium, chromium, mercury, and selenium. Testing was done
in accordance with American Standard Testing Method (ASTM) E1613, “Standard Test
Method for Determination of Lead by Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES), Flame Atomic Absorption Spectrometry (FAAS), or Graphite
Furnace Atomic Absorption Spectrometry (GFAAS) Techniques.”

In total, 40 tests were conducted, for each of the eight metals on five different color
samples. Five colors (i.e. blue, green, rust, black, and gray) of turf were evaluated in order
to account for possible variability of outcomes from different source contributions. All
testing for lead indicated that sample contents were below problematic detection levels.
For the remaining tests, all but one came back in compliance with regulation standards. In
a single instance, the sample with blue colorization had slightly elevated levels of Barium.
This test measured barium at 1228 ppm, which is 328 ppm above the limit. High levels of
barium exposure can be troublesome. However, it should once again be noted that the
mere presence of a substance is not necessarily cause for concern. It simply indicates a
possibility of a risk of exposure. Further testing would be needed to measure the risk of
contact.  On the other hand, the absence of above hmit concentrations precludes the
possibility of exposure. In other words, a person cannot be at risk of exposure, it a
substance 1s not present. As such, our testing found that the presence of lead—which was
previously identified as being potentially problematic— does not pose a significant risk to
people, and children in particular. In fact, the samples provided by BAS contained
virtually no lead, at 20 parts per million, which surpasses the upper threshold limit of 400.
Levels of lead even in soil are also acceptable at up to 400 parts per million, which
signifies the insignificance of lead in the recycled rubber based material.  Overall,
cryogenically produced crumb rubber performed well against product safety standards.
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2.7.7 Material Safety Conclusions

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 a safe, cost-effective, and responsible use for tire rubber.

There remain a few objects of concern, though. First, the allergen potential of latex in tires
used for athletic fields remains obscure. Though there has not been experimental
confirmation of the risk of crumb rubber triggering a latex allergy, the possibility cannot be
ruled out and needs to be investigated more thoroughly.

Second, lead exposure remains an object of some concern. The results of experimental
evaluation of lead in these ficlds have been thus far inconclusive. Most studies have
cleared the fields as safe in terms of lead risk, but others have noted an elevated presence of
lead. Given the fact that lead levels in tires varies significantly according to production
processes, it seems safe to conclude that given judicious selection of crumb rubber fill prior
lo constriction — that is, selection of material with low lead concentrations — lead exposure
could be minimized significantly.

Finally, and most significantly, repeated testing has shown that the presence of zinc in
leachate from crumb rubber fields remains problematically high. In many communities,
these levels exceed what is allowable according to present environmental standards. Some
studies have shown these levels to be acceptably low, and others have noted that certain
governance areas — Canada’s, for example — allow for higher levels of zinc in groundwater.
However, generally speaking, it would appear that levels of zinc leaching into groundwater
from crumb rubber fields are significant. Further research needs to be conducted into this
question to determine whether it is a real concern, and if it is, greater innovation needs to
be carried out at the level of product development to eliminate this concermn. If this does
not occur, the market for crumb rubber fields will be constricted to areas with relatively
more relaxed groundwater-quality standards.

2.8 Environmental Impact

There are several issues that are encompassed in discussions of the environmental impact of a
product or activity. Largely, these can be categorized into global warming impact, risks to
human health (including toxicity), and disruption to ecosystems. The potential toxicity of
synthetic turf, as well as its possible effects on human health was largely discussed in the
previous scctions (see Section 2.6: Injury, and 2.7: Material Safety). In addition, some of the
aspects of ecological toxicity were also discussed in Section 2.7: Material Safety. The
following section addresses additional environmental concerns related to natural and synthetic
fields. The life cycle global warming impacts will be addressed specifically.
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2.8.1 Environmental Concerns

Fertilizer

The environmental impact of fertilizers has gamered much attention in recent years, with
growing concerns about bio-fuels. Fertilizers are made using very energy-intensive
manufacturing processes to produce nitrogen. The basic feedstock for making nitrogen
fertilizer is a petroleum product, natural gas. As a result, fertilizers can be the largest
component of an agricultural product’s energy consumption (Pimentel 1991; Shapouri et
al., 1995; Pimentel 2002; Shapouri et al.,, 2002; Kim and Dale, 2004). With greater
embodied energy, these products have a high global warming potential.

Given this, the amount of fertilizers needed for natural fields is an important environmental
consideration. The global warming impact per pound of nitrogen in fertilizers has been
shown to be 0.8 to 1.2 pounds of CO2 (West 2002, Robertson 2000, Snyder 2007).
Therefore, the carbon footprint associated with the fertilization of a natural turf field is
between 204 and 306 pounds of CO2 equivalent. This is between 0.092532 and 0.138799
tons.

Fuel Consumption

In assessments of global warming impacts, evaluations are often done by means of energy
use as a proxy. While energy consumption alone does not account for all of the aspects of
green house gas emissions, it is one of the major contributors of direct and indirect
emissions. In an inventory of natural turf emissions, Townsend-Small and Czimeczik
(2010) find that the single greatest source of emissions is fuel use. For turf maintenance,
fuel is used in transport, for mowing, and leaf blowing. Some of these emissions can be
reduced by selecting electrically based machinery.

Grass grows quickly, and it must be mowed regularly to maintain optimal play quality. Tt
1s often assumed that such fields are cut on a weekly basis. Townsend-Small and Czimczik
(2010) estimate that 2700 gallons of gasoline were used by the city of Irvine per month to
maintain two million square meters of park area. The impacts associated with fuel use
were greater than any other impact considered by about a factor of three or more.

Recycled Content

Products made from recycled content are generally preferable to those made from virgin
material in two respects: 1) they do not draw on resources that may be limited; and 2) they
address 1ssues of waste. The crumb rubber used as infill in artificial turf fields is made
from used tires. Recycled tires that were used in this capacity prevented an estimated 300
million pounds of ground rubber from scrap tires from ending up in landfills in 2007
(Rubber Manufacturers Association, 2009). It typically takes between 20,000 and 40,000
scrap tires to produce enough infill to cover a football field (City of Portland, 2008). The
EPA’s decree has afforded the opportunity for 4.5% of U.S. scrap tire to be applied as
crumb rubber in sports surfacing in 2007 (Rubber Manufacturers Association, 2009).
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Water

With over two-fifths of the world's population currently facing serious fresh water
shortages, water scarcity is becoming an increasingly important issue.  This figure is
expected to get worse, as populations maintain growth, and glacier derived supplies
continue to dwindle as a result of climate change. Water shortage has become the single
areatest threat to food security, human health, and natural ecosystems (Seckler, 1999). In
addition, irrigation not only requires the resource of water, but also needs energy to deliver
it to the end user.

From a water standpoint, synthetic surfaces are advantageous over natural grass. Irrigation
1s a key component in maintaining natural turf. Artificial fields, on the other hand, do not
usually require nirigation. Depending on their location and use, synthetic turfs may need to
be watered down for cooling in hot temperatures, but the amount of water used for cooling
is far less than that used to nrrigate grass fields.

In addition to irrigation demands for water, a field’s ability to take in storm water is another
environmental consideration. There arc several environmental problems associated with
storm water runoff. In general, natural habitats are better able than impermeable surfaces
to absorb storm water. However, synthetic turfs include drainage systems that compensate
for their inability to take in water, while grass is poor at absorbing large quantities of water.
Duble (1993) notes that runoff can vary greatly due to the seasonal distribution of rainfall.
For a mean annual precipitation of 30 inches, runoff can be measured for the following
amount at different locations: 3 inches in Nebraska, 6 inches in Tennessee, 12 inches in
New York, and 22 inches in the Rockies. The resulting runoff that is created can lead to
polluted ecosystems, as the flowing water picks up sediment, petroleum products,
pesticides, fertilizers, bacteria, and metals. For example, in 2004, the water quality at San
Francisco city beaches fell below quality standards 12 times in a single month, and storm
water overflow contributed to over 40 closures during that year (Heal the Bay, 2004). This
pollution, as well as other water capacity issues, such as flooding and the need for
infrastructure, places stress on financial resources which may be lessened by a natural
surface.

While natural turf may result in greater runoff than synthetic surfaces, they result in less
aggregate waste water because they are able to absorb and use some of the precipitation.
When viewed at a national level, the accumulated aftfects of water distribution and removal
are not inconsequential. In aggregate, 3% of national energy, or a 56 billion kilowatt hours
annually, goes to water deliverance and removal (EPRI 2002). This results in the release of
approximately 45 million tons of greenhouse gas, when assuming the average mix of
energy sources in the country (USEPA 2008). So, between the two field types there is a
tradeoft of impacts: natural turfs may contribute to the problematic aspects associated with
storm water runoff, while synthetic turfs play a role in issues regarding wastewater
management.

Heat Island
One concern with synthetic turf is its role in the heat island effect - the increase of urban

temperatures due to the replacement of vegetation with impervious surfaces that radiate
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heat. (New York City Department of Health and Mental Hygiene, 2008; Turfgrass
Resource Center, 2008; Rosenzweig et al. 2006; New Yorkers for Parks, 2006). This effect
occurs when heat from direct sunlight is absorbed by surfaces and then dissipated, raising
ambient air temperatures. Urban heat island has an adverse impact on the environment
because it increases the demand for cooling energy, intensifies air pollution—such as
ground level ozone, and increases heat-related health problems (New York City
Department of Health and Mental Hygiene, 2008; Rosenzweig et al. 2006; San Francisco
Recreation and Park Department, 2008). Since synthetic turf has been shown to be hotter
than the surrounding air and other surfaces (see Section 2.2: All-weather availability), it is
a contributor to the heat island effect. However, the New York City Department of Health
and Mental Hygiene (2008) notes that in New York, where summer temperatures can be
about seven degrees higher than surrounding areas, synthetic turfs only make up a small
portion of absorbent surfaces in the city, and therefore is not the primary culprit for this
phenomenon.

2.8.2 Life Cycle Analysis

Various researchers have considered the emissions impact associated with turf systems,
with much of this work focusing on calculating the capacity of natural grass to sequester
carbon (Milesi, et al., 2005; Bandaranayake, et. al., 2003; Qian and Follett, 2002; Pouyat
etal,, 2009). Additional studies have investigated the N20 emissions of turfgrass
(Guilbault and Matthias, 1998; Kaye et al., 2004; Bijoor et al., 2008; Hall et al., 2008).
Townsend-Small and Czimezik (2010) note a lack of research investigating impacts of
organic carbon storage and greenhouse gas (ghg) emissions. Additionally, studies
exploring the emissions impacts of synthetic systems are lacking. One study by the Athena
Institute (2007), a Canada-based nonprofit, compares the global warming impacts of
natural and synthetic turf systems over the lifespan of the systems. This exploration of
greenhouse gas inventories over the entirety of their life cycle will be utilized below to
evaluate the emissions impacts of natural and synthetic turf systems. Given the scope of
this study, our purpose here is not to conduct a comparative life-cycle analysis on turf
systems, but rather, to provide some rough estimates of the comparative global warming
impacts of natural and synthetic fields to see if we can clearly identify which field system
has a lower impact.

The Athena Institute (2007) study considers the entire scope of the product’s life-cycle by
means of SimaPro 7 LCA Software (2006). Assessments take into account various aspects
of a playing field’s life-cycle, including: the manufacturing of system components;
transportation; surface preparation; maintenance; and end of life considerations. Impacts
were calculated using various databases in conjunction with the SimaPro 7 LCA Software,
based on the location where impacts occurred. For instance, the primary backing material,
“Thioback Pro,” is made from substances manufactured in the Netherlands, and is
evaluated using the prominent European Life Cycle Inventory database, Ecolnvent Library
v.1.2, to estimate associated emissions. The Franklin 98/01-update Life Cycle Inventory
database from the SimaPro 7 LCA Software was also used in calculations.

The data for this research was gathered from a case study on the installation of a synthetic
field in 2006 for Upper Canada College, a school serving elementary and secondary
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students. The size of the field being considered was nine thousand square meters, or
approximately 96,875 square fect. Five pieces were identified in construction of synthetic
turf fields: the turf itself, primary backing material, a secondary elastomeric coating, rubber
granule infill, and PVC piping for drainage. Meanwhile, the only components determined
for natural fields are seeds and sod. Transportation includes all emissions from supplier to
installation. Maintenance levels for artificial turf systems are adopted from the FIFA
(2001) Guide. These include the brushing and removal of debris and contaminants using
equipment such as: drag brushes, mats, and nets, hand tools, high-pressure cleanser, and
sweeping machines. In addition, watering is recommended as needed, as is the removal of
any snow, weeds, algae, and moss. In contrast, the maintenance considered for grass was
irrigation and cutting, although the specifics about the methodology, amount, and
frequency were not explicitly stated. Lastly, it is assumed that at the end of the artificial
turf’s life. the system is recycled.

Figure 2.2 below shows a summary of the comparative impacts found by the Athena
Institute. Following that is a discussion of their findings.

W
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Figure 2.2: Athena Institute’s Green House Gas Emissions Assessment for Field Turf Systems
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Material Manufacturing & Transport

The Athena Institute considers the embodied energy for the components of natural and
synthetic turf installations. In addition, transportation impacts for these components are
calculated via the Upper Canada College case study.

For synthetic fields, the Athena Institute’s calculations provide a good estimate for the
impacts associated with the production of turf components. The parts that they considered
were consistent with other descriptions of artificial turf systems. Also, evaluations for these
impacts were conducted using widely accepted LCA software. At present, there is no other
literature that considers the global warming impacts of synthetic turf systems. As such, it
will be assumed that the Athena Institute’s analysis of the impacts for manufacturing
synthetic turf components has been adequately executed, and is equivalent to 86 t COse.

For natural grass fields, meanwhile, the only components considered are the production of
seeds and sod. The impacts of seed production have generally not been accounted for in
research analyzing crop cultivation.  This is especially true with urban fields. When
evaluating the energy requirements of crop iputs, Moerschner and Gerowitt (2000) find
that the effects of seed production are only a mere fraction of the total environmental
impacts of fertilizer production. Flessa et al. (2002) cites the negligible contribution of seed
production compared to the other agricultural product inputs as the reason for their
exclusion i analysis. While attempts have not been made to account for the global
warming emissions associated with seed production in grass fields, proposals for the
inclusion of seed production have been made in the field of livestock production (Schils et
al., 2007; Olesen et al., 2006), as well as in agricultural analysis in Europe (Weiske A.,
2000; Kaltschmitt and Reinhardt, 1997).

It is unclear whether the entire scope of sod production is considered in the Athena
Institute’s analysis (i.e. whether the maintenance that goes into the production of sod is
included). Much like seed production, there has been very little discussion of the emissions
impacts associated with sod production. However, unlike seed production, the embodied
global warming potential (gwp) of sod can be extrapolated from the maintenance
requirements for grass fields. The next section will be dedicated to investigating whether
Athena Institute’s figure provides a good approximation based on some simplifying
assumptions.  First, to address their assessment, we must first explore the work of
Townsend-Small and Czimczik (2010) for the data on the various maintenance impacts
associated with natural grass turf,

In their study, Townsend-Small and Czimezik (2010) calculate the gwp of urban natural
grass turls, considering their organic carbon storage, direct N20 emissions, and the
emissions associated with maintenance. The outcomes of these evaluations vary based on a
number of factors, including: fertilization practices, soil moisture, temperature, and the
existing soil organic carbon content. Their analysis of existing fields shows that the amount
of organic carbon that is stored in natural grass fields is not enough to offset the direct and
indirect emissions associated with the field. In fact, they found that in fields that absorb
potential greenhouse gases, associated emissions are approximately three to four times




greater. This is especially true in athletic fields, where it is assumed that turfs are installed
with sod, instead of seeds--which is often used for ornamental fields. Based on this
assumption, athletic fields offer no net sequestration of CO2. More specifically, the
aLlition of transplanted sod results in the addition of organic carbon to the system. While
the original soil where the sod was planted is capable of storing organic carbon, the soil on a
field with transplanted sod can take up to three decades before it begins to store organic
carbon. In addition, maintenance practices such as tilling, aeration, and the re-sodding of
dead grass disrupt the storage of organic carbon. The estimates for this study are listed in
the table below:

Table 2.8: Townsend-Small and Czimezik’ (2010) gwp of Urban Natural Grass Turfs

TImpact Description GWpP
Considered (g CO2/m2/yr)
Organic Estimates of the sequestration of organic carbon based on an
carbon storage | analysis of physical samples. 513
N20 A measurement used to estimate some of the impacts of
emissions greenhouse gas emissions from turf soil. 45-145
Fuel This figure includes the emissions associated with the actual fuel

requirements to maintain the turf being sampled, totaling about
2x10 6 m2 of park area. The amount of fuel was estimated to be
approximately 2700 gallons of gasoline per month. This fuel
covers the transport, mowing, and leaf blowing for weekly
trimmings and mulching. The global warming potential from
this fuel use was then calculated using the EPA’s (2005)
estimates of 2421 g C for a gallon of gasoline, and Lal’s (2004)
assessment of combustion efficiency of 85%, which is similar to

farm equipment. 1469
Water The fields for this study were watered regularly, using recycled
conveyance wastewater. Impacts associated with irrigation consider the

energy required to pump water. Calculations are made using
Schlesinger (1999) estimate of 53 g C/m2/yr for associated

energy. 193
Fertilizer Fields are assumed to be fertilized from two to 1S times per 45-339
production year. Figures provided by Schlesinger (1999), of 1.436 moles of

C per mole of N produced, were used in the calculation of
embodied emissions associated with the production of fertilizers.
The range of emissions impacts varies based on the number of
fertilizations.

Total 1752-2146

We will use the data provided by Townsend-Small and Czimczik's (2010), together with
Athena Institute’s assessments, to make an approximation of what seed and sod production
impacts should be. We begin by stating the assumptions used in our analysis. First, we
assume that sod is grown for about a year before it is transplanted to a new field. Powell
(1999) estimates that a sod crop can be harvested six months to two years after
establishment. Next, we assume that, at the very least, sod requires irrigation to grow. If we
assume that Athena Institute’s measurements for the watering and cutting (i.e. the
“maintenance”) of a grass field are correct, then the emissions for growing sod should be at
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least one year’s worth of the watering impacts (sod impacts should be higher than this
figure, as there are additional maintenance requirements that have associated emissions).
Townsend-Small and Czimczik’s (2010) ratio of impacts from fuel and water conveyance
are 1469:193 g CO2e/m*/yr; or more simply put, the fuel related impacts are 7.6 times
greater than those from watering. Then, if we apply this ratio to Athena Institute’s
maintenance associated emission of 13.4 t COse, watering impacts should be 1.56 t COse for
10 years. If, as stated, we assume that the average sod production period is one year, the
rough estimate just proposed suggests that the calculation of 0.103 t CO,e for seed and sod
production might be a slight underestimate, when compared to one year of watering. This
figure appears to be an even greater underestimate when considering that Athena Institute’s
estimate includes the impacts from seed production, and that sod is generally fertilized
multiple times prior to being transplanted (Powell, 1999a). The apparent under-estimation
of these impacts suggests that a more accurate estimate of emissions associated with seed
and sod production should be investigated. However, in the scale of the natural turf’s life
cycle, the production stage emissions will always be dwarfed by the global warming
potential of grass maintenance. Thus, research into more precise measurements of seed and
sod production emissions will not be addressed within the scope of this paper, and will be
left to future research.

Soil Preparation

Depending on the existing condition of a field, significant efforts might be required to
excavate topsoil in preparation of turf installation. For the purpose of this report, it is
assumed that emissions associated with excavation are significant, and that they should be
incorporated into impact inventories. The Athena Institute’s analysis includes impacts
related to topsoil excavation. However, they do not explicitly outline what is considered in
the accounting of these emissions. We speculate that these impacts are associated with the
operation of machinery to dig up and haul away topsoil. This theory is supported by the fact
that hauling-related emissions do not appear to be included with transport emissions, which
are instead focused on the delivery of components to the location of installation. Therefore,
having identified possible impacts related to the excavation of topsoil, which are not
covered in other aspects of Athena Institute’s evaluations, and without alternative
assessments available from other research, we will assume that their calculations are an
acceptable estimate for excavation related impacts. However, it should be noted that it
might be possible to obtain a more accurate measurement from further investigation.

Maintenance

The maintenance requirements considered by the Athena Institute vary dramatically for the
two turf types. The maintenance tasks for artificial turf were adopted from the FIFA (2001)
guide. These include the brushing and removal of debris and contaminants using equipment
such as: drag brushes, mats, nets, hand tools, high-pressure cleanser, and sweeping
machines. In addition, watering 1s recommended as needed, as is the removal of any snow,
weeds, algae, and moss. In aggregate, the emissions associated with these activities are 4 t
COse over ten vears. In contrast, the maintenance considered for grass is irrigation and
cutting. The emissions associated with these activities are 13.4 t CO»e.
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The Athena Institute does not state the underlying assumptions that were made in
calculations of maintenance related emissions. It is therefore assumed that all of the various
aspects relating to these activities were considered, and that calculations are as
comprehensive as possible. For instance, evaluations can change based on factors such as:
the frequency with which activities are carried out, the methodology used to accomplish a
maintenance task, the quantity of materials applied, and the scope of the supply chain
considered (i.e. transportation and embodied energy associated with any material used).

While far more maintenance activities are considered for synthetic fields, the global
warming potential for the maintenance of natural fields is greater. The differences in these
impacts are partially due to grass fields’ continual need for additional supplies to sustain
their health. Emissions related to the continual input of supplies accumulate over time. The
findings of Townsend-Small and Czimczik (2010) show that much of the global warming
impacts of grass maintenance are associated with fuel use. On the other hand, the
maintenance of synthetic fields only generally requires a capital investment in equipment
and labor to carry out tasks. It is customary in LCA research to exclude the impacts of
labor. This means that any work done by hand on a field has no associated emissions.

To achieve a more comprehensive analysis, additional maintenance requirements should be
considered, as per the maintenance related equipment and supplies identified in Section 2.4:
Maintenance.  Of particular interest are the additional impacts associated with the
application of fertilizer to natural fields. However, it should be noted, that even with the
additional consideration of these elements, the general finding by the Athena Institute will
remain largely unchanged. That is, the maintenance impacts of natural turfs will be larger
than those of synthetic turf, only to a greater degree. However, these impacts will still be
much less than the material related emissions associated with the manufacturing of the
components of synthetic turf. Any considerations of additional maintenance practices will
result in greater emissions being associated with natural systems. This increase will result
from the iput of materials that are needed in greater quantities, and with greater frequency
than for synthetic turfs.

Table 2.9 below lists the maintenance needs and materials identified by the Athena Institute,
as well as additional recommendations obtained from the maintenance materials identified
in Section 2.4,

Table 2.9: Maintenance Needs and Materials
Synthetic Natural
Watering _ [rrigation
~ Brushing . Mowing
Activities Considered ~ High-Pressure Cleaning
~ Sweeping
Dragging
Material Inputs Needed i B D - Wty =
Fuel
Additional Recommended 'T"ci)ﬁl;)ﬂ::gs[sing - Top r;;gslsing
Input Considerations — A =
Fertilizer
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Green House Gas Sinks

Natural Grass

For natural grasses, the photosynthesis process involves the intake of carbon dioxide and
results in carbon compounds that enter the soil with root growth or when a plant sheds or
dies. These compounds can be stored long-term as soil organic carbon, as well as other soil
organic matter. This is significant in the evaluation of global warming impacts because it
results in a more permanent removal of carbon dioxide from the atmosphere. Also, in
aggregate, the ability of turf to sequester carbon is not insignificant: in 2005, turfgrass
covered approximately 1.9% of land in the continental U.S., making it the most widespread
irrigated crop (Milesi et al., 2005). As such, any evaluation of the emissions of natural
turfgrass should involve the most current and relevant measure that has been proposed for

these impacts.

For the measurement of organic carbon storage, the Athena Institute uses the mean value of
sequestration rates proposed by Qian and Follett’s (2002) of between 0.9 and 1.0 tons of
carbon per hectare per year. These estimates come from soil testing data on golf courses in
Denver and Fort Collins, Colorado (Qian and Follett, 2002). Bandaranayake, et al., (2003)
found similar sequestration rates when modeling organic carbon sequestration in various
geographically-based scenarios. The average rate of accumulation over a 30 year period
was found to be 1.2 and 0.9 t C/ha/yr for Fort Collins and Denver, respectively. As
previously noted, the ability of soil to store organic carbon can be influenced by a multitude
of factors. Post and Kwon (2002) showed this to be true in the case of soils that were
previously disturbed, which were found to have a lower C sequestration rate of 0.33 t
C/ha/yr. These studies indicate that the figure for organic carbon sequestration used by the
Athena Institute may be a bit high for a newly installed field, but are acceptable for a life
time analysis of the [ield.

However, one aspect that the Athena Institute neglects in their calculations is the direct ghg
emissions that occur from natural grass. While research on the total impacts of greenhouse
gases, including absorption and direct emissions, are somewhat nascent, several studies have
looked into the N20 emissions of urban turfgrass. Considerations of these emissions do not
measure the full impacts of the direct emissions from grasses. However, they do serve to
account for some of the impacts of urban grass, and to illustrate the complexities involved in
modeling their global warming impacts.  Much like organic carbon storage, there are
numerous factors that create variability in emissions rates.  Several researchers have
modeled annual fluxes of N>O emissions based on their relationship to temperature, soil
moisture, and soil organic carbon content (Scanlon and Kiely, 2003; Flechard et al., 2007).
Spikes in N.O emissions have been shown to occur in urban turls after nrigation or
fertilization of the field (Guilbault and Matthias, 1998; Kaye et al., 2004; Bijoor et al., 2008;
Hall et al., 2008). Estimates of N-O fluxes from urban turfs range between 0.05 to 0.6 g N
per meters squared per year (Guilbault and Matthias, 1998; Kaye et al., 2004; Groffman et
al., 2009; Townsend-Small and Czimczik, 2010). For our purposes, we will use the
estimates provided by Townsend-Small and Czimezik for annual N2O emissions, which is
the mean of 0.1 to 0.3 g N/m2/yr.
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Recycling of Synthetic Turf at the End of Life

Calculations for the end of life of a synthetic turf are based on the assumption that all
components, except the rubber granule infill, are 100% recyclable. Based on this assumption,
an emissions credit 1s awarded by the Athena Institute for the end of life of the system.
Calculations are made using ICF Consulting’s (2005) report on the ghg emissions factor for
plastic. The materials that are assumed to be recyclable in synthetic turf are: polyethylene from
the turf and primary backing material; polyurethane from a secondary coating; and PVC piping.

The flaw in Athena Institute’s estimates for the end of life emissions for synthetic fields is that
materials may not be recycled just because they are capable of being recycled. In fact, the San
Francisco Recreation and Park Department (2008) notes that the cost and a lack of infrastructure
are an issue with the end-of-life recycling of artificial turf. They note that at the time of the
report’s publishing only one company in the industry recycled turf material. When turf is not
recycled, a large amount of waste must be disposed of at the end of the field's useful life.
According to the City of Larchmont, California, 400 tons of debris is created when an 80,000 sq.
ft. field is replaced (San Francisco Recreation and Park Department, 2008). Given these
concerns, the actual rate of recycling is highly questionable, suggesting that emissions credit
should not be accounted for in synthetic turf systems.

2.8.3 Environmental Impact Conclusions

In general, the environmental impact of natural grass is more complex than those of
synthetic turf. This is due in large part to the fact that natural grass requires the continual
addition of inputs to sustain a field’s health. As with any agricultural practice, draws on
water and the addition of agrochemicals can become problematic. These practices draw on
scarce resources and have the potential to effect surrounding ecosystems. Additionally, the
maintenance of grass is associated with the use of large quantities of fuel, to mow grass to
the appropriate length. The Athena Institute sufficiently shows the weight of these impacts
in regards to global warming. However it is recommended that a more comprehensive
inclusion of material inputs into grass maintenance be calculated in any future life cycle

assessments.

The environmental issues related to synthetic turf mainly revolve around the use and
disposal of materials. Many see the use of recycled waste products for field infill as one of
the primary benefits of artificial systems. However, such systems also require the use of
many virgin materials. As such, the greatest greenhouse gas emissions of either two system
types are the impacts associated with the production of synthetic turf components. These
material impacts increase the total emissions by a multiplicative factor when considering the
entire life cycle, due to related increases in processing and transportation needs.

The validity of the greenhouse gas emissions sinks identified by the Athena Institute is in
need of further consideration. It appears that the evaluations associated with these credits
are either based on some faulty assumptions or do not take all considerations into account.
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3.0 CONCLUSIONS

This report explored the various aspects of crumb rubber and addressed some of the claims made
by various researchers. A look into the existing literature and data supported many of the
assertions made about crumb rubber. Crumb rubber and synthetic turf have many traits that
make it a beneficial choice for athletic surfaces. Some of the findings that were found indicated
that synthetic turf has:

e Excellent Playability — Most literature comparing the play quality of natural and
synthetic fields suggest that the differences between them have miniscule affects on
playability in comparison with variance in the set-up of the field itself. Where
differences do emerge, artificial turf appears to be equal to or better than natural turf, due
to its greater consistency. While such findings are incomplete, because of the lack of
studies that evaluate the newer generations of turf technology, there were no studies that
contradicted the superiority of synthetic turf.

e All-weather Availability — Synthetic turf is praised for its availability in all weather
conditions: more use per year, and a quick install. It can be used quickly after
installation, usually within a few days, rather than the weeks it takes for a sod to become
robust enough for use. Also, it can be used in snow, and in general is not affected by
precipitation due to the drainage system involved. However, high heat can create an
obstacle for synthetic turf use, as the surface can become uncomfortable to play on.
Since there are means to temper such effects, the field can still be made useable. Also,
the use of turfs are not typically greatest during the hottest parts of the year, as sports
seasons typically fall in the late summer through the spring. These impairments do not
compare to the degree to which natural fields are compromised during rain and snow.
With all weather considered, artificial turf has greater availability over natural grass when
taking weather into account.

e Increased Playing Hours — Studies suggest that average hours of playability in a three-
season year for synthetic turfs range between 2,000 and 3,000 hours, with most research
pointing toward 3,000 hours. Natural fields, on the other hand, provide far less
playability, with studies estimating a range between 300 and 816 hours in a three-season
year on average. Weather is an important factor in the reduction of use times for natural
turf. Beyond the weather related losses in the capacity of grass fields, all natural fields
must be given time to “rest” to allow for growth.

¢ Reduced Maintenance — The value of a field can be determined by its availability and
by the amount of maintenance a field requires. Activities that can be classified as
grooming are the most important components of maintenance for both turf types. In
addition, debris control, additional cleaning, and needs-specific maintenance may be
required. In general, natural fields require a more nuanced balance of activities such as
mowing, fertilization, and acration to ensure their health.
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o Cost-effective Investment — synthetic turf fields are typically warranted for about 3,000
hours of play per year, with no “rest” required. For schools with sufficient land, it would
take three or four natural fields to withstand the usage of one synthetic turf field.
Because of its consistent availability, a synthetic turf field is also a reliable source of
rental revenue for schools and communities. The study found that the total cost of
ownership over a ten year period is 10% - 20% less than a natural turf field, while being
70% or even 80% less on a cost-per-use basis.

e Generally Safe Application — 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 clements 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 a safe, cost-
effective, and responsible use for tire rubber.

e Fewer Injuries — Numerous studies have been conducted assessing the likelihood of
injury on natural grass and synthetic turf. A more recent study by Meyers (2010) shows
that the latest generation of synthetic surface, FieldTurf, is safer to play on than natural
grass fields. Through the analysis of the various injuries that occurred over the course of
465 collegiate games, Meyers shows that FieldTurf has lower incidence of: total injuries,
minor injuries (0-6 days lost), substantial injuries (7-21days lost), and severe injuries (22
or more days lost). FieldTurf also had significantly lower injury rates that natural turf
when comparing across play or event type, grade of injury, or various field conditions
and temperatures. In addition, there was no significant difference found in head, knee, or
shoulder trauma between the two playing surfaces.

e  Environmentally Friendly — In general, the environmental impacts of natural grass are
more complex than those of synthetic turf. This is due in large part to the fact that natural
grass requires the continual addition of inputs to sustain a field’s health. These practices
draw on scarce resources and have the potential to effect surrounding ecosystems.
Additionally, the maimtenance of grass is associated with the use of large quantities of
fuel, to mow grass to the appropriate length. The environmental issues related to
synthetic turf mainly revolve around the use and disposal of materials. Many sece the use
of recycled waste products for field infill as one of the primary benefits of artificial
systems. However, such systems also require the use of many virgin materials. As such,
the greatest greenhouse gas emissions of either two system types are the impacts
associated with the production of synthetic turf components. These material impacts
increase the total emissions by a multiplicative factor when considering the entire life
cycle, due to related increases in processing and transportation needs.
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1. PROJECT OVERVIEW

In December 2008, four Connecticut State agencies, the University of Connecticut Health
Center, The Connecticut Agricultural Experiment Station, the Connecticut Department of
Environmental Protection and the Connecticut Department of Public Health, agreed to jointly
develop and implement a study to evaluate the health and environmental impacts associated with
artificial turf fields. The overall objectives of the study were to:

1. Identify comprehensively substances, including organic compounds and elements, which
derive from the crumb rubber infill used on synthetic turf fields, as well as currently
available alternative infill products, through off-gassing and leaching pathways;

2. Establish the level of chemical variability for infill at individual synthetic turf fields and
between different synthetic fields in Connecticut;

3. Measure levels of off-gassed compounds and airborne particulate matter in the normal
breathing zone of children during a "simulated worse-case scenario" at athletic field(s) in
Connecticut (inhalation risk);

4, Measure levels of leached compounds in storm water runoff collected in actual field
conditions (environmental risk); and

5. Utilize collected data to make environmental and public health risk assessments
regarding outdoor artificial turf fields.

The Department of Environmental Protection (“DEP”) was specifically tasked with: (1)
collecting stormwater runoff samples from the four artificial turf fields selected for the study; (2)
analyzing the stormwater samples for levels of compounds leached from the artificial turf
materials; (3) scientifically evaluating the laboratory analysis results; and (4) developing an
environmental risk assessment for the artificial turf fields.

This report is not intended to be a comprehensive investigation of the environmental risks
associated with artificial turf fields, but a basic assessment of water quality data collected from a
limited number of fields during a three-month period. It should be understood, that the ultimate
conclusions in the report are based on eight stormwater sampling events, essentially a
“snapshot”, of an ongoing chemical and physical process.

2. SITE SELECTION

The four artificial turf fields selected for DEP’s stormwater sampling plan were the same fields
sampled in the summer of 2009 by the University of Connecticut Health Center for airborne
contaminants. Specific field selection criteria included: crumb rubber infill, owner permission,
installation date, different manufacturers and site location. The owners of the selected four fields
provided engineered drainage plans to DEP. DEP staff reviewed the drainage plans and
established sampling points that only collected stormwater draining from the artificial turf field.

3. ARTIFICIAL TURF FIELD SYSTEMS

The artificial turf fields selected were installed by different engineering, synthetic turf and
construction companies, but are similar in general design. The fields are composed of a top layer



of polyethylene or polypropylene grass fibers, with a crumb rubber (sometimes intermixed with
sand) infill layer, and underlain by crushed stone/gravel with a piped drainage system (sce
Figures 1 and 2 below).

Figure 2. (source: www.suncountrysystems.com/.../syntheticgrass.jpg)
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The critical field component for this study is the infill layer, which includes crumb rubber
materials produced from recycled tires. The infill layer can be composed of entirely styrene-
butadiene rubber (SBR) granules, produced by ambient and/or cryogenic grinding process, or
intermixed with quartz crystals (sand). The assumption for this study, and the sampling plan, is
that precipitation lands on the surface of the artificial turf field, flows downward through the
infill and rock/gravel layers, collects in the subsurface drain pipes and then ultimately discharges
from the field. The artificial turf drainage pipes often discharge to existing subsurface drainage



systems at catch basin and/or manhole connections. The subsurface drainage pipes utilized
under the fields can be solid or perforated.

4. SAMPLING PROTOCOLS

DEP staff reviewed EPA protocols and previous artificial turf leaching studies and established
the following stormwater sampling plan:

1. Sampling Plan
a. One sampling station was established at each of the four artificial turf fields;

b. The sampling stations were located at a point where runoff was only from the
artificial turf field;

c. The size of the drainage area (in square feet) to each sampling station was
calculated;

d. Grab samples were collected and delivered to the laboratory by qualified
individuals during the fall of 2009; and

e. Samples were analyzed by an EPA certified laboratory.

2. Storm Event Criteria
a. Samples were collected from discharges resulting from a storm event that was
greater than 0.1 inch in magnitude and that occurred approximately 72 hours after
any previous storm event of 0.1 inch or greater;
b. Grab samples were collected during the first 30 minutes of a storm event
discharge, or as close thereto as possible, and were completed as soon as possible;
c¢. The following information was collected for the storm events monitored:
i. The date, temperature, time of the start of the discharge, time of sampling,
and magnitude (in inches) of the storm event sampled; and
ii. The duration between the storm event sampled and the end of the previous
measurable (greater than 0.1 inch rainfall) storm event.

3. Sampling Procedures
a. Grab sample collection, chain of custody and laboratory delivery were performed
in accordance with the EPA NPDES Stormwater Sampling Guidance Document
(EPA 833-B-92-001, 7/92); http://www.epa.gov/npdes/pubs/owm0093.pdf
b. Laboratory analysis of grab samples included the following:
i. Acute Toxicity 48 hour LC50 Daphnia pulex & 48 hour and 96 hour LC50
Pimephales promelas (EPA 821-R-02-012).
ii. EPA Method 130.1, Hardness, Total (mg/L as CaCOs3)
iii. EPA Method 150.2, pH
iv. EPA Method 200.7, (Antimony, Arsenic, Barium, Cadmium, Chromium,
Cobalt, Copper, Lead, Manganese, Mercury, Molybdenum, Nickel,
Selenium, Thallium, Vanadium and Zinc)
v. EPA Method 624, Volatile Organic Compounds
vi. EPA Method 625, Semivolatile Organic Compounds (TIC’s for
Benzothiazole, Butylated hydroxyanisole (BHA), n-hexadecane and 4-(t-
octyl) phenol.




6. DEP STORMWATER SAMPLING RESULTS

a) Method 624/Method 625 and Tentatively Identified Compounds(TICs):

No standard volatile or semi-volatile organic compounds were detected in any sample using the
EPA 624 and 625 analytical methods. All samples were analyzed for non-standard semi-volatile
organic compounds, including the following rubber compounds benzothiazole, butylated
hydroxyanisole (BHA), n-hexadecane and 4-(t-octyl) phenol. The semi-volatile analysis
detected the analytical peaks of twenty-two compounds, of which nine were tentatively identified
(see Table B below). The concentrations of these compounds ranged from 1 ug/l to 150 ug/L.
The grey columns in Table B correspond to the three stormwater samples determined to be
acutely toxic. Table C details the aquatic toxicity information found for the other tentatively
identified compounds listed in Table B.

b) Pesticides and PCBs (Method 608)

Pesticides

Pesticides were detected in the samples of stormwater collected on September 11, 2009 from
Field C and on October 28, 2009 from Field D. DEET and heptachlor were detected at estimated
concentrations of 6.9 ug/l and 0.18 ug/l, respectively. It is assumed that these substances were
not derived from the artificial turf, but were a result of pesticide applications at the site.

PCBs

No PCBs were detected during the stormwater sampling events.
c) pH, Hardness and Metals:

The results from the pH, hardness and metals analysis conducted on the stormwater runoff from
the fields are presented in the table below.

pH

The pH of the stormwater samples ranged from 6.6 to 8.0. The pH of stormwater in Connecticut
is generally considered to be between 5.6 and 6.0. Based on this fact, the pH of the stormwater
samples are more alkaline than expected. It is possible that the crushed stone used as a sub-base
in the fields affected the pH of the stormwater as it drained through the field.

The pH alone does not exhibit toxic effects unless it falls below 5 or is higher than 10. However,
metals are often more soluble and toxic at lower pH’s. The observed neutral pH in the
stormwater may have reduced the concentrations and toxicity of the metals leaching from the
fields.
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Hardness

The hardness of the stormwater samples ranged from 8 to 59 mg/L. Hardness in the range of 0 to
60 mg/L is generally termed “soft”. Hardness can also influence the toxicity of metals; the
greater the hardness, the less toxic the metals. It is not expected that the observed hardness had
much effect on metal concentrations in the stormwater.

Metals

The metal parameters which had results reported above the detection limit are listed in Table C
below. Silver, molybdenum, thallium and beryllium were analyzed but were below the detection
limit for every sample. In Table C, the values bolded and underlined exceed Connecticut’s acute
aquatic life criteria. Metal concentrations in excess of the acute aquatic life criteria for more
than one hour could cause mortality to the more sensitive organisms in the receiving surface
waters. The values bolded meet or exceed Connecticut’s chronic aquatic life criteria. Average
metal concentrations which exceed the chronic life criteria for more than 4 continuous days are
expected to impact the ability of organisms to survive, reproduce or grow. EPA recommends
that neither of these criteria be exceeded more than once in three years (EPA TSD EPA/505/2-
90-001). The samples highlighted in grey also exhibited acute toxicity. Since stormwater is an
intermittent discharge, the acute criteria for aquatic toxicity are more applicable. A review of the
data indicates that only zinc consistently violates the acute criteria.

TABLE D

G 11/20/09 8 56 153 4 30 7 160 110 9
H 12/3/09 8 58 147 4 20 5 170 100 8
acute <5.0 14.3 65 2000 780 150
standard  >1Q
chronic <5.0 4.8 65 220 1000 87 44

standard  >1Q
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d) Aquatic Toxicity

The toxicity tests conducted on the stormwater measured both an LC50 value (the concentration
of stormwater that is lethal to 50% of the test organisms) and an NOAEL (No Observable Acute
Effect Level, the concentration of stormwater where no acute toxicity is observed). Toxicity tests
conducted on the samples of stormwater collected indicate that 3 out of 8 sampling events were
acutely toxic. Acute toxicity is observed when there is less than 90% survival of the test
organisms in the undiluted effluent. The frequency of occurrence for acute toxicity was at least
one sample per field. Where both Pimephales promelas(Pp) and Daphnia pulex(Dp) toxicity
tests were conducted, the fathead minnow (Pimephales promelas) seemed to be slightly more
sensitive to the contaminants in the stormwater discharge. Due to laboratory issues, the test
duration for the fish, Pimephales promelas, for the October 18, 2009 Field A and Field D
samples was limited to only 48 hours. If the test duration was extended to 96 hours, both
samples could have had an LC50 value less than the 100% reported. The results for the aquatic
toxicity testing conducted are shown in Table E below.

TABLE E

10/28/2009

G 11/20/2009 100.0 >100 100 100.0 >100 100

H _12/3/2009 100.0 >100 100 95 >100 100

7. CAES LABORATORY HEADSPACE AND LEACHING RESULTS

The CAES performed both headspace (off-gassing) and SPLP (Standard Precipitation Leaching
Procedure) evaluations on seventeen samples of crumb rubber materials used as infill for
artificial turf fields. These studies indicated the primary contaminants likely to be found in the
stormwater coming from these sites. Organic compounds were identified by head space analysis,
with results shown in Table F below. The other organic compounds detected from the crumb
rubber infill, but not quantified in the analysis, included hexadecane, fluoranthene, phenanthrene
and pyrene.

11



TABLE F. (Table 2. From CAES 2009) Concentration (ng /ml) of Volatile Compounds in
Headspace Over Crumb Rubber Samples Analyzed at CAES (average of two analyses per sample)

0.13 0.19 0.28 3.98 n.d. 0.42 0.50

0.11 0.15 0.31 5.59 n.d. 0.31 0.61
0.03 0.07 0.19 8.67 n.d. 0.10 0.68
0.04 0.07 0.31 6.52 0.15 0.16 0.69
0.08 0.09 0.23 2.35 0.09 0.23 0.46
0.08 0.14 0.31 4.89 0.12 0.23 0.75
0.13 0.20 0.52 3.50 n.d. 0.23 0.69
0.06 0.10 0.18 1.93 n.d. 0.22 0.43
0.03 0.06 0.13 2.89 0.13 0.08 0.50
0.07 0.11 0.22 4.91 0.13 0.20 0.64
0.04 0.06 0.30 3.94 0.16 0.11 0.62
0.08 0.14 0.46 2.70 0.13 0.28 0.64
0.09 0.12 0.45 4.45 n.d. 0.30 0.65
0.10 0.15 0.49 4.25 n.d. 0.31 0.65
n.d. n.d. 0.43 1.21 0.67 0.09 0.36
n.d. n.d. 0.07 1.29 0.48 0.06 0.35
n.d. n.d. 0.06 1.03 0.40 0.05 0.34

CAES also performed simulated weathering experiments on the crumb rubber samples to
determine trends in organic compound emissions over time. The weathering test results show
that, except for 4-(t-octyl)-phenol, all other detected volatile compounds significantly decreased
in concentration after only 20 days of outdoor exposure. By the end of the eight week study,
benzothiazole, butylated hydroxanisole and 4-(t-octyl)-phenol were detected at the highest
concentrations. The results are shown in Table G. below.

TABLE G: (Table 9 from CAES, 2009) Concentrations (ng /ml) of Volatile Compounds in
Headspace Over Crumb Rubber Samples Aged at CAES (average of two analyses per sample)

i ) iy tylal

T0 3.75 0.12 0.24 0,40 0.35 077

T1 1.95 0.05 0.09 0.12 0.28 0.45
T2 0.97 0.04 0.06 0.06 0.31 0.40
T3 1.56 0.04 0.07 0.08 0.31 0.44
T4 177 0.04 0.08 0.08 0.30 0.43
T5 1.59 0.05 0.07 0.10 0.30 0.48
T6 1.20 0.04 0.06 0.05 0.25 0.36
T 0.99 0.04 0.06 0.04 0.24 0.33
T8 1.17 0.05 0.05 0.06 0.23 0.41

CAES also performed an SPLP test on the same seventeen samples of the crumb rubber infill
material. The resulting leachate was then analyzed for metals and organic compounds. Based on
communications with CAES, the leachate contained the same organic compounds that were
identified in the head space analyses, however, only benzothiazole concentrations were estimated
for the test. A summary of compounds detected and their concentrations are listed in Table H
below. Based on these results, the predominant contaminant leaching from artificial turf fields is

12




zinc, followed by barium, manganese and lead. It should be noted some metals associated with
tires and rubber products were not analyzed in this experiment, such as iron and vanadium.

In Table H, the values which exceed Connecticut’s acute aquatic life criteria are highlighted in
yellow, The summary shows that zinc is present in the leachate at concentrations about 500
times greater than the toxicity criteria. The leachate study indicates that there is a high potential
for the artificial turf to leach acutely toxic levels of metals especially copper and zinc. Certain
samples of crumb rubber also leached acutely toxic levels of cadmium, barium, manganese and
lead.

TABLE H

_Benzothiazole ' Cr  Mn

0.153 6.24 26316 19.88 335 1.60 313.88
| 0209 1128 34845  27.48 150 0.50 463,62
Max 0.268 31.47 | 1443491 57.15 27.94 47,01 502.91

~3200.000

8. DISCUSSION

a) Potential Contaminants

The analyses performed on the stormwater samples were focused on compounds previously
documented to leach from crumb rubber material derived from recycled tires, primarily volatile
organic compounds, semi-volatile organic compounds and metals. The stormwater samples were
also assessed for whole effluent toxicity. Other potential parameters of concern in the
stormwater were identified from the results of the CAES off-gassing and leaching laboratory
studies performed on the crumb rubber material.

b) Organic compounds

The stormwater generated at the artificial turf sites did not include many readily identifiable,
volatile or semi-volatile organic compounds, as evidenced by no detections using EPA Methods
625 and 624. Additional semi-volatile compound investigations were performed on the
stormwater samples, resulting in nine tentatively identified compounds and thirteen unidentified
chromatograph peaks. Benzothiazole, which CAES also detected in their leaching analysis, was
identified in the September 27 and October 7, 2009 samples from Field A at concentrations of 1
and 4.9 ug/l, respectively. Of the compounds that were tentatively identified such as
benzothiazole, pentanoic acid, and thiopenes, none of these compounds are considered
particularly toxic to aquatic organisms at the estimated concentrations.

13



Although it is not possible to determine the potential impact of the unidentified semi-volatile
compounds, it is important to note, that the six highest concentrations of the unidentified semi-
volatile compounds detected (150 ug/l, 28 ug/l, 14 ug/l, 12 ug/l, 10 ug/l and 9.5 ug/l) did not
correspond to the three acutely toxic samples of stormwater determined in the study.

The results from the CAES laboratory headspace, leaching and simulated weathering tests
suggest that benzothiazole, 4-(t-octyl)-phenol, 1-methyl naphthalene, 2-methyl naphthalene,
naphthalene, butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) are the
likely semi-volatile compounds to be found in the stormwater discharge from artificial turf fields.
The test results also suggest that Benzothiazole, 4-(t-octyl)-phenol and butylated hydroxytoluene
(BHT) would be the most persistent SVOCs in the crumb rubber as the artificial turf fields aged.

Comparing the VOCs and SVOCs results to EPA’s Maximum Contaminant Levels for drinking
water (MCLs) and DEP’s Remediation Standards Regulations, Section 22a-133k-1 through 22a-
133k-30f the Regulations of Connecticut State Agencies (June 1996), no exceedences of
groundwater standards have been identified.

Based on our results, no VOCs or SVOCs have been identified as risks to surface and
groundwater resources.

c) Metals

The laboratory leaching analyses performed by CAES as part of the State of Connecticut
Artificial Turf Study detected the following metals: arsenic (As), barium (Ba), cadmium (Cd),
chromium (Cr), lead (Pb), manganese (Mn), nickel (Ni), and zinc (Zn). Zinc was present in
concentrations orders of magnitude greater than the other metals. CAES’s leaching analyses
indicated that both copper (Cu) and zinc (Zn) concentrations exceeded acute aquatic toxicity
criteria for 80% of the tests, with limited (<20%) exceedences of acute criteria for cadmium

(Cd), manganese (Mn) and lead (Pb).

The stormwater analysis results show that the artificial turf fields in our study leached
significantly less contaminants, specifically zinc and copper, than predicted by the CAES
leaching test results. The lower metal concentrations observed in the stormwater could be a
result of alkaline pHs, the weathering (2-4 years since installation) of the crumb rubber infill, or
the conservative approach inherent in the SPLP methodology.

The stormwater analysis results showed that zinc was the only metal to exceed the acute aquatic
toxicity criteria (65 ug/l), with one exceedence at each of the three study fields. The overall
mean concentration of zinc in the stormwater samples analyzed was 84 ug/l, with a maximum of
260 ug/l and a minimum of 10 ug/l. The stormwater analysis results showed that aluminum,
barium, copper and zinc all exceeded chronic aquatic toxicity criteria at least once during the
sampling. Since chronic toxicity criteria apply to four days of continuous discharge, these
exceedences are not of significant concern for these intermittent discharges.

No metal concentrations exceeded EPA’s and DEP’s drinking water standards. However, the
concentration of zinc in three stormwater samples did exceed the surface water protection
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criteria of 123 ug/l established in the Appendix D to Sections 22a-133k-1 through 22a-133k-3 of
the Regulations of Connecticut State Agencies Surface-water Protection Criteria for Substances
in Ground Water (June 1996). Since the mean concentration of zinc in the stormwater samples
(84 ug/l) is below the surface water protection criteria, the discharge from the artificial turf fields
to groundwater is intermittent, and zinc is immobilized in soils by adsorption, absorption and
precipitation, the potential for impacts to surface waters being recharged by this groundwater is
minimal.

Based on our results, zinc has been identified as a potential risk to surface waters. No other
metals have been identified as a risk to groundwater or surface waters.

9. ENVIRONMENTAL RISK ASSESSMENT
a) Potential Risk to Surface Waters

The only potential risk to surface waters identified in the stormwater collected from the artificial
turf fields is zinc, since it was the only chemical parameter that was detected above the acute
aquatic life criteria of 65 ug/l. Acute toxicity is assumed to occur when the zinc concentration
in-stream exceeds 65ug/l for one hour in any three year period. In three of the eight stormwater
samples analyzed, zinc concentrations were detected at 130, 150 and 260 ug/l, well above the
acute aquatic life criteria. It is important to note, that the three stormwater samples with acutely
toxic levels of zinc were also determined to exhibit aquatic toxicity (<90% survivorship) for both
species Pimephales promelas and Daphnia pulex in the whole effluent toxicity testing.

Other than the acute aquatic toxicity criteria, there are no specific zinc standards or permit limits
that are applicable to artificial turf fields. For industrial sites that discharge to surface waters,
DEP has set a stormwater general permit guideline (Section 5 (c) (1) (F) (i) of the General
Permit) for total zinc of 200 ug/l. This industrial stormwater total zinc guideline assumes a
default 5:1 dilution factor for the receiving surface water at the 7Q10 flow. The 7Q10 is the
lowest flow expected to occur for seven continuous days at a frequency of every 10 years. The
7Q10 flow is the critical low flow used when evaluating toxicity and toxic impacts (CT WQS
2002). Based on the results of our study, the stormwater discharges from artificial turf fields
would not be expected to regularly exceed this zinc limit.

However, the estimated 7Q10 flows for the receiving watercourse from Fields A, C and D did
not meet the 5:1 dilution factor for stormwater discharges from artificial turf football fields
(57,600 square feet), assuming a one inch rain storm over one hour with direct discharge to the
watercourse over an hour. It is important to note, that this a conservative approach, which
assumes the watercourse receives no other stormwater runoff from its representative watershed.
For the three receiving streams in the study, the highest dilution factor at the DEP estimated
7Q10 flow was equivalent to a 0.14:1 ratio. Given this dilution ratio of the receiving streams in
the study, there is a potential for acute toxicity due to zinc loading.

Since zinc concentrations in stormwater from artificial turf fields may pose a risk to surface

waters, especially to smaller watercourses, it is important to note that these fields are not the only
sources of stormwater runoff in any given watershed. During the sampling at Fields A, C and D,
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DEP staff observed stormwater runoff, generated by acres of parking lots, roadways and
buildings, entering the same drainage systems that collected runoff from the artificial turf fields.
Based on these observations, it appears that stormwater runoff from the artificial turf fields is
combined with the runoff from the adjacent impervious surfaces prior to ultimate discharge at the

site.

This is an interesting phenomenon, since the levels of zinc in urban runoff are comparable to the
concentrations detected in the discharge from artificial turf fields. It has been well established
that urban runoff contains many contaminants such as nutrients, suspended solids, hydrocarbons
and heavy metals, including zinc. The average concentration of zinc in urban stormwater runoff
has been estimated at 129 ug/l in recent studies (Smullen 1998). EPA’s Nationwide Urban
Runoff Program (NURP) has collected runoff data and determined that for urban sites the
median concentrations of total zinc ranged from 179 -226 ug/l. The National Stormwater
Quality Database (NSQD, version 1.1), dated February 16, 2004, compiled zinc concentration
data in runoff from various land uses across the United States, which is shown in Table L below.

TABLE 1
Land Uses _ Zinc Total (ug/l) Median
(All Uses) 117
: 73
99.5
150
135
210
160
305
200
90
40
88
84 (mean)

Since zinc concentrations in the runoff from artificial turf fields are consistent with those
associated with urban runoff, it would be a logical step to apply the same best management
practices (BMPs) to mitigate the toxicity effects to surface waters. The 2005 Stormwater
Management Manual for Western Washington specifically recommends the following BMPs to
remove dissolved zinc (and other metals) from stormwater runoff: stormwater treatment
wetlands, wet ponds, infiltration structures, compost filters, sand filters and biofiltration
structures. The 2004 Connecticut Stormwater Quality Manual suggest the same measures since
these treatment practices incorporate biological removal mechanisms that are more effective in
removing pollutants than systems that strictly rely on gravity or physical separation of particles
in the stormwater. The 2004 Connecticut Stormwater Quality Manual further recommends a
treatment train approach, which provides a series of BMPs each designed to provide targeted
pollution control benefits.
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The University of New Hampshire Stormwater Center has ficld tested many of these stormwater
BMPs that demonstrate significant removal of dissolved zinc. For example, the Retention Pond,
Subsurface Gravel Wetland and Bioretention System (Bio II) stormwater treatment measures,
over a two year period, removed between 90% and 100% of the soluble zinc, based on a median
annual influent Event Mean Concentrations (EMC) of 60ug/I (see Appendix B for fact sheets).
The three highest zinc concentrations detected in the stormwater from artificial turf fields in our
study were 130, 150 and 260 ug/l, respectively. Assuming 80% removal of zinc from the
stormwater prior to discharge to surface waters, all three of the highest zinc concentrations
would meet the acute aquatic toxicity criteria (26, 30 and 52 ug/l, respectively). To mitigate the
risk to aquatic life and surface waters, the DEP strongly recommends that the aforementioned
stormwater best management practices be incorporated into the design of the drainage system for
artificial turf fields.

10. ENVIRONMENTAL RISK ASSESSMENT IN RECENT STUDIES

Several other studies were conducted to determine the risk to surface waters and groundwater
from the stormwater discharges from artificial turf fields. Since artificial turf fields can either
discharge to groundwater or surface water, the ecological risks must be evaluated for both
potential pathways. This was confirmed by Nillson et al (2008), that drainage from artificial turf
fields can enter the environment by either seeping through the underlying soil and potentially
contaminate the groundwater, or alternatively, by stormwater runoff entering the adjacent
watercourses.

a) Overall Surface Water Contamination Risk

1) Organic Compounds

The studies conducted by Plesser (2004) indicated that concentrations of the common polycyclic
aromatic hydrocarbons (PAHs) anthracene, fluoranthene and pyrene, as well as nonylphenols,
would exceed the limits for freshwater specified in the Canadian Environmental Quality
Guidelines. Torsten (2005) from the Norwegian Institute for Water Research (2005) also
predicted that concentrations of alkyl phenols and octylphenol in particular would exceed the
limits for environmental effects in the scenario which was allowed a 10:1dilution of run-off.
Torsten (2005) further determined that the leaching of chemicals from the materials in the
artificial turf system would decrease slowly, so that environmental effects could occur over many
years. However, Torsten (2005) anticipated only localized impacts due to the relatively small
concentration of the leaching pollutants. The SVOCs analysis of the stormwater in our study,
utilizing EPA Method 625, and a specific search for 4-(t-octyl)-phenol, detected no anthracene,
flouranthene, pyrene or standard phenol compounds.

Kolitzus (2006) detected no appreciable PAHs concentrations in the runoff analyzed from
artificial surface systems. The PAHs that were found above detection limit were ubiquitous
substances in the environment. The PAH concentrations in the unbound supporting layer were
determined to be in the range of analytic determination limit (0.02 pg/l). The sum of all 16 PAHs
was 0.1 to 0.3 pg/l. Similarly, in a recent New York study (Lim et al 2009), no standard organics
were detected utilizing EPA Method 624 and 625 in the stormwater sample collected. The
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SVOC analysis of the stormwater in our study, utilizing EPA Method 625, detected no standard
PAHs.

In surface systems with EPDM and recycled rubber infill, Kolitzus (2006) found several
aromatic amino complexes and benzothiazole detected in the range of 10 — 300 pg/l. These
concentrations were similar to the results of simulated normal tire wear tests. Lim et al (2009)
reported a semi-volatile rubber compound, benzothiazole, at 1,000 ug/l as a Tentatively
Identified Compound (TIC) in one stormwater sample. The SVOC analysis of the stormwater in
our study, utilizing EPA Method 625, detected no standard aromatic amines, but further TIC
analysis did detect identified and unidentified organic compounds. Benzothiazole was detected
in two stormwater samples at estimated concentrations of 1.0 and 4.9 ug/l, respectively, which is
significantly lower than concentrations found by Lim et al (2009). The Connecticut acute and
chronic toxicity benchmark for benzothiazole are 21,333 ug/l and 3,200 ug/l, respectively, based
on available toxicity information. The estimated concentrations of benzothiazole are
insignificant compared to both the acute and chronic toxicity criteria. Also, a number of
unidentified organic compounds were detected during the SVOC TIC analysis at concentrations
ranging from 1 ug/l to 150 ug/l, with a median concentration of 6.6 ug/l. The 10/7/09 Field C
stormwater sample, which the maximum unidentified compound concentration of 150 ug/l was
detected in, was not found to be acutely toxic.

The results from our study appear to be consistent with the results from Kolitzus (2006) and Lim
et al (2009), including the detection of benzothiazole in the stormwater samples. Overall, our
study did not identify any organic compounds at sufficient concentrations to be considered a
potential contamination risk to surface waters. '

2) Metals

Based on our analysis of the stormwater collected from the artificial turf fields, zinc is the only
metal detected in concentrations which could pose a risk to surface water resources. This finding
is consistent with many recent studies which analyzed leachate and stormwater from crumb
rubber infill, which indicate that zinc is the primary contaminant of concern coming from
artificial turf sites. In sites with limited dilution both the Norwegian Pollution Control Authority
(2005) and Verschoor (2007) conclude that the concentration of zinc in the leachate would
exceed applicable water quality standards. The Norwegian Pollution Control Authority classifies
artificial turf runoff as Environmental Quality Class V (very strongly polluted water) due to the
high concentration of zinc in the leachate. The risk assessment conducted by Norwegian
Institute for Water Research (2005) shows that the concentration of zinc poses a significant local
risk of environmental effects in surface water which receives run-off from artificial turf fields.

Verschoor (2007) also conducted a risk assessment concluding that the estimated concentrations
of zinc in the drainage water from artificial football fields to be between 1100-1600 ug/L. This
concentration exceeded the Dutch legal criterion for surface water Maximum Permissible
Chronic Concentration (MPC) of 40 ug/1 by a factor of 27-40. Verschoor explained that drainage
water concentrations would be diluted in the receiving surface waters, but indicated that zinc in
“small ditches” could exceed MPA (Maximum Permissible Acute). Verschoor espoused a
general discharge impact rule that only 10% of the permissible concentration of a contaminant (=
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4 ug/l) may be consumed by a particular source. This would imply that the concentration of zinc
in smaller receiving water would exceed the water quality criteria by a factor of 45-80.
Verschoor identified zinc as a potential eco-toxicological risk to surface water, but did indicate
that if the crumb rubber were to be replaced by infill materials with a lower zinc emission, the
pollutant concentrations in runoff and adjacent surface water should drop quickly.

Lim et al (2009) conducted a mathematical assessment of the risks to aquatic life from crumb
rubber leachate based on the SPLP test results for zinc, aniline and phenol. Based on these
concentrations, NYSDEC’s Division of Fish, Wildlife and Marine Resources concluded that
there may be a potential aquatic life impact due to zinc being release from crumb rubber solely
derived from truck tires. However, New York State also concluded that an impact is unlikely if
the crumb rubber material is from mixed tires and concentrations of zinc from a column test were
used rather than the SPLP. It should be noted, that for the column test to better simulate field
conditions, the material in the column must reflect local soil conditions and pH.

Several recent studies analyzed stormwater samples collected from artificial turf fields for
metals. Lim et al (2009) and Kolitzus (2006) detected concentrations of zinc at 59.5 ug/l and 20
ug/l, respectively. Milone and MacBroome (2008), conducted field studies and detected zinc in
the stormwater from four of the six sampling dates , with a maximum concentration of 31 ug/l
which is below acute aquatic toxicity criteria of 65 ug/l.

The zinc concentrations in our stormwater samples were significantly higher than those of Lim,
Kolitzus and Milone and MacBroom, with three of the eight the samples tested exceeding acute
surface water quality criteria. If not mitigated with appropriate stormwater treatment measures,
the zinc concentrations found in our study could contribute to the environmental risk of aquatic
organisms in surface waters.

3) Aquatic Toxicity

Wik (2006) studied the toxicity of various tire brands and determined that different formulas for
rubber contributed to varying degrees of toxicity in the leachates to Daphnia magna. By
conducting a toxicity identification evaluation on various tire leachates (EPA 600/6-91/003),
Wik determined that although zinc was prevalent, the semi-volatile non polar organics also
heavily influenced the toxicity of the resulting leachate. Passing the simulated tire leachates
through carbon filters was the only manipulation that consistently reduced toxicity. Compared to
the results from Milone and MacBroom (2008), this study reported significantly higher levels of
both aquatic toxicity and zinc. This study found that three of the eight stormwater samples tested
were acutely toxic to both the invertebrate (Daphnia pulex) and the fathead minnow (Pimephales
promelas). These acutely toxic samples directly coincided with the exceedences of the acute
aquatic life criteria for zinc. Consequently, zinc seems to be the primary pollutant of concern.
This study indicates that there is risk associated with whole effluent toxicity and zinec.

b) Overall Groundwater Contamination Risk
Stormwater from the fields can impact groundwater directly by percolating through the artificial

turf via an “open” underground drainage system (perforated pipes, coarse bedding materials,
stone trenches). The stormwater discharges to the underlying soil layers, and ultimately, enters

19



the ground water. Based on the nature of the underlying soil and the depth to groundwater, the
field stormwater is likely to physically and chemically interact with a mineral soil layer (vadose
zone) prior to encountering groundwater. This stormwater/soil interaction would be affected by
pH, volume of stormwater and soil characteristics, such as moisture, chemistry, mineralogy, soil
texture, hydraulic conductivity and drainage class. These interactions would likely influence the
concentrations of contaminants found in the groundwater.

There are two primary concerns with the contamination of groundwater in the environment - the
threat to drinking water and the threat to surface water resources via groundwater recharge.
Several other studies were conducted on the crumb rubber fill from 2004 to 2009;
(Plesser(2004), Nillson et al (2008), the Norwegian Institute for Water Research (2005) ,
Verschoor, A.J., RIVM Report 601774011/2007(2007) Study, (Milone & MacBroom Study
2007),NYSDEC May 2009 an Kolitzus, Hans J. (2006). These studies compared the relative
concentration of contaminants found in laboratory leachates and/or artificial turf generated
stormwater with various drinking water and aquatic life criteria.

1) Organic Compounds

It should be noted that substances, to a varying degree, will be absorbed by the sand/clay layers
which the drainage water passes. Although Nillson et al (2008) found that concentrations of
nonylphenols in the contact water from leaching tests were in the order of 20-800 times above
the threshold values for drinking water, it was uncertain as to whether this concentration would
be significant in the actual groundwater. The EPA aquatic life acute criteria for nonylphenol for
freshwater and saltwater resources are 28 ug/l and 7.0 ug/l, respectively. It is important to note
that nonyphenol has been associated with the disruption of fish endocrine systems at
concentrations below EPA’s criteria. No data was available for phthalates and nonylphenols
under such realistic conditions from lysimeter data. Nillson determined that the assessment of
the impact on water systems also requires more realistic lysimeter tests or measurements on
drainage water from artificial turf fields over time.

Plesser (2004) compared leachate results with Canadian Environmental Quality Guidelines for
ground water. Groundwater guidelines are developed for both protection of drinking water and
protection of surface water via groundwater recharge. Plesser identified anthracene,
fluoranthene, pyrene and nonylphenols as compounds in the leachate that could exceed the more
protective criteria for groundwater. Plesser also concluded that analyzing possible paths and
changes in leaching properties over time is necessary to determine the degree to which the
concentrations of these compounds are actually harmful to people and the environment.

Lim et al (2009) conducted a leachate (SPLP) test on rubber crumble material, and analyzed for
zinc, phenol and aniline. The results from recent leaching studies indicated a potential for
release of aniline, benzothiazole, phenol, and zinc to the groundwater. However, concentrations
of the organic contaminants analyzed were below levels that would impose a risk to drinking
water. Lim also collected 32 groundwater samples from wells installed downgradient of four
artificial turf fields and analyzed them for SVOCs, including aniline and benzothiazole, using
SW-846 Method 8270C. The wells were installed in sandy textured soils with depth to the
groundwater ranging from 8.3 to 70 feet. All test results were below the limit of detection for all
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groundwater samples analyzed. Based on test results of 32 samples, no organics were detected in
the groundwater at the turf fields.

Our results are consistent with the leachate and groundwater sampling results in Lim et al (2009).
The concentrations of organic compounds in our study did not exceed groundwater protection
criteria.

2) Metals

In general, metals are immobilized in soils by adsorption, absorption and precipitation. All of
these, mechanisms impede movement of the metals to ground water. Metal-soil interaction is
such that when metals are introduced at the soil surface, downward transportation does not occur
to any great extent unless the metal retention capacity of the soil is overloaded, or metal
interaction with the associated waste matrix enhances mobility.

Zinc is the most prevalent contaminant in the leachate and stormwater studies. In several of
these studies, zinc concentrations measured in leachate exceeded drinking water standards. Most
of the zinc in soil is absorbed to the soil as zinc hydroxide or oxide and does not dissolve in
water. Zinc does show moderate mobility under relatively acid soil conditions (pH 5-7) because
of increased solubility and formation of soluble complexes with organic lignands (Elliott et al.
1986; Stevenson and Fitch, 1986; Klamberg et al. 1989). Zinc is retained in an exchangeable
form at low pH in iron and manganese oxide dominated soils but becomes non-exchangeable as
the pH was increased above 5.5 (Stahl and James, 1991). Therefore, depending on the acidity of
the soil and water, some zinc may reach groundwater.

Nillson et al (2008) determined that although leachate concentrations of zinc were in excess of
the drinking water quality standards, similar concentrations were not observed in (field)
lysimeter tests. Nillson concluded that the concentration of zinc in the lysimeter tests were a
more accurate reflection of zinc in the groundwater and, therefore, zinc concentrations would not
exceed drinking water standards.

Lim et al (2009) was the only study that did not report concentrations of zinc in the SPLP
leachate that exceeded drinking water standards.

Verschoor (2007) concluded that, for the majority of situations, the risks of zinc to public health
are minimal since it is not very toxic to humans and the World Health Organization (WHO)
drinking water criteria was not exceeded in tests. However, Verschoor (2007) did note that in
sandy areas discharges to groundwater may exceed Dutch Intervention Values by a factor of 1.5
to 2.2. In sandy soils, infiltration of water with dissolved zinc will result in weak binding of zinc
to the soil matrix and could cause protection criteria to be exceeded by a factor of 12. Verschoor
concluded that zinc was a potential eco-toxicological risk to groundwater and soil.

Plesser (2004) and CAES (2009) indicated that zinc was the most likely contaminant to exceed
drinking water standards in the leachate. All studies indicate that, although compounds were
present in the leachate or stormwater, it was uncertain as to what affect the underlying soils and
groundwater would have on the actual concentration of contaminants in the groundwater. Actual
groundwater testing may be necessary to determine the impact.
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The leachate results reported by CAES showed zinc concentrations up to ten times the drinking
water standards and up to 500 times the surface water protection criteria. Our study detected
concentrations of zinc in the stormwater significantly lower than CAES results, with no
exceedences of drinking water standards and no significant concerns for groundwater quality. It
is important to note that no groundwater samples were collected for our study.

11. CONCLUSIONS

The DEP concludes that there is a potential risk to surface waters and aquatic organisms
associated with whole effluent and zinc toxicity of stormwater runoff from artificial turf fields.
Zinc concentrations in the stormwater may cause exceedences of the acute aquatic toxicity
criteria for receiving surface waters, especially smaller watercourses. The DEP suggests that use
of stormwater treatment measures, such as stormwater treatment wetlands, wet ponds, infiltration
structures, compost filters, sand filters and biofiltration structures, may reduce the concentrations
of zinc in the stormwater runoff from artificial turf fields to levels below the acute aquatic
toxicity criteria. Individual artificial turf field owners may want to evaluate the stormwater
drainage systems at the fields and the hydrologic and water quality characteristics of any
receiving waters to determine the appropriateness of a stormwater treatment measure.

This study did not identify any significant risks to groundwater protection criteria in the
stormwater runoff from artificial turf fields. It is important to note, that the DEP study did not
directly collect and analyze groundwater at these artificial turf fields. Consequently, this
conclusion regarding consistency with groundwater protection criteria is an extrapolation of the
stormwater results collected and the evaluation of data presented in recent studies, such as
Nillson et al (2008) and Lim et al (2009). To make a final conclusion regarding the overall risk
from exposure to groundwater affected by stormwater runoff from artificial turf fields, further
sampling and analysis of groundwater at the artificial turf fields would be required.
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PREFACE

Evaluation of the Environmental Effects of Synthetic Turf Athletic Fields

Over the past year or so, Milone & MacBroom, Inc. (MMI) conducted a variety of tests of
synthetic athletic fields in Connecticut in an attempt to contribute to the discussion regarding
potential risks to the environment and human health associated with such facilities. Tn 2007,
laboratory tests at the Connecticut Agricultural Experiment Station (CAES) raised a number of
questions concerning the safety of such tields. As a company that advises clients and designs
athletic fields using both natural grass and synthetic surfaces, Milone & MacBroom, Inc.
believed that it would be prudent to undertake some first-hand observations and to become more

confident that published literature was applicable to synthetic surfaces in the northeast.

When reading these papers, there are two points that should be clearly understood. First, by
undertaking these studies, we are not promoting the installation of synthetic fields but recognize
that they are a legitimate alternative to natural grass in some instances. Second, the cost of the
testing was totally paid by Milone & MacBroom, Inc. and that the synthetic turf industry has had
no involvement whatsoever in our testing program. We did consult, however, with
representatives of the Connecticut Department of Public Health regarding testing protocols to be
sure that our methodologies and the results of our efforts would be useful to the regulatory

community.

The three areas of concern that Milone & MacBroom, Inc. addressed were water quality from the
runoff that passes through the synthetic turf, the temperature of the surface of the turf, and the air

quality on and surrounding the synthetic field. The questions we sought to answer are:

e Does the temperature of the synthetic field become excessively hot in summer months?
e Does the crumb rubber infill material have an effect on air quality?

e Do metals leach from the crumb rubber infill material at a level that would adversely
affect the quality of water?
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To address these issues, Milone & MacBroom, Inc. conducted three separate studies at locations
where synthetic fields had been recently installed. The sites were selected for two reasons. First,
we were able to secure permission from the owner of the fields to conduct the necessary tests.
Second, we were familiar with the sites and understood how the fields were constructed and the
materials that were used in the construction. The water quality monitoring was initiated in late
2007 and continued into the fall of 2008. The testing and observation of the temperature and the
sampling of the air were done in mid-summer 2008. The results of the testing are presented in

three separate documents as follows:

e Thermal Effects Associated with Crumb Rubber In-filled Synthetic Turf Athletic
Fields

o Evaluation of Benzothiazole, 4-(tert-octyl) Phenol and Volatile Nitrosamines in Air
at Synthetic Turt Athletic Fields

e Evaluation of Stormwater Drainage from Synthetic Turf Athletic Fields

We hope that our efforts will be useful to public officials and the consumer when evaluating

which type of playing surface best suits their athletic field program needs.

Please contact Vince McDermott with any questions or to request additional copies of the

research conducted by Milone & MacBroom, Inc.

Milone & MacBroom, Inc.
99 Realty Drive
Cheshire, Connecticut 06410
T 203.271.1773
F 203.272.9733
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About Milone & MacBroom, Inc.

Milone & MacBroom, Inc. is a privately-owned, multidisciplinary consulting firm founded in
1984. The firm maintains a staff of over 145 technical and administrative personnel, with its
main office located in Cheshire, Connecticut, and regional offices in Stamford and Branford,
Connecticut; Greenville, South Carolina; Raleigh, North Carolina; Freeport, Maine; and South
Burlington, Vermont. The team of professionals at Milone & MacBroom, Inc. is committed to
building strong partnerships with our clients to deliver creative solutions that are technically
sound, cost-effective, and environmentally sensitive. We strive to integrate the disciplines of
engineering, landscape architecture, and environmental science in an exceptional work
environment that is founded upon respect among ourselves, our clients, and our professional
colleagues.



Thermal Effects Associated with Crumb Rubber In-filled
Synthetic Turf Athletic Fields

Scott G. Bristol, LEP
Vincent C. McDermott, FASLA, AICP

Milone & MacBroom, Inc.
99 Realty Drive
Cheshire, Connecticut 06410

Substantial focus has been given to possible environmental effects associated with the
installation of synthetic turf athletic fields. Questions concerning the potential health effects
have been raised by several groups. Generally, these questions have been related to claims that
insufficient data has been collected to reach a conclusion regarding possible detrimental health
cffects. One component of these claims is the question concerning the effect of solar heating on
the fields and in particular upon the crumb rubber that is used as in-fill material (Figure 1). A
temperature evaluation study was designed and conducted to determine the temperature rise of

the synthetic materials under a number of conditions.

Two fields within Connecticut were selected for this study. Both fields were constructed by
FieldTurf in 2007. One field, identified as Field F, is located in the northern portion of the state,
while Field G is located in the southern portion of the state. Selection of the fields was based
upon the ability to obtain permission to perform the testing and was not based upon manufacturer
or geographic location. Temperature monitoring occurred on June 10 and July 11, 2008, at Ficld

F and on June 17, 2008, at Field G.
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During the testing procedure, the air temperature was monitored at two elevations directly over
the synthetic playing surface and at a location adjacent to the synthetic surface but within an area

of natural grass. Also measured during the testing were the temperatures of the crumb rubber

Fiémegl
and the surface temperature of the polyethylene and polypropylene blended fibers used to
simulate grass. Additional measurements were made of the soil at various depths in the area of
the natural grass and the surface temperature of the natural grass itself. The air temperatures
were measured using six-inch Enviro-Safe Easy Read Armor Case thermometers with a
protective plastic jacket. These thermometers have a working temperature range of 0 degrees
Fahrenheit (° F) to 220° I with two-degree graduations and are National Institute of Standards
and Technology (NIST) certified. The thermometers were suspended within Styrofoam
insulating cylinders. The inside dimensions of the cylinders were approximately 3%/ inches in
diameter by 7% inches tall. Outside dimensions were approximately 4% inches in diameter by
7% inches tall. Twelve one-half inch holes were drilled into four sides of the cylinders to allow
for airflow through the cylinder while still providing protection from the heating effect of the

sunlight (Figures 2 and 3).
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Ficure 3

The Styrofoam cylinders were then mounted to a wooden pole measuring approximately 1% inch
x 1% inch x 5% feet tall using plastic wire ties (Figure 4). Each pole was then mounted to a

metal and wooden surveyor's tripod (Figure 5).

Figure 4
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The surface temperatures of the natural grass and the synthetic fibers were measured using an
infrared thermometer manufactured by EXTECH Instruments (EXTECH Pocket IR
thermometer). The thermometer has a stated sensing range of -58° F to 518° F with an accuracy

of +/- 2.5% of reading plus three degrees.

The temperature of the soil and the crumb rubber in-fill material was measured using a digital
pen thermometer with a stated sensing range of -58° F to 536° F in 0.1-degree divisions with an
accuracy of one degree. The sensing probe measured eight inches long and was constructed of

stainless steel.

Methodology

The temperature monitoring stations were placed to allow a comparison of temperatures between
the synthetic and natural turf surfaces. One station was placed in the center of the synthetic turf
field, while the second station was placed approximately 50 feet (Field G) or 125 feet (Field F)
away from the synthetic surface on natural turf. The natural turf monitoring station was located
based upon the location of nearby structures (bleachers, parking lots, synthetic running track

surfaces) that had the potential to affect the temperature readings (Figure 6).

Figure 6

Air temperatures were measured at two feet and five feet

above the ground surface during the June 10 and June 17,

2008, monitoring events. The methodology was adjusted

for the July 11, 2008, event, at which time the temperatures

were measured at one foot and five feet.

Surface temperatures of both the synthetic "grass" fibers
and the natural grass were measured using the infrared
thermometer, while soil and crumb rubber temperatures

were measured using the digital pen thermometer.
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The air temperature measured at a distance of five feet above the natural furf was assumed to

best approximate the actual ambient air temperature at the location of the monitored field.

Results

June 10, 2008

Temperature measurements were obtained at Field F on June 10, 2008. Official temperature data
for this date was obtained from Weatherunderground.com for Bradley International Airport in
Windsor Locks, Connecticut. The official high temperature was 98° F. Additional temperature
and wind data was obtained from a private weather station associated with
Weatherunderground.com. This weather station is located approximately 2.3 miles from Field F.
A high temperature of 95.6° F and maximum winds of three miles per hour (mph) were recorded

at this station during the study time period. Skies were clear throughout the study.

Collected data indicated that the air temperature as measured at a distance of two feet above the
synthetic turf surface ranged from one to five degrees greater than the observed ambient air
temperature, while the temperature at the same height above the natural turf ranged from 3° F

lower to 1° F greater than the ambient air temperature (Figure 7).

Air Temperature (2 feet)
Field "F"
June 10, 2008

106

104
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12:00 12:30 13:00 13:30 14:00 14:30 15:00

Time

—&— Ambient Alr —g-— Natural Turf ~—~ Synthetic Turf

Figure 7
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The measured air temperature at a height of five feet above the synthetic turf more closely
approximated the ambient air temperature. Measured air temperatures ranged from 2° F lower to

2° F greater than the ambient air temperature (Figure 8).

Air Temperature (5 feet)
Field "F"
June 10, 2008

104 -
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100
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Degrees F
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94 |

gp fiE

12:00 12:30 13:00 13:30 14:00 14:30 15:00

Time

—@— Ambient Air ...~ Natural Turf ...g... Synthetic Turf

Figure 8

Note in Figure 8 the temperature identified as the ambient air temperature is the same as the

temperature measured at a distance of five feet above the natural turf.

The temperature observed for the surface of the synthetic "grass" fibers was measured using an
infrared thermometer and compared to the observed air temperatures and also the temperature of
the crumb rubber in-fill material as measured at a depth of one inch. The surface of the synthetic
fibers reached a maximum temperature of 156° F. The crumb rubber reached a maximum
temperature of 111.5° F or approximately 44 degrees cooler than the surface temperature of the
synthetic "grass" fibers. As noted above, the elevated temperature of the fibers did not result in a
significant elevation of the air temperature above the synthetic field as compared to the air

temperature over the natural grass field (Table 1 and Figure 9).
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Table 1

g " Synthetic Turf Temperatures

7 | EB p

& £8 Tersnu e?;fure Crumb Rubber

g < g s yntheﬂc "Grass" Temperature Air Temperature || Air Temperature

E = Fibers 2 feet above 5 feet above

- (1 inch depth) surface surface

OF OF DF nF OF

12:00 101 153 102.5 103 101
12:30 101 155 103 104 101
13:00 103 151 104.5 104 101
13:30 102 156 111.5 103 101
14:00 101 154 109.5 103 101
14:30 99 138 107.2 104 101
15:00 99 149 105.8 104 101

Synthetic Turf Temperature
Field "F"
June 10, 2008

Degrees F

12:00

12:30 13:00

13:30

Time

14:00

14:30

15:00

—e— Ambient Air —s— Synthetic Fibers —a— Crumb Rubber ... Air (2 feet) —x— Air (5 feet)‘
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Figure 9
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Temperatures measured in the area of the natural turf indicated that the surface of the natural
grass blades closely approximated the ambient air temperature. The grass blades ranged from 3°
F cooler to 5° F warmer than the measured ambient temperature. Soil temperatures were
determined to decrease with increasing depth. The highest soil temperatures were noted at the
end of the study period with a maximum temperature of 90.1° F being measured at 15:00 at a
depth of one inch below the surface. The temperature of the soil at that depth increased
approximately nine degrees over a span of three hours, while the temperature at a depth of six

inches increased just two degrees.

Table 2

v Natural Turf Temperatures

£ 2

£ L=

& g ® Soil Temperature

o = Surface Air Air

5 E & | Temperature

@ < c Nataral Temperature | Temperature

E = Grass 1 inch 3inch 6 inch 2 feet above || 5 feet above

depth depth depth surface surface
DF DF UF DF DF ﬁF DF

12:00 101 100 81.5 78.8 77.3 99 101
12:30 101 101 86.5 79 77.3 99.7 101
13:00 103 102 89.2 79.8 77.3 100 103
13:30 102 99 86 81.6 78.2 101 102
14:00 101 101 89.4 82.5 79.5 100 101
14:30 99 104 87 81 78.9 97 99
15:00 99 100 90.1 85.1 79.3 100 99
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Natural Turf Temperatures
Field "F"*
June 10, 2008
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Figure 10

June 17,2008

Temperature measurements were obtained at Field G on June 17, 2008. Field G is located in the
southern portion of Connecticut and is believed by the authors to be susceptible to localized
weather variations caused by Long Island Sound. Once again, temperature and wind data were
obtained from a private weather station associated with Weatherunderground.com and located
approximately 1.5 miles from Field G. A high temperature of 75.7° F and maximum winds of
four mph were recorded at this station during the study time period. Intermittent clouds and

sunshine were noted during the study period.
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Air Temperature (2 feet)
Field "G"
June 17, 2008

t-o— Ambient Air Temperature --#-- Natural Turf .- Synthetic Tﬂl

Figure 11

Collected data indicated that the air temperature as measured at a distance of two feet above the
synthetic turf surface ranged from 1 degree lower to three degrees greater than the observed
ambient air temperature, while the temperature at the same height above the natural turf ranged
from 2° F lower to 2° F greater than the ambient air temperature (Figure 11). The air
temperature two feet above the synthetic turf field was generally two degrees to four degrees

greater than the temperature above the natural turf.

The time period between approximately 13:00 and 13:45 was characterized by clouds. The
cooling effect of the cloud cover can be clearly noted in the data. This effect is also noted in the
graph of the air temperature at five feet above the fields. At this height, the air temperature

above the synthetic turf was generally two to three degrees greater than the natural twrf field.
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Air Temperature (5 feet)
Field "G"
June 17, 2008
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Synthetic Turf Temperature
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June 17, 2008
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Figure 13
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The results of the measurements of the temperature of surface of the synthetic "grass" fibers were
similar to those obtained for Field F. A maximum temperature of 147° F was noted during
periods of sunshine. The temperature dropped rapidly during cloudy periods and reached a
minimum temperature of 87° F or approximately 15 degrees greater than the observed ambient
air temperature. The crumb rubber in-fill material maintained a relatively steady temperature
and averaged approximately 93° F or approximately 15 degrees greater than the average ambient
air temperature (Figure 13). Once again, the elevated temperature of the fibers did not result in a
significant elevation of the air temperature above the synthetic field as compared to the air

temperature over the natural grass field.

Natural Turf Temperatures
Field "G"
June 17, 2008

140
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Figure 14

Measurements in the area of the natural turf near Field G indicated that the surface temperature

of the natural grass blades was approximately 10 to 15 degrees greater than the ambient air
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temperature during periods of sunshine. The temperature decreased quickly to nearly the
ambient air temperature once cloud cover was present. The soil temperatures were nearly

constant throughout the monitoring period and averaged approximately 74° F (Figure 14).

July 11, 2008

The temperature monitoring was repeated at Field F on July 11, 2008. The exception to the
above procedures was that the air temperature was measured at heights of one foot and five feet
above the synthetic turf and the natural turf fields. The results are detailed in Figures 15 through
19 below. As noted previously, the elevated surface temperature of the synthetic "grass” fibers
appeared to have minimal effect on the air temperature directly over the synthetic turf field.
Likewise, only a moderate rise in the temperature of the crumb rubber was noted. The
temperature rise noted at one foot above the synthetic turf field was generally two to four degrees
as compared to the measured ambient air temperature, although a maximum of a nine-degree rise
was noted to occur over a short time period early in the study. The temperature rise noted at five
feet above the synthetic turf surface was generally between one to five degrees, which is

comparable to the previously observed measurements.

Surface Temperatures
Fleld “F"
July 11, 2008
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Figure 15
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Air Temperature (1 foot)
Field "F"
July 11, 2008
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Figure 16

Air Temperature (5 feet)
Field "F"
July 11, 2008
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Figure 17
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Synthetic Turf Temperature
Fleld “F"
July 11, 2008
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Figure 18

Natural Turf Temperatures
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July 11, 2008
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Figure 19
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The sampling methodology on this date was also adjusted to evaluate the potential cooling effect
due to the evaporation of water from the synthetic "grass" fibers. Two squares measuring one
foot square were cut from a single sheet of white foam board (Figure 20). The surface
temperature of the synthetic fibers was then measured using an infrared thermometer. One
square was kept dry while the other side was wetted with one ounce of water using a spray
bottle. The surface temperatures were measured and recorded over a period of 20 minutes. The
foam board was then moved to a dry location, and the measurements were repeated using two

ounces and then three ounces of water.

The results indicated that the applied water provided at least 20 minutes of effective cooling to
the synthetic fibers. The amount of the cooling effect was generally between 10 and 20 degrees

although slightly more of a cooling effect was noted when three ounces of water were used.

Figure 20
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Figure 21
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Figure 23
Summary

The results of the temperature measurements obtained from the fields studied in Connecticut
indicate that solar heating of the materials used in the construction of synthetic turf playing
surfaces does occur and is most pronounced in the polyethylene and polypropylene fibers used to
replicate natural grass. Maximum temperatures of approximately 156° F were noted when the
fields were exposed to direct sunlight for a prolonged period of time. Rapid cooling of the fibers
was noted if the sunlight was interrupted or filtered by clouds. Significant cooling was also
noted if water was applied to the synthetic fibers in quantities as low as one ounce per square
foot. The elevated temperatures noted for the fibers generally resulted in an air temperature

increase of less than five degrees even during periods of calm to low winds.

The rise in temperature of the synthetic fibers was significantly greater than the rise in
temperature noted for the crumb rubber. Although a maximum temperature of 156° F was noted
for the fibers, a maximum temperature of only 101° F, or approximately 16 degrees greater than

the observed ambient air temperature, was noted for the crumb rubber.

1001-22-n2608-rpt.doc
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Evaluation of Benzothiazole, 4-(tert-octyl) Phenol and Volatile Nitrosamines in Air at
Synthetic Turf Athletic Fields

Scott G. Bristol, LEP
Vincent C, McDermott, FASLA, AICP

Milone & MacBroom, Inc.
99 Realty Drive
Cheshire, Connecticut 06410

The growing popularity of crumb rubber in-filled synthetic turf playing surfaces has resulted in
questions concerning the potential resulting human health effects from the inhalation of volatile
chemicals by users of those fields. A limited number of studies have attempted to identify and
quantify these chemicals. One such study, conducted in 2007 by the Connecticut Agricultural
Experiment Station' identified benzothiazole, butylated hydroxyanisole, n-hexadecane, and 4-
(tert-octyl) phenol as potential chemicals of concerns. This study, however, was laboratory
based and did not include collection and analysis of samples from installed fields. Another
study, conducted by the Norwegian Institute for Air Research?®, evaluated the air quality at three

different indoor fields.

A study was designed and conducted to specifically evaluate the possible presence of
benzothiazole, 4-(tert-octyl)phenol, and volatile nitrosamines in air above recently installed

outdoor, crumb rubber in-filled synthetic turf playing surfaces in Connecticut.

Field G

Methodology

Two fields in Connecticut were selected for this study. Both fields were constructed in 2007 by
FieldTurf using polyethylene fiber with cryogenically produced rubber and silica sand infill.
One field, identified as Field F, is located in the northern portion of the state, while Field G is
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located in the southern portion of the state. Selection of the fields was based upon the ability to
obtain permission to perform the testing and not based upon manufacturer or geographic
location. Both fields are multipurpose fields used for sports such as football, soccer, field
hockey, and/or lacrosse among others and are encircled by synthetic running track surfaces.
These two fields were previously the subject of a separate study by the authors entitled "Thermal
Effects Associated with Crumb Rubber In-filled Synthetic Turf Athletic Fields." The air
sampling activities were conducted on August 15, 2008, at Ficld F and on August 18, 2008, at
Field G.

Five sample locations were selected at each of the sampled fields. One location at each ficld was
directly over the center portion of the playing surface, while the remaining four were located off
the playing surface at cither end or sides of the fields. These later locations were selected to

provide "background" results to account for potential transport of vapors by wind and to evaluate

the possible volatilization of target compounds from the running track surfaces.

A Davis Vantage Pro2 automated meteorological station was utilized to measure temperature,
relative humidity, wind speed, and wind direction at the fields throughout the sampling period.
The station was erected near the sampling location in the center portion of the field (Figure 1).
The temperature sensor portion of the instrument was located approximately five feet above the

synthetic turf surface.
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Figure1 - Metenro]ogcal Station

Additional measurements were made of the air temperature at heights of one foot and four feet
above the synthetic turf surface using six-inch Enviro-Safe, Easy Read Armor Case
thermometers with a protective plastic jacket. These thermometers have a working temperature
range of 0 degrees Fahrenheit (° F) to 220° F with two-degree graduations and are National
Institute of Standards and Technology (NIST) certified. The thermometers were suspended
within Styrofoam insulating cylinders. The inside dimensions of the cylinders were
approximately 3%/ inches diameter by 7% inches tall. Outside dimensions were approximately
4, inches diameter by 7% inches tall. Twelve one-half inch holes were drilled into four sides of
the cylinders to allow for airflow through the cylinder while still providing protection from the

heating effect of the sunlight (Figure 2).
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Figur 2 - Styrofoam cylinders used for empauents
The Styrofoam cylinders were then mounted to the metal pole supporting the weather station.

The mounted cylinders can be seen in Figure 1.

The temperature of crumb rubber in-fill material was measured using a digital pen thermometer
with a stated sensing range of -58° F to 536° F in 0.1 degree divisions with accuracy of one

degree. The sensing probe measured eight inches long and was constructed of stainless steel.

Air samples were collected through dedicated adsorbent media with the intakes set at
approximately four feet above ground surface (Figures 2 through 5). The samples to be analyzed
for benzothiazole and 4-(tert-octyl) phenol were collected using XAD-2 adsorbent media
(Catalog #226-30, lot 4501, expiration date April 2012) produced by SKC Inc. of Eighty Four,
Pennsylvania. A minimum of 480 liters of air was pumped through the adsorbent media at an
approximate rate of two liters per minute using an SKC Airlite sampling pump. A 37 mm, 2

micron PTFE filter was placed inline before the adsorbent media tube.
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The samples to be analyzed for volatile nitrosamines were collected using ThermoSorb N
adsorbent media produced by Advanced Chromatography Systems of Johns Island, South

Carolina. A minimum of 75 liters of air was pumped through the adsorbent media at an

DECEMBER 2008 PAGE50F 17



approximate rate of one liter per minute using an SKC Universal Pump 224-PCXR8 sampling

pump.

Both models of sampling pumps have a manufacturer's stated flow rate accuracy of +/- 5%.

The intakes for all samples were set at approximately four feet above either the playing surface
or the grass surface surrounding the playing field. The sampling media was connected to the
sampling pumps using approximately six inches of /4 L.D. x 3/8 OD poly tubing. The pump was
calibrated prior to sampling utilizing a BIOS DryCal DC-Lite air pump calibrator. A sacrificial

media tube and poly tubing was used during the pump calibration.

All samples were delivered to the Wisconsin Occupational Health Laboratory at the University
of Wisconsin via overnight courier service for analysis. The analytical methods employed for
benzothiazole and 4-(tert-octyl) phenol analysis were based upon NIOSH Method 2550. The
samples were desorbed with 10 minutes of sonication performed three times with three milliliters
(mL) of methanol. The combined methanol fractions were then evaporated to approximately 0.5
mL with nitrogen and brought to a final volume of 1.0 mL with methanol. The extracts were
then analyzed by reversed phase high-performance liquid chromatography employing a 0.1
percent formic acid:methanol linear gradient program. Detection was achieved by triple
quadruple mass spectrometry using multiple reaction monitoring. A reporting limit of 100

nanograms was established for the analytes based upon statistical data analysis.

The analytical methods employed for the nitrosamine analysis were based upon OSHA Method
27. The samples were with approximately three mL of methylene chloride:methanol (75:25 v/v).
Extracts were analyzed by reversed phase high-performance liquid chromatography employing a
0.1 percent formic acid:methanol linear gradient program. Detection was achieved by turbo ion
spray triple quadruple mass spectrometry using multiple reaction monitoring in positive
ionization mode. A reporting limit of 100 nanograms was established for the analytes based
upon statistical data analysis; however, any discernable peak for n-nitrosodimethylamine was

reported with appropriate comment.
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Results
Field F

Air sampling activities were conducted at Field F on August 15, 2008. Five discrete sample
locations were chosen. One location (SF-1) was near the center to the playing surface whilc the
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