
Town of Concord 
Concord Finance Committee  

  AGENDA 
December 19, 2024, at 6:30 PM 

Concord Town House, 22 Monument Sq., 2nd Fl. Select Board Conference Room 
Notice of public meeting as required by M.G.L. Chpt.30A §18-28 

 

HYBRID IN-PERSON AND VIRTUAL MEETING VIA ZOOM 
Join the meeting: https://us02web.zoom.us/j/86451278093?pwd=xIRdBmDMbXi1b6sczUE1kZYHjmFwAd.1 

                   Meeting ID: 864 5127 8093 Passcode: 566007 Dial in Toll-Free: 833-548-0282 
 
 

 

Please be advised that this open meeting is being broadcast live via Zoom and MMN and recorded for playback online, video-
on-demand viewing at https://concordma.gov/2409/Government.  The listings of matters are those reasonably anticipated by the 
Chair 48 hours before said meeting, which may be discussed at the meeting. Not all items listed may be addressed.  Items may 
be taken out of order and at times differ from those listed below. Other items not listed may also be brought up for discussion to 
the extent permitted by law.  Video or call will be muted upon joining meeting please use the “raise your hand” feature in the 
zoom meeting to ask to speak. ATTENDEES ARE REMINDED THAT BY ATTENDING THIS MEETING THAT YOU 
CONSENT TO YOUR LIKENESS AND AUDIO BEING USED AND REBROADCAST BY MMN. 

 
 

6:30 PM 1. Call to Order  
 
 

6:30 PM 2. Public Comment 
Public Comment is limited to up to 10 minutes, with no more than 2 minutes allocated to any 
one speaker. Public Comment is limited to items that are not on the agenda. 

 
 

6:40 PM 3. Finance Committee’s FY26 Guidelines 
• Discuss Property Tax Implications 
• Discuss and Vote on FY26 Final Guidelines 

 
 

8:10 PM 4. Finance Committee's Report to Town Meeting for FY2026 
• Discuss Planning for Finance Committee FY26 Report 

 
 

8:20 PM 5. Liaison Report 
 
 

8:30 PM 6. Finance Committee Schedule and FY25 Goals 
• Review Finance Committee Schedule and FY25 Goals 

 
 

8:45 PM 7. Correspondence 
 
 

8:50 PM 8. Minutes 
• Discuss and potentially approve the minutes from the November 18, 2024, and 

November 21, 2024 (if available) 
 
 

9:00 PM 9. Recap of Action Items/ Adjournment 
 
 
 

UPCOMING MEETINGS 
 
Next Meeting:   Thursday, January 9, 2025 (FY26 Capital Budget Public Hearing) @ 6:30 PM 
 

 

https://us02web.zoom.us/j/86451278093?pwd=xIRdBmDMbXi1b6sczUE1kZYHjmFwAd.1
laustin
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_____________________________________________________________________________________ 

Call to Order 

 
Requested by: FC Chair   Action Sought: Open Meeting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motion Second In favor Opposed Disposition 
     

 

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

 

Proposed Motion(s) 

Additional Information 

Board Action 

None anticipated. 



  
 

 

_____________________________________________________________________________________ 

Finance Committee’s FY26 Guidelines 
Process 
Discuss Property Tax Impact of Preliminary FY26 Guidelines  
Discuss and Vote on FY26 Final Guidelines 
Requested by: FC Chair  Action Sought: discussion dependent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Motion Second In favor Opposed Disposition 
     

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

 

Proposed Motion(s) 

Additional Information 

Board Action 

 



 

Town of Concord 
Finance Committee 
22 Monument Square 
Concord, Massachusetts 01742-0535 

 
 
To:  Kerry Lafleur, Concord Town Manager 

Anthony Ansaldi, Concord Chief Financial Officer 
Dr. Laurie Hunter, Superintendent, Concord Public Schools 
Carrie Rankin, Chair, Concord School Committee 

 Julie Viola, Chair, Concord-Carlisle Regional School District Committee 
 
From:  Eric Dahlberg, Chair, Concord Finance Committee 
 
Cc:   Mary Hartman, Chair, Concord Select Board 

Lois Wasoff, Vice Chair, Concord Finance Committee 
Lyndsey Lis, Chair, Guidelines Subcommittee, Concord Finance Committee 
Robert Conry, Assistant Superintendent of Finance & Operations, Concord Public Schools 
James Catacchio, Chair, Carlisle Finance Committee 
 

Date:  Monday, November 25, 2024 
 
Re: Preliminary Guideline for Fiscal Year 2026 
 

 
At our November 21st meeting, the Concord Finance Committee approved setting a preliminary target of 2.44% for 
spending subject to guidelines for fiscal year 2026 (FY26). This preliminary guideline holds excess levy capacity (as a 
percentage) constant from FY25 to FY26. To arrive at the 2.44% aggregate preliminary guideline, we applied a 2.6% 
increase to underlying operating costs for each budgetary unit and applied the increases forecasted by the budgetary units 
for select expenses, including Tier 1 capital (applicable to CPS and CCHS only) and out-of-district tuition (also applicable 
to CPS and CCHS only). In addition, we applied the $500K in operating cost savings from the Middle School 
consolidation to CPS after applying the 2.6% increase to underlying operating costs. A summary is as follows: 
  

Budget Unit 

FY26 preliminary 
guideline for 
spending subject to 
guideline, $ 

FY26 preliminary  
guideline, % change 
YOY versus FY25 
approved 

Concord Public Schools $47,358,692  1.81% 
Concord-Carlisle Regional School District  $23,957,154  3.48% 
Town  $33,597,025  2.60% 
   
Total  $104,912,871  2.44% 

 
The attached spreadsheet details the calculations that yielded this preliminary guideline.   
 
We welcome your feedback on this preliminary guideline for FY26, and we pledge to take all feedback into consideration 
before issuing a final guideline for FY26, which we expect to do at our meeting on Thursday, December 19 th.  To ensure 
that we have sufficient time to review and discuss any feedback beforehand, we respectfully request that you provide 
feedback before noon on Monday, December 16th. The Finance Committee will meet on Monday, December 16th (in a 
regular meeting immediately following the joint capital planning meeting scheduled for that night) to review and discuss 
any feedback we have received on the preliminary guideline.   
 
Please contact me with questions anytime at EricRDahlberg@gmail.com or (617) 461-2737.   
 
 
 
 
 



FY26 Preliminary Guideline (approved 11/21/24)
Description:

Schools: Town:
Input -- Preliminary guideline target for underlying operating costs: 2.60% 2.60%

Summary output
CPS not including MS 
Savings

Middle School 
Savings

CPS Net CCRSD Town
Grand total spending 
subject to guidelines

FY25 approved at town meeting 46,515,714$                   46,515,714$            23,150,489$            32,745,639$            102,411,842$                
FY26 operating unit forecast 48,373,028$                   (500,000)$                 47,873,028$            24,174,081$            34,021,742$            106,068,851$                

FY26 preliminary guideline 47,858,692$                     (500,000)$                   47,358,692$             23,957,154$             33,597,025$             104,912,871$      

FY26 forecast vs FY25 approved, $ 1,857,314$                      (500,000)$                 1,357,314$               1,023,592$               1,276,103$               3,657,009$                     
FY26 forecast vs FY25 approved, % 3.99% 2.92% 4.42% 3.90% 3.57%

FY26 preliminary guideline vs FY25 approved, $ 1,342,978$                      (500,000)$                 842,978$                     806,665$                     851,387$                     2,501,030$                       

FY26 preliminary guideline vs FY25 approved, YOY % change 2.89% 1.81% 3.48% 2.60% 2.44%

FY26 preliminary guideline vs FY26 operating unit forecast, $ (514,336)$                          -$                             (514,336)$                   (216,927)$                   (424,716)$                   (1,155,979)$                      

Calculations:

CPS

FY26 vs FY25 Notes:
CPS FY25 approved at town meeting 46,515,714$                   

CPS FY26 operating unit forecast 47,873,028$                     2.92%
Middle School Savings (500,000)$                        
FY26 request not including Middle School Savings 48,373,028$                     3.99% Operating cost increase not including MS Savings

CPS Tier 1 capital detail:
FY25 FinCom estimate (FY26 number less 5% inflation) 323,000$                          
FY25 not including Tier 1 capital 46,192,714$                   
FY26 forecast for Tier 1 capital (two busses per year at $170K each in FY26) 340,000$                          
FY26 not including Tier 1 capital or MS savings 48,033,028$                   3.98% Operating cost increase not including Tier 1 Capital or MS Savings

CPS OOD tuition detail:
FY25 forecast 1,688,746$                      
FY25 not including Tier 1 or OOD tuition 44,503,968$                   
FY26 forecast 1,857,620$                      
FY26 not including Tier 1, OOD tuition, or MS savings 46,175,408$                   
$ forecasted increase in OOD Tuitions FY26 vs FY25 168,875$                          
% forecasted increase in OOD Tuitions FY26 vs FY25 10.00%

FY26 request not including MS Savings, Tier 1, or OOD tuitions 46,175,408$                     3.76%

FY26 at preliminary guideline target 45,661,072$                     
Plus: FY26 OOD tuitions 1,857,620$                      

FY26 at preliminary guideline target including OOD tuition increase 47,518,692$                     
Plus: FY26 Tier 1 capital 340,000$                          

FY26 at preliminary guideline target including OOD tuition and Tier 1 capital 47,858,692$                     2.89% Not including MS Savings
Less: Middle School Savings (500,000)$                        `

FY26 net preliminary guideline for CPS 47,358,692$    1.81% Including MS Savings

FY26 net preliminary guidelines for CPS vs requested amount (514,336)$         

CCRSD

FY26 vs FY25 Notes:
CCRSD FY25 approved at town meeting 23,150,489$                   

CCRSD FY26 request 24,174,081$                   4.42%

CCRSD Tier 1 capital:
FY25 FinCom estimate (FY26 number less 5% inflation) 323,000$                          
FY25 not including Tier 1 capital 22,827,489$                   
FY26 forecast for Tier 1 capital (two busses per year at $170K each in FY26) 340,000$                          
FY26 not including Tier 1 capital or MS savings 23,834,081$                   4.41% Operating cost increase not including Tier 1 Capital 

CCRSD OOD tuition detail:
FY25 forecast 3,632,416$                      
FY25 not including Tier 1 or OOD tuition 19,195,073$                   
FY26 forecast 3,923,009$                      
FY26 not including Tier 1 or OOD tuition 19,911,072$                   
$ forecasted increase in OOD Tuitions FY26 vs FY25 290,593$                          
% forecasted increase in OOD Tuitions FY26 vs FY25 8.00%

 Target a guideline that holds excess levy capacity (as a %) constant from FY25 to FY26... or a 2.44% aggregate guideline. Apply preliminary guideline target to underlying operating 
costs only, i.e., treat the following items separately -- Middle School Savings, OOD tuition increases, CCRSD & CPS Tier 1

This is the underlying forecasted operating cost increase , i.e., operating cost 
increase not including Tier 1, MS Savings, or OOD tuition increases



FY26 request not including MS Savings, Tier 1, or OOD tuitions 19,911,072$                     3.73%

FY26 underlying operating costs at preliminary guideline target 19,694,145$                   
Plus: FY26 OOD tuitions 3,923,009$                      

FY26 at preliminary guideline target including OOD tuition increase 23,617,154$                   
Plus: FY26 Tier 1 capital 340,000$                          

FY26 net preliminary guideline for CCRSD 23,957,154$         3.48%
FY26 net preliminary guidelines for CCRSD vs requested amount (216,927)$              

Town

FY26 vs FY25 Notes:
Town FY25 approved at town meeting 32,745,639$                   Operating costs not including Tier 1 capital

Town FY26 request 34,021,742$                   3.90% Operating costs not including Tier 1 capital

FY26 at preliminary guideline target 33,597,025$         2.60%
FY26 net preliminary guidelines for Town vs requested amount (424,716)$              

Underlying forecasted operating cost increase , i.e., operating cost increase not 
including Tier 1 capital and not including OOD tuition increases





From: Kerry Lafleur
To: Eric Dahlberg (ericrdahlberg@gmail.com)
Cc: Anthony Ansaldi; Kerry Lafleur
Subject: RE: FinCom memo: FY26 preliminary guideline
Date: Tuesday, December 17, 2024 10:59:32 AM

Hi Eric-
 
Thank you for the opportunity to provide feedback on the FinCom’s preliminary guideline for FY26.  I
wanted to give you a heads up that the Town will be asking for consideration of an increase from 2.6%
to 3.25%.  I will plan to send you a brief summary of our request later today, likely this evening;
apologies for the tardiness of the Town’s response.  I would also like to confirm that I will be in
attendance at your meeting on Thursday evening.
 
Thanks,
Kerry
 
From: Eric Dahlberg <ericrdahlberg@gmail.com> 
Sent: Monday, November 25, 2024 6:43 PM
To: Kerry Lafleur <klafleur@concordma.gov>; Anthony Ansaldi <aansaldi@concordma.gov>; Laurie
Hunter <lhunter@concordps.org>; Carrie Rankin <crankin@concordps.org>; Julie Viola
<jviola@concordcarlisle.org>
Cc: Mary Hartman <mhartman@concordma.gov>; Lois Wasoff <lwasoff.fincom@icloud.com>;
Lyndsey Lis <lyndseylis@gmail.com>; Bob Conry-org <rconry@concordps.org>; James Catacchio
<JCatacchio@gmail.com>
Subject: FinCom memo: FY26 preliminary guideline

 
Hi everyone:

The Concord Finance Committee approved a preliminary budget guideline for FY26 at our November
21st meeting. Attached is a memo that summarizes the guideline, accompanied by a spreadsheet (in
PDF format) detailing the calculation behind it. 

We welcome your feedback as we look ahead to issuing a final guideline for FY26 next month. 

Please reach out to me anytime with questions or input - via email or via phone at (617) 461-2737. 

Thank you and Happy Thanksgiving to you,
Eric

 

mailto:klafleur@concordma.gov
mailto:ericrdahlberg@gmail.com
mailto:aansaldi@concordma.gov
mailto:klafleur@concordma.gov


 

 

 

_____________________________________________________________________________________ 

2024 Annual Town Meeting  
Discuss the FY26 Finance Committee Report 
Requested by: FC Chair   Action Sought: Recommendation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motion Second In favor Opposed Disposition 
     

 

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

 

Proposed Motion(s) 

Additional Information 

Board Action 

Discussion Dependent 



 

 

 

_____________________________________________________________________________________ 

Liaison Updates 
Finance Committee liaisons to provide updates 
Requested by: FC Chair   Action Sought: to provide update 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motion Second In favor Opposed Disposition 
     

 

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

Attached is the Concord Finance Committee Liaison Report for their meeting on Thursday, 
December 19, 2024. 

 

Proposed Motion(s) 

Additional Information 

Board Action 

None anticipated. 
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Concord Finance CommiƩee Liaison Report 
For meeƟng on Thursday, December 19, 2024 | Last updated: 12/17/24 2:00 PM 
 

Board/CommiƩee Liaison Updates 
Select Board and 
General Updates 

Eric  Following up on December 16th joint meeƟng: Select Board Chair Mary Hartman is forming a working group to look at land use and 
would like to include a FinCom observer.  I have asked for volunteers and will designate someone by end of week.   

 Next Chairs’ breakfast is Wed 12/18 – will send a recap separately 
Concord Housing 
Development 
CorporaƟon 

Karlen Recapping December 3rd meeƟng:  
 The CHDC provided updates on the Assabet River Homes project (target closing date is April 1, 2025) and the buydown project (voted to 

encourage the Municipal Affordable Housing Trust to include condominiums in the mix of funding opportuniƟes). CHDC members 
appeared to unanimously support the inclusion of condos, noƟng concerns about the probability of finding a single family detached 
residence in the CHDC’s price range and the recurring problem of maintaining affordable single family homes. 

 Ms. Rust noted that the NOVO housing project on Baker Avenue needs to have its building permit issued by mid-April, 2025, in order to 
keep those units on the State Housing Index (SHI) roster. 

 CHDC members voted to extend the hold date for JuncƟon Village to  June 30, 2025, because the MCI Concord project looks like it wants 
to consider JuncƟon Village’s impact on development. 

 Chair Lee Smith is resigning his posiƟon as of Dec. 31, 2024; elecƟons for a new chair will occur at the CHDC’s next meeƟng. 
 Next meeƟng: Dec. 23, 2024 (8:00 a.m.). 

Concord Housing 
Roundtable 

Karlen Recapping December 10th meeƟng:  
 MeeƟng was cancelled because they could not get the Zoom link to work. Has been rescheduled to January 14, 2025, 5:00 p.m. at the 

Town House and via Zoom. Agenda with Zoom link is posted here: hƩps://concordma.gov/AgendaCenter/ViewFile/Agenda/_01142025-
12488  

Concord Municipal 
Light Board 

Karlen Recapping December 4th meeƟng:  
 The Director noted that it will parƟcipate in the Dec. 11 Sustainability Roundtable, which will be held at the Goodwin Forum, Library, 

and over Zoom. It will also be recorded. 
 The Light Plant is waiƟng for the School CommiƩee to sign a license agreement which the Light Plant needs before it lays fiber and solar 

panels at the new Middle School. 
 The Winter Moratorium is now in effect Ɵl March, so electric customers will not be cut off for non-payment of electric bills.  
 The Light Board approved the 2025 OperaƟng Forecast, which sets the stage for budgeƟng and for the 2025 proposed rates. 
 AŌer much discussion, the Light Board approved new 2025 electric rates for all classes of customers, to go into effect January 1, 2025. 

All customers will see the service fee increase from $18.50 to $20 per month. The Board approved increasing the expected Rate of 
Return from 2.5% to 3.5% to cover debt service from expected capital investments for the solar baƩery and panels at the new Middle 
School. For R-1 (residenƟal) customers who average 750 kilowaƩs usage per month, the rate impact is an increase of about 
$8.87/month. Some ETS (electric thermal storage) customers were unhappy about their R-3 rate increase for distribuƟon, so the Board 
agreed to look at it as part of next year’s planning. 

 Link to video: hƩps://www.youtube.com/watch?v=5fFtc7sCPLQ&ab_channel=MinutemanMediaNetwork  Link to meeƟng docs is here: 
https://www.concordma.gov/DocumentCenter/View/51653/2024-12-04-LB-Meeting-Agenda-with-Meeting-Materials 

 Next meeƟng is Jan. 8. 
Minuteman 
Regional High 
School 

Paul  Minuteman Regional High School is in the midst of developing their FY26 Budget, with the finance subcommiƩee reviewing the second 
draŌ of the budget.  The subcommiƩee originally expressed concern about the transportaƟon budget.  Bus transportaƟon is out for bid 
and they are experiencing increases in the cost of transportaƟon, some of which is Ɵed to an increase in the needs of students in foster 
care and in the faciliƟes designed to combat homelessness.  There is a State requirement to provide this type of transportaƟon for 
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students that lived in the district when they became a Minuteman student but now live out of district.  The Finance SubcommiƩee will 
present recommendaƟons to the full School CommiƩee in January before the budget hearing in Jan. 

Personnel Board Karlen Recapping December 10th meeƟng:  
 The Assistant Town Manager and Interim HR Director provided an overview of the new merit pay iniƟaƟve for Town employees, which 

now Ɵes employee goals to the Select Board’s goals. This is roughly the same overview given to the Select Board during its regular 
meeƟng on December 2, 2024 

 The Personnel Board considered and approved several new and revised job descripƟons, including a new posiƟon in the Finance 
Department, “Assistant Chief Financial Officer,” who will report to the CFO. This posiƟon is being adverƟsed now as Grade 15 and 
replaces a Special Projects manager posiƟon (Grade 14). There are no internal candidates at this Ɵme. The Town adverƟsed in the Mass 
Municipal Assn. and other municipal organizaƟons. Several candidates have applied and Mr. Ansaldi hopes to fill posiƟon soon. 

 Link to meeƟng documents: hƩps://concordma.gov/DocumentCenter/View/52950/Agenda-Packet-of-Personnel-Board-12-10-24 
Schools Dee & 

Pat 
Recapping the December 10th School Committee meeting:  
 A few reconsiderations in the proposed Schools budget, increasing number by about $33,000 but postponing repairs in the mix. 
 The superintendent's contract was voted to renew for FIVE years with a 5% increase PLUS 3% COLA this year and COLA every year. 
 The SC voted in the amenities building to get designed now. Cost $1.5-1.88 million. Hopefully they can find funds through donations, 

grants (working on this but timing may not be "in time" for Carlisle or Concord's Town Meeting) and CPA funds.   
Warner’s Pond Task 
Force 

Karlen Recapping November 13th meeting:  
 The Dam Removal work group presented their proposal, which contains several prioriƟzed elements: 1) restore Nashoba Brook as 

outlined in the 30% dam removal report by EA Engineering; 2) monitor and address invasive plants; 3) install info plaques at Kenny Dunn 
Square; 4) improve Commonwealth Ave and Gerow Park access points; 5) add a fishing/wildlife viewing plaƞorm; 6) connect trails 
around the wetland system; 7) restore stream channel; and 8) do limited dredging to increase the deep pool for recreaƟon. 

 Expected outcomes of Dam Removal proposal: 1) restoraƟon of Nashoba Brook, wetlands, connect waterways, reduce invasive plants, 
expand marsh habitat; 2) improve recreaƟon, water access, trail access, wildlife viewing and fishing access, increase historical 
informaƟon, mark safe walking trails, and improve water access to Scout Island; 3) miƟgate invasive plants, limit dredging for boat 
access. Funding may not be available for all phases right away. 

 Next meeƟng of the full Task Force is December 17, 2024, 6:00 p.m., Harvey Wheeler Community Center. A future public meeƟng on the 
three approaches may be held in late January or early February 2025. Then the Task Force would make its recommendaƟons to the 
Natural Resources Commission. 

 Video link: hƩps://www.youtube.com/watch?v=qNjAUkIGUgE&ab_channel=MinutemanMediaNetwork 
 
Recapping December 3rd and December 11th meetings of the “No Action/Short Term Solutions Subgroup”:  
 The No AcƟon group discussed their proposal, which may be presented at the full Task Force meeƟng on December 17, 6:00 p.m., 

Harvey Wheeler Community Center. 
 Of the three subgroup proposals, the No AcƟon proposal appears to be the least expensive, as its recommendaƟons are, essenƟally, to 

monitor and plan. 
 About $2M - $2.5M was set aside via CPC and capital funds for dredging; if no dredging occurs, then that money will be released. 
 Next meeƟng is Dec. 11 at 12:00 noon. 
 Dec. 11, 2024 meeƟng update: The group has finalized their proposal and will present it to the full Task Force on Dec. 17. 
 
Recapping December 4th meeƟng of the Dredging Subgroup:  
 The Dredging group reviewed some final edits to their three-prong proposal, which will be presented to the full Task Force on Dec. 17. 

That proposal is based on a bid / response to a Request for Interest by SumCo and includes: 



3 
 

 Dredging 35,800 cubic yards, esƟmated cost: $5.1M. 
 Dredging 50,000 cubic yards, esƟmated cost: $6.3M 
 Dredging 100,000 cubic yards, esƟmated cost: $10.3M 
 Up to 85,000 cubic yards of clean (non-contaminated) fill from the Warner’s Pond dredging project can be trucked to 2229 Main Street 

(StarMet property in Concord), which will be accepƟng fill for its development through 2027. 
 The Dredging group recommends geƫng a second bid. 
 The group’s proposal recommends CPA funds as the source for any addiƟonal funding. 
 Video link: hƩps://www.youtube.com/watch?v=dRPMlC2OuME&ab_channel=MinutemanMediaNetwork 

 



 

 

 

_____________________________________________________________________________________ 

Finance Committee FY25 Goals and 
Milestones/Schedule 
Progress check on Finance Committee schedule and goals 
Requested by: FC Chair  Action Sought: to hear update 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motion Second In favor Opposed Disposition 
     

 

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

The Finance Committee Chair Eric Dahlberg has requested this agenda item.  The Finance 
Committee will be reviewing their schedule for FY25 leading up to the 2025 Annual Town 
Meeting.  There will also be a progress check about goals, including Operations, Capital 
Budget, Revenue, Financial Policies, Liaisons, Communicating with Taxpayers, and any 
other item(s). 

Proposed Motion(s) 

Additional Information 

Board Action 

None anticipated. 



Concord Finance Committee 12/19/24 1

FY25 Schedule and Milestones | Version 12 (1 of 2)

Priorities: 
• Kick-off FY25
• ATM debrief
• Review mission, 

roles and 
responsibilities

• Make liaison 
assignment picks

• Start goals and 
key issues 
discussion

May 2024

Priorities: 
• Finalize liaison 

assignments
• Finalize goals and 

key issues to 
monitor

• Recap FY25 
guidelines process 
and preview FY26 

Priorities: 
• Draft FY26 

informational 
request letters to 
Town, CPS, 
CCRSD, and 
Minuteman to be 
sent in Sept.

• Notify Town, CPS, 
CCRSD, and 
Minuteman that 
FY26 requests are 
coming in Aug.

Priorities: 
• Review and 

approve FY26 
guideline 
inputs/metrics

• Finalize and send 
FY26 request 
letters (request 
responses in Oct).

Priorities: 
• Q&A with Town, 

Schools, and 
Minuteman on 
FY26 request 
letters

• Progress check on 
milestones and 
goals.

Priorities: 
• Review CPS, 

CCRSD (with 
Carlisle FinCom), 
and Minuteman 
FY26 budget info

• Kick-off planning 
for annual report

Jun 2024 Jul 2024 Aug 2024 Sep 2024 Oct 2024

Meeting 
date(s):
Thu 5/23

Meeting 
date(s): 
Thu 6/20

Meeting 
date(s): 

Mon 7/8 w/SB
Thu 7/18

Meeting 
date(s): 

Mon 8/19 w/SB
Mon 8/19

Thu 8/22 (visits)

Meeting 
date(s): 

Wed 9/4 (2229)
Thu 9/26

Meeting 
date(s): 
Thu 10/24

Note: For planning purposes only. All dates are tentative at this time. 

Priorities: 
• 11/7: Review 

Town FY26 
budget info

• 11/7: Review 
estimated tax 
impact of 
preliminary FY26 
guidelines

• 11/18: Continue 
capital planning

• 11/21: Approve 
FY26 preliminary 
guidelines

Nov 2024

Meeting 
date(s):
Thu 11/7

Mon 11/18 w/SB
Thu 11/21



Concord Finance Committee 12/19/24 2

FY25 Schedule and Milestones | Version 12 (2 of 2)

Priorities: 
• 12/16: Continue 

capital planning
• 12/19: Review 

revised five-year 
revenue and cost 
projections

• 12/19: Review tax 
impact of final 
FY26 guidelines

• 12/19: Approve 
final FY26 
guidelines

Priorities: 
• Review revised 

Town, CPS, 
CCRSD FY26 
budgets

• Public hearing on 
capital plan

• [FYI: Deadline for 
issuing guidelines: 
1/15]

Priorities: 
• Review FinCom-

relevant warrant 
articles (warrant 
closes 2/19)

• Draft annual 
report

• Prepare for public 
hearings on 
budget articles

Priorities:
• Continue drafting 

annual report

Priorities: 
• Hold public 

hearings: 
• Hearing 1 of 3 

(4/10): Town, 
CPS, CCRSD

• Hearing 2 of 3 
(4/15): MM, 
CPC

• 4/25: Vote on 
FinCom-relevant 
warrant articles

• Continue drafting 
annual report

Dec 2024 Jan 2025 Feb 2025 Mar 2025 Apr 2025

Meeting 
date(s): 
Mon 12/16 

w/SB
Thu 12/19

Meeting 
date(s): 
Thu 1/9

Meeting 
date(s): 
Thu 2/27

Meeting 
date(s): 
Thu 3/20

Meeting 
date(s): 

Thu 4/10 (PH1)
Tue 4/15 (PH2)

Thu 4/25

Note: For planning purposes only. All dates are tentative at this time. 

Priorities: 
• Hold public 

hearings: 
• Hearing 3 of 3 

(5/1): Enterprise 
Funds

• 5/8: Vote on 
FinCom-relevant 
warrant articles

• 5/8: Finalize and 
mail annual 
report (due 5/14)

• 5/22: Final 
preparations for 
ATM 

May 2025

Meeting 
date(s): 

Thu 5/1 (PH3)
Thu 5/8

Thu 5/22

Priorities: 
• Participate in ATM

Jun 2025

Meeting 
date(s): 

Mon 6/2 (ATM 
begins)



Concord Finance Committee 12/19/24 3

FY25 Goals | Progress Check

• Develop unified long-term capital plan (Town and Schools)
• Treat capital similarly across budget units

Capital

• Work with key stakeholders (Select Board, Economic Vitality, 2229 Task Force, MCI Task Force, etc) to identify 
and prioritize opportunities for revenue generation (outside of the property tax).

Revenue 

• Support staff initiative to update and document financial policiesFinancial Policies

• Prioritize areas we flagged for additional attention in FY25 (Minuteman Tech, 2229 Main Street, CPC, etc)Liaisons

• Continue focus on communications (with Dee as our liaison)
• Collaborate with Carlisle Finance Committee (especially on CCRSD)
• Make 5-year tax projection and annual report more interactive – allow taxpayers to adjust/estimate impacts

Communications

• Hit all target dates for key Finance Committee milestones detailed in big picture schedule (preliminary and final 
guidelines, 5-year tax projection, annual report, etc.)

Operations

• Others?Others?

(Last updated following June meeting)



 

 

 

_____________________________________________________________________________________ 

Correspondence 
Mail, letters, emails, presentation, etc. 
Requested by: Chief Financial Officer   Action Sought: to provide update 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Motion Second In favor Opposed Disposition 
     

 

Concord Finance Committee 
AGENDA ACTION REQUEST 
 

December 19, 2024 
 
 

Attached is correspondence received to the Finance Committee email account. 

Proposed Motion(s) 

Additional Information 

Board Action 

None anticipated. 



From: Miguele Echavarri
To: finance mail
Cc: ericrdahlberg@gmail.com; Anthony Ansaldi
Subject: Hold firm on Guidelines until there"s fiscal transparency on FTEs
Date: Saturday, December 7, 2024 9:33:16 AM
Attachments: A-1 FTE Chart Table.pdf

FTE-1 Comparison of Records Req to PB to FY23 Budget Book V2.pdf

Dear FinCom Members,
 
I would like to follow-up on my email to the Town Manager’s Office which I believe you were copied
on.
 
It’s my opinion that FinCom should hold firm on implementing a lower guideline. Mistakes with
FTEs in the FY24 Budget Book, and the unavailability of the FY25 Book and data, have led to a lack of
public transparency regarding staff expansions at Town Hall. I think it’s important to understand how
these hires impact our bottom line and we should gain that clarity before we entertain cuts to town
services that we directly rely upon. Refer to email and attachments(1).
 
Further, I’m afraid town leaders will first suggest cuts to these services before considering cuts to
their own departments. For example, at a recent joint meeting of FinCom, the Town Manager was
asked what areas she would consider cutting. Her response was somewhat lackluster, vaguely
citing cuts in permitting or cuts that may impact wait-times for ambulances. Link below.
 
https://youtu.be/Yc4W7-60xMU?si=JEJNODBUPQXitoey&t=1710
 
Here’s a suggestion, instead of reducing services that make our lives better, how about cutting
out-of-state employees who require housing reimbursements to work out of Concord offices? I
believe that alone would save the Town ~$163K per year, the equivalent of two to three CPW
workers. Perhaps I’m an outlier but I’d rather forgo the luxury of hiring an extra HR project manager if
it means reduced wait-times for ambulance services. Or allows us to retain CPW workers who
maintain our roads, fields and infrastructure.
 
To put this in perspective, it appears that 4.62 FTEs have been added since FY23, and that’s for just
two departments. Due to mistakes with (and the unavailability of) budget books and corresponding
data, those FTEs were added without sufficient public transparency. If imposing a lower guideline
leads to budget reductions, shouldn’t we understand the financial impact these FTEs have had on our
budget and understand the benefits they directly provide taxpayers?  That way we can assess
whether keeping Town Hall staffing high, is preferable to maintaining current levels of services that
residents rely upon(2).
 
Is expecting public transparency (on how our tax dollars are budgeted and spent) so unreasonable? It
wasn’t always like this, why has this become such a chore today?
 
Sincerely,

mailto:miguele@intelimapinc.com
mailto:finance@concordma.gov
mailto:ericrdahlberg@gmail.com
mailto:aansaldi@concordma.gov
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FYc4W7-60xMU%3Fsi%3DJEJNODBUPQXitoey%26t%3D1710&data=05%7C02%7Caansaldi%40concordma.gov%7Cc257ae8c1be345313a2108dd16cbf67f%7Cd5259e2c19154f4588b612488019ce3b%7C0%7C0%7C638691787958251704%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=xihr5eiwxRs6jMWWiy31byHfjCSGc4tyPcWiWHB%2FmVI%3D&reserved=0
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Chart-1








FTEs Delivered via Public Records Request 
Compared to FY23 Budget Book and FTE counts presented to Personnel Board (PB) on 10/13/24


Listing of positions (for TMO, HR & Sustainability) received via public records request - 12/04/24 YTD Comparison Comparison


Legal Name
Business Unit 
Description


Job Title Description
 Regular 


Rate 
FTE FTE PB(4)


FTE FY23 
Book(3)


Comments


Carmody, Christopher Town Manager's Office Risk & Compliance Programs Manager 88,787$      1.00


Fountain, Andrea Town Manager's Office Executive Assistant to the Select Board 80,912$      1.00


Lafleur, Kerry Town Manager's Office Town Manager 237,544$    1.00


Loring, Mimi Town Manager's Office Economic Vitality Manager 104,050$    1.00


McAndrew, Shannon Town Manager's Office Management Specialist 77,485$      1.00  - full time for 250th & TM study?


McIntosh, Donna Town Manager's Office Communications Manager 96,122$      1.00


Moore, Amanda Town Manager's Office Executive Assistant to the Town Manager 80,912$      1.00


Zammuto, Megan(5) Town Manager's Office Deputy Town Manager 161,890$    1.00


Hull, Martha(2) Town Manager's Office Senior Worker 15$              - did not include in FTE cnt


Total Town Manager's Office 927,717$    8.00 10.00 5.00


Porter, Jessica(6) Human Resources Assistant Town Manager 160,555$    1.00  - likely listed under TMO for PB


Begley, Magnolia Human Resources Senior Administrative Specialist 63,877$      1.00


Connerney, Shana Human Resources Human Resources Generalist 85,862$      1.00


McCahon, Marie Human Resources Human Resources Generalist 89,336$      1.00


McMorrow, Erin Human Resources Assistant Human Resources Director 99,278$      1.00


Simard, Malyssa Human Resources Benefits Manager 83,803$      1.00


Crum, Kimberly(1) Human Resources Management Specialist/Consultant 163,200$    1.00  - likely not listed in PB HR cnt


Total Human Resources 745,911$    7.00 5.00 5.38


Total HR & TMO 1,673,628$ 15.00 15.00 10.38  - Difference of 4.62 FTES


   compared to FY23 Book
(1) Estimated salary at $85/hour. Doesn't account for vacation time or housing & other reimbursements 
(2) Hours unknown so no yearly wage could be estimated - not included in FTE count
(3) FY23 Budget Book FTEs included in the count are for TMO and HR
(4) Information based on FTE counts presented to the Personnel Board on 10/13/24


(5) Job split into two senior  positions [a] deputy town manager and [b] Director of Planning and Land Management
(6) Position is also for Interim HR Director.  As with (5) will this position be split to create two senior administators?







Miguel Echavarri
Homeowner – 255 Commonwealth Ave
978-333-0385
 
Footnotes:
 

1. Attachment FTE-1 has been revised from what was delivered in the email to the Town Manager. References

to the Town Managers Office stated the FTEs included Sustainability. This is not the case and references

have been scrubbed from the revised chart. FTE numbers were not impacted and remain the same, just

references were updated.  
 

2. The TM Office will likely disagree with the number of FTEs posted in this and the below email. Please note

that they’ve already provided two different sets of numbers, one to the Personnel Board and another to a

public records request. Further, they have admitted to getting the TM Office FTEs wrong in the FY24 Budget

Book and never provided the data for FY25. BTW, why didn’t they tell us about the mistake when I first

brought this up? Further, they erroneously stated FY24 started with six FTEs instead of five. And while adding

two FTEs to their office in FY24, they cut their salary budget instead of increasing it to cover the new

positions. So while they’ll likely contest these numbers, keep in mind their track record is somewhat murky.

 
 

From: Miguele Echavarri <miguele@intelimapinc.com> 
Sent: Thursday, December 5, 2024 5:50 AM
To: 'Kerry Lafleur' <klafleur@concordma.gov>
Cc: redacted for brevity
Subject: RE: Budget Book Problems: PowerPoint isn't to blame - Check data integrity -
Allocate resources to Finance
 
Dear Kerry,
 
I can’t help but notice that the mistake you referenced in the FY24 Budget Book (listing five instead
of seven FTEs), coupled with not releasing a FY25 Book, allowed your office to expand without
sufficient public transparency or oversight. How can we review and debate staffing expansions if the
information was either wrong or not provided? Based on numbers obtained from Human Resources,
there are currently ten FTEs in your office which is double the FTEs listed in the FY23 Book (more on
this shortly).
 
Further, you strongly implied that your office entered FY24 with six FTEs; to support that claim you
cited prior FTEs hovering at 6.01. I took the liberty of charting FTEs in your office, from FY15 to FY25,
and found this claim to be in error. Specifically, FY23 staffing was reduced by one FTE, bringing it
down to five. This means FY24 began with five, not six FTEs as you asserted in your email. (Refer to
Chart-1 in attached A-1)
 



Besides the budget books, FY24 growth in FTEs should’ve been noticed by your salary budget but
this too was understated which further reduced public transparency. For example, in FY23 your
office spent $670K to fund five salaries. But you only budgeted $625K in FY24 and that was to fund
seven salaries, that’s $45K less to fund two additional staffers. Does that make sense? You were
able to pay those wages by overspending the account by $279K but again this was out of the public
view. I can’t help but notice that if you’d set your budget appropriately at $904K (instead of $625) this
would have sparked a healthy public debate.
 
This brings me to your comment about ten FTEs in your department. This number was produced by
your Human Resources department and is the only published document we could find. If this is
incorrect, you should require HR to fix the number and reallocate those positions to their proper
departments. (Refer to Table-1 in attached A-1)
 

Update – Yesterday I was forwarded a records request that shows staff-positions within the
Town Manager’s Office and Human Resources. I compared the FTEs listed in that data-release
and compared it to [1] what was presented to the Personnel Board and [2] the FTE count as
shown by the FY23 Budget Book. It differs from what was presented to the Personnel Board in
that it shows eight FTEs for your office and seven for HR. On a personal note, I’m relieved to
see you’ve kept staffing for your office under $1M.

 
I haven’t had time to fully review the comparison but I see that the contract HR employee
(who was hired temporarily for FY24 only) is included in the Human Resources FTE headcount.
You also stated there was a dedicated employee to support the 250th and Town Meeting
Study Committees however, it seems implausible there’s enough work to justify a full-time
staffer, especially since it’s my understanding the staffer doesn’t write meeting minutes. I also
note that HR does indeed have seven staffers which is inconsistent with other surrounding
towns, even those with light and water plants.  And finally, at first glance it appears that since
FY23, the town has added 4.62 FTEs in just two departments. Is this good business practice
especially considering the impact rising taxes will have on property owners? Have other FTEs
been added to other departments outside of public view?

 
Finally, you asked me to contact Finance about getting the FY25 data. We already had an email
exchange where I told you that Finance had difficulty retrieving the data. You copied the public
records-office to help facilitate retrieval of the information and I’ve since reached out but haven’t
heard back. I’m asking you because you said the data was in good shape and the system is working
well; so can I get the data? On a personal note, it’s surreal the town is unable (or perhaps unwilling) to
release financial data for the current fiscal year.  Yes, the budget book encompasses a lengthy
process but releasing the data should be as simple as pushing a button or two.
 
Miguel Echavarri
Homeowner – 255 Commonwealth Ave



978-333-0385
 



Table-1

Chart-1



FTEs Delivered via Public Records Request 
Compared to FY23 Budget Book and FTE counts presented to Personnel Board (PB) on 10/13/24

Listing of positions (for TMO, HR & Sustainability) received via public records request - 12/04/24 YTD Comparison Comparison

Legal Name
Business Unit 
Description

Job Title Description
 Regular 

Rate 
FTE FTE PB(4)

FTE FY23 
Book(3)

Comments

Carmody, Christopher Town Manager's Office Risk & Compliance Programs Manager 88,787$      1.00

Fountain, Andrea Town Manager's Office Executive Assistant to the Select Board 80,912$      1.00

Lafleur, Kerry Town Manager's Office Town Manager 237,544$    1.00

Loring, Mimi Town Manager's Office Economic Vitality Manager 104,050$    1.00

McAndrew, Shannon Town Manager's Office Management Specialist 77,485$      1.00  - full time for 250th & TM study?

McIntosh, Donna Town Manager's Office Communications Manager 96,122$      1.00

Moore, Amanda Town Manager's Office Executive Assistant to the Town Manager 80,912$      1.00

Zammuto, Megan(5) Town Manager's Office Deputy Town Manager 161,890$    1.00

Hull, Martha(2) Town Manager's Office Senior Worker 15$              - did not include in FTE cnt

Total Town Manager's Office 927,717$    8.00 10.00 5.00

Porter, Jessica(6) Human Resources Assistant Town Manager 160,555$    1.00  - likely listed under TMO for PB

Begley, Magnolia Human Resources Senior Administrative Specialist 63,877$      1.00

Connerney, Shana Human Resources Human Resources Generalist 85,862$      1.00

McCahon, Marie Human Resources Human Resources Generalist 89,336$      1.00

McMorrow, Erin Human Resources Assistant Human Resources Director 99,278$      1.00

Simard, Malyssa Human Resources Benefits Manager 83,803$      1.00

Crum, Kimberly(1) Human Resources Management Specialist/Consultant 163,200$    1.00  - likely not listed in PB HR cnt

Total Human Resources 745,911$    7.00 5.00 5.38

Total HR & TMO 1,673,628$ 15.00 15.00 10.38  - Difference of 4.62 FTES

   compared to FY23 Book
(1) Estimated salary at $85/hour. Doesn't account for vacation time or housing & other reimbursements 
(2) Hours unknown so no yearly wage could be estimated - not included in FTE count
(3) FY23 Budget Book FTEs included in the count are for TMO and HR
(4) Information based on FTE counts presented to the Personnel Board on 10/13/24

(5) Job split into two senior  positions [a] deputy town manager and [b] Director of Planning and Land Management
(6) Position is also for Interim HR Director.  As with (5) will this position be split to create two senior administators?



From: Miguele Echavarri
To: Kerry Lafleur
Cc: Mary Hartman; Terri Ackerman; Mark Howell; Wendy Rovelli; Cameron McKennitt; finance mail; Anthony Ansaldi
Subject: Question about FY24 Full-Time Employees (FTEs) - Proposed vs Actual
Date: Tuesday, December 17, 2024 2:24:59 PM
Attachments: FTE-2 FY24 FTEs.pdf

PB-1 Personnel Board FTEs - FY24 - Presented in May 2024.png

Dear Kerry,
 
In the FY24 Budget Book, the town proposed a total of 260 FTEs, which was supposed to be an
increase of 5.15 FTEs (refer to FTE-2, bottom of page).  However, actual FTEs presented in May to the
Personnel Board (which was during FY24) show 290 FTEs (refer to PB-1).  That’s an increase of 30
positions.
 
Did the town grow its staff by 30 FTEs instead of 5.15? If not, why the large differential? In an earlier
email, you told me that the Town Manager’s Office should’ve listed 7.0 instead of 5.0 FTEs in the
FY24 Book. Considering that error,  what other budget units were misstated and (combined) do they
add up to 30 FTEs?
 
Any clarity would be greatly appreciated.  BTW, Nathan was great and got me the FY25 Account data.
Thank you for your help in facilitating the release of this data.  
 
Sincerely,
Miguel Echavarri
Homeowner – 255 Commonwealth Ave
978-333-0385

mailto:miguele@intelimapinc.com
mailto:klafleur@concordma.gov
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Town of Concord
Regular Status Hires and Terminations

YTD 2024 (May 31, 2024)
5-31-2024 YTD 2024 YTD 2024
Department Headcount Hires Terminations
RFT RPT RFT RPT RFT RPT I
Resignations | Retirements| Resignations | Retirements]
Finance] 19 2
Fire} 49
Human Resources] 3 1
Human Services] 23 3 6 3 1
Information Technolog: 9 1 2 1
Libra 20 6 2
Light Plant] 38 2
Planning & Land Management} 19 1 4 3
Police] 43 4 1 1
Public Works| 57 4 6 1
Town Manager’s Office] 10 2
Grand Totals| 290 11 I 24 19 3








From: Heidi Kaiter
To: finance mail
Subject: Fw: Joint Meeting Take
Date: Tuesday, December 17, 2024 11:44:51 AM
Attachments: image.png

From: Heidi Kaiter <hkaiter@hotmail.com>
Sent: Tuesday, December 17, 2024 11:41 AM
To: Kerry Lafleur <klafleur@concordma.gov>
Cc: Megan Zammuto <mzammuto@concordma.gov>; Shannon McAndrew
<smcandrew@concordma.gov>
Subject: Joint Meeting Take
 
Dear Concord Town officials,

It was an interesting meeting of the FinCom, Select Board, Town Management and School
Administration and School Committee.

The meeting started with an announcement that there was a "ZOOM BOMB" so the meeting
needed to be conducted in a webinar format.

That was very interesting considering that I had just sent a fresh letter to the select board
about that very topic.  Curious...

Question: What was the content of the "zoom bomb" which I assume was some external call
in with an agenda?  What happened?  Was it just an excuse for the team to limit public
interaction using a webinar format?

Then, at some point, the webinar format changed to the normal format to allow for public
comments.   However, I noticed that my personal chat was disabled.

Town of Concord Violation Reminder: First Amendment and Free Speech (prohibiting citizens
from petitioning the government of grievances)

Grievances: 

1. The pfas laden plastic turf field was installed to poison the water in town.  Change my
mind. 

mailto:hkaiter@hotmail.com
mailto:finance@concordma.gov






WEFpanelistMarianaMazzucatoVaxFailedClimateTooAbstractPlanCwaterFearMongering.mp4

2. Endlessly overtaxing citizens via endless, expensive school project. (1.8 million for a
glorified potty)

3. Globalist agendas being pushed through via propaganda campaigns and backed by grant
bribes (the building 'matrix') 
What will become of MCI property?   15-Minute UN/WEF/MBTA smart city?  

4. Comment about expressing emotions during a meeting was uncalled for. It was
disrespectful and an insult to a board member.
WARNING: Beware of those people who are monotone, emotionless when they speak,
who lack a soul. 

Concord will get a dose of its own medicine when MASSPORT pushes through their agenda to
build up Hanscom hangars, just as Concord officials push through their globalist agendas on an
unsuspecting populace.

Oh, the irony that Concord will be 'celebrating' the 250th this year, when tyranny rules the
town.

My two cents...

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2F1drv.ms%2Fv%2Fs!ArRqjcEy5cn8vA17wywg9-cXgSnl&data=05%7C02%7Cfinance%40concordma.gov%7C3c56076cc7424bfb742008dd1eba1c5f%7Cd5259e2c19154f4588b612488019ce3b%7C0%7C0%7C638700506906133673%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=e20QOEROYNy0qoMtRj55TcA%2B1MpGe8kgOXG8Gpu5wNM%3D&reserved=0


From: Kimber Lynn Z. Drake
To: Ann Clifford; finance mail
Subject: please support the CCHS amenities building...and THANK YOU
Date: Tuesday, December 17, 2024 9:46:09 AM

You don't often get email from kimber.drake@comcast.net. Learn why this is important

Hello CPC and FinCom,
I was delighted to hear that the school committee was able to find lower-cost options
for the CCHS amenities building after a recent change in plumbing codes.
Let's please take advantage of this opportunity to get an amenities building in place,
before prices go up again.
I understand that the majority of the field use is community, not cchs students, so it
makes sense that the CPC be able to use some of its funds for this purpose.  Please
consider doing so.
And to FinCom, thank you very much for your approach of working closely and
cooperatively with both the school committee and the town when developing
guidelines.  Your recommendations for Town Meeting are so important and
influential.  Please support the amenities building project.
To both committees, thank you also for your volunteer service to the citizens of
Concord.  I'm sure it's not easy, and probably feels thankless at times.  Your efforts
are much appreciated!
Best,
Kimber Lynn Drake
452 Laws Brook Road

mailto:kimber.drake@comcast.net
mailto:aclifford@concordma.gov
mailto:finance@concordma.gov
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From: Jamie Ring
To: finance mail
Subject: use of CPC funds for High School amenities building
Date: Monday, December 16, 2024 6:47:28 PM

Hello,
I wanted to contact the finance committee to express my support in making a request to the
CPC to consider helping fund the bathroom amenities for the Concord Carlisle High School. 
I've understood there may be excess taxpayer/grant money available for town related projects
and given this facility is used by students and teams from a variety of programs, not just the
high school, it would seem a reasonable use of funds.  Thank you for your consideration.
Jamie Ring
80 Riverdale Road
Concord, MA 

mailto:jamiemango@gmail.com
mailto:finance@concordma.gov


From: Keith Jones
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Turf Fields
Date: Monday, December 16, 2024 5:54:58 PM

You don't often get email from mckjiii@comcast.net. Learn why this is important

Dear Town Manager, Select Board and Finance Committee Members,
We are writing in support of replacement of the worn turf of The Doug White Fields
with modern turf.  We are long time Concord residents, and our children played
multiple sports on the Doug White Fields, including high school lacrosse and soccer.
These fields are essential part of our community youth sports programs and used by
thousands of players each season.  Conversion to grass fields would be unable to
sustain this amount of use.
As you are surely aware, grass fields require a significant amount of maintenance,
including water and fertilizer.  This will create additional costs and it is our
understanding The Friends of CC Playing Fields organization has accumulated $1.5M
to pay for turf replacement and not unnecessarily burden the Concord-Carlisle
taxpayers.
We hope you will agree the replacement of the existing turf on The Doug White Fields
with a modern turf surface is the best decision.
Respectively,
Linda and Keith Jones
114 Grove Street
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From: Mark Rus
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Please Support the Replacement of Turf at Doug White Fields
Date: Monday, December 16, 2024 5:18:30 PM

Some people who received this message don't often get email from markrus@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf
at Doug White Fields with modern turf. I believe this is the best option for our
community for several reasons.

The Doug White Fields are used by thousands of players each season, across
multiple sports. This equals hundreds of hours of continuous
usage. These fields are used by both high level youth sports programs and
state championship level high-school programs who require quality playing
surfaces. But Concord weather produces rain, snow, sleet, heat and drought
that all affect the quality and availability of grass fields.  

Therefore, turf is the only surface that can accommodate both the volume of
usage and weather while remaining consistent, playable, and available.

In addition, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf. Those
funds are available and ready to use, but cannot be used for grass fields given
that grass would dramatically limit access to the youth sports programs that
have helped fund the replacement.

I have three children who use the fields constantly as part of CCYS (where I've
volunteered as a coach for years and also serve as Travel Soccer Director),
CCYL, and Flag Football. My daughter hopes to play field hockey one day when
she is older, which I understand is also played on the turf fields. I am uncertain
as well on what the future of Cushing field access will be for our town soccer
and other programs, with the redevelopment of Peabody post closure...this
could further reduce our town's field capacity. Overall, the proven detrimental
effects of drastically limiting our children and young adults' access to healthy
outdoor sports and recreation time (which I believe would happen if grass
fields are introduced at Doug White), combined with the negative financial
effects on the community of having to find the capital to fund it, means that the
best path forward for the town is to replace the turf with modern turf (via
accessing the Friends of CC Playing Fields $1.5M, which also offers a capital
efficient way forward for the taxpayers of Concord). 

Thanks for all you do for Concord

Mark & Mara Rus
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mailto:klafleur@concordma.gov
mailto:mzammuto@concordma.gov
mailto:mhartman@concordma.gov
mailto:markhowell@concordma.gov
mailto:tackerman@concordma.gov
mailto:cmckennitt@concordma.gov
mailto:wrovelli@concordma.gov
mailto:wrovelli@concordma.gov
mailto:finance@concordma.gov
https://aka.ms/LearnAboutSenderIdentification
https://aka.ms/LearnAboutSenderIdentification


20 Authors Road



Caution: This is an external email and has a suspicious subject or content. Please take
care when clicking links or opening attachments. When in doubt, contact the IT
Department (support@concordma.gov).

From: Ben Small
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields request
Date: Monday, December 16, 2024 4:02:10 PM

Some people who received this message don't often get email from ben.small@birchviewcapital.com. Learn why
this is important

Dear Select Board, Town Managers, and Finance Committee,
 
Before I start, I just wanted to thank you for all your hard work for our town.  I know it’s not easy.  I am
writing because I have been brought up to speed on the situation with the Doug White Fields and I
believe it’s essential that we replace the turf at Doug White Fields with modern turf.
 
I grew up in Concord and actually played sports on what used to be the grass fields behind the high
school.  We called it the “Dust Bowl”, because it was so hard to maintain the grass, and that was
only with a few high school sports teams using the fields.  Today, I am on the board of CC Youth
Lacrosse and have coached two sons who have played town lacrosse, town soccer, town flag
football, and Liverpool soccer.  All four of these programs are run on the Doug White Fields, so I
called them a second home and know how much use these fields get.  In addition to these incredible
youth programs, we also have top tier high school varsity and JV soccer, lacrosse, rugby, and field
hockey programs on these fields.  There is no way grass fields could accommodate all of this use
with the type of weather we get here in New England.
 
As I have come to understand, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf.  Those funds are available and
ready to use, but cannot and will not be used for grass fields.  Grass fields just wouldn’t be able to
handle the load of all the youth sports programs (which of course have set aside all of this money to
help fund the replacement turf fields in the first place) not to mention the high school programs.
 
I recognize that there have been environmental concerns in the past with the rubber crumb turf fields,
but I am looking right now at a recent EPA study showing no evidence of incremental toxicity
exposure to athletes from rubber crumb.   Grass fields also have environmental impacts.   Think
about all the water and fertilizers required not to mention the gas powered lawn mowers to mow it
all.   And how about the cost of ripping out the turf and putting in all the new sod, since you would no
longer have the $1.5 million from the Friends of CC Playing Fields organization.
 
It just seems like a no brainer to me.
 
Thank you for your consideration.
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Ben Small  
Board Member CC Youth Lacrosse
CC Youth lacrosse coach, CC Flag Football coach, and former CC Youth soccer coach
390 Elm Street
 
 
 
 
 
 
 
Ben Small
COO
Birchview Capital
617-359-3820   
ben.small@birchviewcapital.com
 
This e-mail and the information contained herein is confidential and is solely for the use of the intended recipient. If you are not an
intended recipient, you should notify the sender and permanently delete the message and any related attachments from your system
immediately. Delivery of this e-mail or any of the information contained herein to anyone other than the recipient or his or her designated
representative is unauthorized and any other use, reproduction, distribution or copying of this e-mail or the information contained herein,
in whole or in part, is prohibited. This communication is for information purposes only and should not be regarded as an offer to sell or as
a solicitation of an offer to buy any financial product or service, an official confirmation of any transaction, or as an official statement of
the entity sending this message. Email transmission cannot be guaranteed to be secure or error-free. Therefore, we do not represent that
this information is complete or accurate and it should not be relied upon as such.?? Birchview does not accept any responsibility to update
any opinions or other information contained in this email.?? Birchview may buy or sell securities and collect information to assist us in
making investment decisions. We do not wish to receive any information that you are obliged to keep confidential, are not authorized to
provide to us, or were not authorized to receive, and we do not agree to keep confidential any information that you disclose to us or to
restrict our trading in any securities based on information that you provide to us. We expect that you will comply with any confidentiality
obligations that you have, including those from any confidentiality agreement.
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From: Paul Tibbitt
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Field Replacement
Date: Monday, December 16, 2024 3:55:46 PM

You don't often get email from ptibbitt@yahoo.com. Learn why this is important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to add my voice to those in favor of replacing the turf at Doug White Fields with modern turf.
As a father of 3 sons participating in multiple sports in town (2 actively) and many years as a volunteer
coach, this is an important topic for our family and one for which I have taken the time to educate myself

Based on the data (and my own personal experience) the Doug White Fields are heavily used nearly year
round across multiple sports. The current level of usage is only possible using an artificial surface. Throw
in the variable, often in-climate weather in New England, and grass would not satisfy the current need. I
read a comment in the Bridge on Friday that usage could be spread across more facilities throughout
town. Unfortunately that is not a viable solution as the facilities around town are very often at capacity
during the school year, with many teams having to share a limited number of appropriate fields. 

I am certainly not anti-grass and would get behind that option if I thought it was a realistic. I am, however,
anti-social media for kids, anti-obesity, anti-gaming multiple hours a day - all of which could be
unintended consequences of taking a critical outdoor facility out of circulation multiple days a year due to
weather and overuse.

Thank you for your careful consideration and service to the town.

Paul Tibbitt
120 Bartlett Hill Rd.
781.424.1485
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From: Brynn Chaffee
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Turf Fields
Date: Monday, December 16, 2024 3:53:14 PM

Some people who received this message don't often get email from brynnchaffee7@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

My name is Brynn Chaffee. As one of the 2025 varsity field hockey captains, I am writing to
formally request that the decision be made to replace the turf on Doug White Fields with
modern turf. I believe this is the best option for our community for several reasons.

Doug White Fields are used by thousands of players each season, across many sports. It's now
expected, at the high school athletic level, to have turf fields for highly competitive play. Our
fields are used by both high-level youth sports programs and state championship-level high-
school programs that require quality playing surfaces.

Turf is the only surface that can accommodate both the volume of usage and weather while
remaining consistent, playable, and available. With the replacement of grass, it would change
every game. Grass fields would also make CC an unpleasant opponent as it is a surface that
changes how teams play heavily.

I have personal experience playing on grass fields in middle school and it is a drastic
difference from playing on turf. The Concord-Carlisle Field Hockey program is a very strong
program with highly skilled athletes who depend on turf for practicing and competing. 

In addition, the Friends of CC Playing Fields organization has acquired over $1.5 million over
the past 16 years for the eventual replacement of this turf. Those funds are available and ready
to use, but cannot be used for grass fields given that grass would dramatically limit access to
the youth sports programs that have helped fund the replacement.

Thank you for your time and consideration.

Please consider the future of CC athletes and make the right decision to maintain turf fields at
CCHS.

Sincerely,
Brynn Chaffee
152 Deacon Haynes Road, Concord, MA, 01742
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From: Peter Alternative
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the turf at Doug White Fields
Date: Monday, December 16, 2024 12:46:11 PM

Some people who received this message don't often get email from myleswyatt2@gmail.com. Learn why this is
important

Replacing the turf at Doug White Fields

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf at Doug White
Fields with modern turf. I believe this is the best option for our community for several reasons.

Doug White Fields are used by thousands of players each season, across multiple sports. This
equals hundreds of hours of continuous usage. These fields are used by both high level youth
sports programs and state championship level high-school programs who require quality
playing surfaces. But Concord weather produces rain, snow, sleet, heat and drought that all
affect the quality and availability of grass fields.  

Therefore, turf is the only surface that can accommodate both the volume of usage and
weather while remaining consistent, playable, and available. .

In addition, the Friends of CC Playing Fields organization has accumulated over $1.5M over
the past 16 years for the eventual replacement of this turf. Those funds are available and ready
to use, but cannot be used for grass fields given that grass would dramatically limit access to
the youth sports programs that have helped fund the replacement.

Thank you for your time and consideration.

Peter Alternative
109 oak road
 concord, ma.
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From: WILLIAM RUSH
To: Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy Rovelli
Cc: finance mail; Kerry Lafleur; Megan Zammuto
Subject: Turf replacement at Doug White Memorial Fields
Date: Monday, December 16, 2024 11:42:31 AM

You don't often get email from roger.rush@comcast.net. Learn why this is important

Dear Select Board members,
I want to register my full support as a Concord Town rate payer for the content of the
letter copied below from the Friends of Concord Carlisle Girls Soccer regarding the
replacement turf on the Doug White Memorial Fields. Please endorse the use of the
funds saved by this group for the turf replacement and do not support any additional
cost to the town ratepayers. The current tax burden we have, not least of which for
the new middle school, is crippling enough without adding to it.
Roger Rush
67 Conant Street 
From: FOCCG Soccer <foccgs@gmail.com> 
Date: Sun, Dec 15, 2024 at 10:44 AM 
Subject: Important information regarding Doug White Fields 
To: FOCCG Soccer <FOCCGS@gmail.com>

Dear CCHS Girls Soccer Families,
We are writing to ask for your support as we look to have the turf on the Doug White
Memorial Fields replaced. As members of the local sports community, we believe it is
crucial that these fields remain high-quality, consistent, and playable to meet the
needs of both youth sports and high school programs.  There is a large, organized,
group of people within the Town of Concord who are lobbying hard to have the turf
fields replaced with natural grass.  As a board, we feel very strongly that this will
drastically impact our soccer program as well as thousands of other athletes who use
these fields on a regular basis.
The unpredictable New England weather — ranging from rain, snow, and sleet to
intense heat and drought—poses significant challenges for natural grass fields. Grass
fields simply cannot withstand the volume of usage or the varying weather conditions
we face throughout the year. In contrast, turf fields provide a reliable, year-round
surface that can accommodate the high demand for practices, games, and
tournaments.
The Doug White Turf Fields serve both high-level youth sports and state
championship-level high school programs. It is imperative that these athletes have
access to a consistent, playable surface to ensure the quality of their training and
competition. Turf is the only surface that can offer this level of consistency, regardless
of the weather, and remain available for use throughout the entire year.
While we understand that there are environmental concerns regarding turf, it’s
important to consider that grass fields also require significant resources.
Maintenance, mowing, irrigation, and fertilization come with both environmental and
financial costs. Additionally, grass fields require constant upkeep to keep them in
playable condition, especially when lining fields for multiple sports such as football,
lacrosse, field hockey, and soccer. Turf fields, on the other hand, only require the
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lines to be applied once during manufacturing, saving time, money, and resources. It
should also be noted that the Friends of CC Fields has over $1.5 million reserved to
pay for this turf replacement.  This would not be funded by taxpayers. If we were to
move to grass fields, this would become an ongoing taxpayer expense.
For all of these reasons, we believe replacing the Doug White Turf Fields with artificial
turf is the best decision for our community, and we encourage you to support this
important initiative. By maintaining and improving our turf fields, we will continue to
provide a high-quality, sustainable, and accessible space for all athletes in Concord
and Carlisle. We are in no means “anti-grass”, however, changing our turf fields to
natural grass will decimate our program as the fields would become consistently
unavailable, unplayable, and poor quality. Please help ensure that the people who will
make this decision understand that.
Please consider attending the Select Board meeting tomorrow, Monday, December
16th. A strong presence will help the members of the town leadership understand the
importance of our stance. We will share the Zoom link in a separate email.
Information regarding the select board meeting can be found here: Info
is https://www.concordma.gov/1180/Select-Board
If you are interested and able, please consider sharing your views with the following
town leaders:

Town Managers:
Kelly LaFleur, Town Manager - klafleur@concordma.gov
Megan Zammuto, Deputy Town Manager/Dir. Planning and Land
Management - mzammuto@concordma.gov

Select Board:
Mary Hartman, Chair - mhartman@concordma.gov
Mark Howell, Clerk - markhowell@concordma.gov
Terri Ackerman - tackerman@concordma.gov
Cameron McKennitt - cmckennitt@concordma.gov
Wendy Rovelly - wrovelli@concordma.gov

Finance Committee:
 Eric Dahlberg, Chair - finance@concordma.gov

Thank you for your attention to this matter, and for your ongoing commitment to
supporting local sports. 
Sincerely,
Friends of Concord Carlisle Girls Soccer
Sandy Graham
Peter Annunziata
Amy Caggiano
Carrie Delaney
Laura Hutchinson Cox
Lori Johnson
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From: Mark Chaffee
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: CCHS replacement fields
Date: Monday, December 16, 2024 9:45:21 AM

Some people who received this message don't often get email from mchaffee10@hotmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf at Doug
White Fields with modern turf. I believe this is the best option for our community for
several reasons.

Doug White Fields are used by thousands of players each season, across multiple
sports. This equals hundreds of hours of continuous usage. These fields are used by
both high level youth sports programs and state championship level high-school
programs who require quality playing surfaces. But Concord weather produces rain,
snow, sleet, heat and drought that all affect the quality and availability of grass
fields.  

Therefore, turf is the only surface that can accommodate both the volume of
usage and weather while remaining consistent, playable, and available. 

In addition, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf. Those
funds are available and ready to use, but cannot be used for grass fields given that
grass would dramatically limit access to the youth sports programs that have helped
fund the replacement.

Thank you for your time and consideration. 
Please don't make a mistake that will end up increasing costs; this is the time to
choose the best option for the future of Concord sports and the wallets of residents.

Mark Chaffee
152 Deacon Haynes Road
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From: Jennifer Bridgman
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields
Date: Monday, December 16, 2024 8:39:48 AM

You don't often get email from jlhoneyman@comcast.net. Learn why this is important

Dear Town Managers, Select Board, and Finance Committee,
I'm writing to express my support for the replacement of the Doug White Turf fields
with new, modern turf. My daughters are 14 and 16 years old and have used these
fields for sports since they were very young all the way through today in high school. I
understand the current turf has reached the end of its life span, and also understand
there is support for replacing these fields with grass fields. I believe changing these
fields to grass would alter CC sports negatively for many, many years to come, as
well as alter the way games are played. My daughters play field hockey, among other
sports, and playing field hockey on grass is an entirely different game than playing on
turf. This will impair the teams' abilities to be competitive in a league where other
teams are regularly practicing and playing games on quality turf fields.
In addition to specific sport disadvantages, the highly variable weather in Concord
would cause teams to lose countless hours of playing time because of necessary
cancellations to protect grass fields in poor weather conditions. The Doug White fields
are used by thousands of players each season and it's important that the fields are of
high quality to support the level of play that happens here. Turf is the only surface that
can support the hundreds of hours of continuous usage the fields receive. The
Friends of CC Playing Fields has accumulated over $1.5M over the past 16 years for
the replacement of the current turf fields with new turf fields. Those funds are
available and ready to use for turf only, which will significantly help defray the cost to
the town of replacing the current fields.
I believe a driving force behind the movement to put grass fields in at Doug White is
environmental impact, but as I understand it, the comparison between turf and grass
is close to being a wash, making the many downsides of grass fields in this location
simply not worth whatever small gains they may provide. The EPA recently released
a long term study showing no evidence of incremental toxicity exposure to athletes
from rubber crumb. And while turf certainly does have an environmental impact, grass
does too and requires constant maintenance, mowing, irrigation and fertilization,
which is both costly and has environmental impact.
I hope you will advocate for athletes, families, and CCHS programs by supporting the
replacement of the Doug White turf fields with new turf fields, and take advantage of
the funds available for this project from the Friends of CC Playing Fields. Thank you
for your time reading my letter, and for all of the work you do to support Concord.
Sincerely,
Jennifer Bridgman
100 Alcott Road
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From: Sean Ruhmann
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; finance mail; Terri Ackerman; Wendy Rovelli
Subject: Please keep the Doug White Fields Turf
Date: Monday, December 16, 2024 6:31:44 AM

You don't often get email from sean.ruhmann@mac.com. Learn why this is important

Dear All,

I am a concord resident at 10 Wood Street. I have two children at CCHS and have spent a lot
of time at the Doug White Fields.

Please keep these fields Turf.

Although i love grass fields (for certain sports), from a use, functionality and cost standpoint,
it does not make sense to convert these fields to grass.

These fields get used too much to sustain grass. If converted, the fields would very quickly
become dirt patches, without significant resources to maintain and re-sod repeatedly and
regularly. 

In addition, not all sports can play on grass. Field Hockey, as one example, is now a turf sport
(so much so that US colleges now have special turf fields for their teams). If the field hockey
programs were to play on grass it would put CC players at a disadvantage vs other local
towns/teams and also for any players seeking to continue playing in college. 

I could expand on the above but will keep this email short. 

kind regards,
Sean Ruhmann

---------- Forwarded message ---------
From: FOCCG Soccer <foccgs@gmail.com>
Date: Sun, Dec 15, 2024 at 10:44 AM
Subject: Important information regarding Doug White Fields
To: FOCCG Soccer <FOCCGS@gmail.com>

Dear CCHS Girls Soccer Families,

We are writing to ask for your support as we look to have the turf on the
Doug White Memorial Fields replaced. As members of the local sports
community, we believe it is crucial that these fields remain high-quality,
consistent, and playable to meet the needs of both youth sports and high
school programs.  There is a large, organized, group of people within the
Town of Concord who are lobbying hard to have the turf fields replaced
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with natural grass.  As a board, we feel very strongly that this will
drastically impact our soccer program as well as thousands of other
athletes who use these fields on a regular basis.

The unpredictable New England weather — ranging from rain, snow, and
sleet to intense heat and drought—poses significant challenges for natural
grass fields. Grass fields simply cannot withstand the volume of usage or
the varying weather conditions we face throughout the year. In contrast,
turf fields provide a reliable, year-round surface that can accommodate the
high demand for practices, games, and tournaments.

The Doug White Turf Fields serve both high-level youth sports and state
championship-level high school programs. It is imperative that these
athletes have access to a consistent, playable surface to ensure the
quality of their training and competition. Turf is the only surface that can
offer this level of consistency, regardless of the weather, and remain
available for use throughout the entire year.

While we understand that there are environmental concerns regarding turf,
it’s important to consider that grass fields also require significant
resources. Maintenance, mowing, irrigation, and fertilization come with
both environmental and financial costs. Additionally, grass fields require
constant upkeep to keep them in playable condition, especially when lining
fields for multiple sports such as football, lacrosse, field hockey, and
soccer. Turf fields, on the other hand, only require the lines to be applied
once during manufacturing, saving time, money, and resources. It should
also be noted that the Friends of CC Fields has over $1.5 million
reserved to pay for this turf replacement.  This would not be funded
by taxpayers. If we were to move to grass fields, this would become
an ongoing taxpayer expense.

For all of these reasons, we believe replacing the Doug White Turf Fields
with artificial turf is the best decision for our community, and we
encourage you to support this important initiative. By maintaining and
improving our turf fields, we will continue to provide a high-quality,
sustainable, and accessible space for all athletes in Concord and Carlisle.
We are in no means “anti-grass”, however, changing our turf fields to
natural grass will decimate our program as the fields would become
consistently unavailable, unplayable, and poor quality. Please help
ensure that the people who will make this decision understand that.

Please consider attending the Select Board meeting tomorrow, Monday,



December 16th. A strong presence will help the members of the town
leadership understand the importance of our stance. We will share the
Zoom link in a separate email. Information regarding the select board
meeting can be found here: Info is
https://www.concordma.gov/1180/Select-Board

If you are interested and able, please consider sharing your views with the
following town leaders:

Town Managers:

Kelly LaFleur, Town Manager - klafleur@concordma.gov

Megan Zammuto, Deputy Town Manager/Dir. Planning and 
Land Management - mzammuto@concordma.gov

Select Board:

Mary Hartman, Chair - mhartman@concordma.gov

Mark Howell, Clerk - markhowell@concordma.gov

Terri Ackerman - tackerman@concordma.gov

Cameron McKennitt - cmckennitt@concordma.gov

Wendy Rovelly - wrovelli@concordma.gov

Finance Committee:

 Eric Dahlberg, Chair - finance@concordma.gov

Thank you for your attention to this matter, and for your ongoing

https://www.concordma.gov/1180/Select-Board
mailto:klafleur@concordma.gov
mailto:mzammuto@concordma.gov
mailto:mhartman@concordma.gov
mailto:markhowell@concordma.gov
mailto:tackerman@concordma.gov
mailto:cmckennitt@concordma.gov
mailto:wrovelli@concordma.gov
mailto:finance@concordma.gov


commitment to supporting local sports. 

Sincerely,

Friends of Concord Carlisle Girls Soccer

Sandy Graham

Peter Annunziata

Amy Caggiano

Carrie Delaney

Laura Hutchinson Cox

Lori Johnson



From: Sue Reynolds
To: Kerry Lafleur; Mary Hartman; finance mail; Megan Zammuto; Mark Howell; Terri Ackerman; Cameron McKennitt;

Wendy Rovelli
Subject: Replacing Doug White Turf Fields
Date: Sunday, December 15, 2024 7:57:33 PM

Some people who received this message don't often get email from suereyn@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

My name is Sue Reynolds, and my husband, Chad and I have been Concord residents for 
ten years and our three children have benefitted from the use of the Doug White turf fields 
every season for various sports since we moved here. We were both CCYL coaches for the 
past 8 years, former CCYS soccer coaches and both currently sit on the boards for Friends 
of CCHS Girls and Boys Lacrosse along with Friends of CCHS Alpine Ski. 

We would urge you to support the use of funds that have been put aside to replace the 
Doug White turf fields. When we pay a fee to sign up for a particular sport, we all pay for 
the maintenance of the fields (a $50 fee per season per child was built into the cost of 
signing up for any town sports team). These funds were wisely collected for the 
maintenance of the turf field. It is my understanding that the funds can only be used for that 
purpose and therefore when the turf is deemed unplayable, we would be left waiting for 
grass fields to somehow be paid for, installed and maintained by another source. Using 
these funds for anything other than reconditioning or replacing the turf would be misuse of 
the saved funds.

While we understand some of the drawbacks of turf fields, it seems impossible to think that 
grass fields could handle the amount of use the turf fields handle in a given day. We have 
so many active adults and children in this community, it is not feasible to think that all of the 
activities and events that are currently happening on the turf could happen on grass. The 
sheer number of athletes and games combined with inclement weather could result in 
massive rescheduling issues and a variety of safety issues.  

Thank you for your consideration,

Sue and Chad Reynolds
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From: Carrie Chaffee
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Cc: Mark Chaffee
Subject: CCHS replacement fields
Date: Sunday, December 15, 2024 7:33:50 PM

Some people who received this message don't often get email from carrieechaffee@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf at Doug
White Fields with modern turf. I believe this is the best option for our community for
several reasons.

Doug White Fields are used by thousands of players each season, across multiple
sports. This equals hundreds of hours of continuous usage. These fields are used by
both high level youth sports programs and state championship level high-school
programs who require quality playing surfaces. But Concord weather produces rain,
snow, sleet, heat and drought that all affect the quality and availability of grass
fields.  

Therefore, turf is the only surface that can accommodate both the volume of
usage and weather while remaining consistent, playable, and available. .

In addition, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf. Those
funds are available and ready to use, but cannot be used for grass fields given that
grass would dramatically limit access to the youth sports programs that have helped
fund the replacement.

Thank you for your time and consideration. 
Please don't make a mistake that will end up increasing costs; this is the time to
choose the best option for the future of Concord sports and the wallets of residents.
Carrie Chaffee
152 Deacon Haynes Road
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From: Rigazio Troxler
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; finance mail; Wendy Rovelli
Subject: Request for Turf Replacement at Doug White Fields
Date: Sunday, December 15, 2024 3:16:58 PM

Some people who received this message don't often get email from jtroxler@hotmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request the decision to replace the current turf at Doug White Fields
with modern turf. I believe this is the most beneficial choice for our community for several
important reasons.

Doug White Fields serves as a vital resource for thousands of players each season, across
multiple sports. These fields are utilized for hundreds of hours each year by both high-level
youth sports programs and state championship-level high school teams, all of which require
high-quality, reliable playing surfaces. However, Concord’s unpredictable weather—ranging
from rain and snow to extreme heat and drought—frequently impacts the quality and
availability of grass fields.

Given these conditions, turf is the only surface capable of withstanding both the heavy usage
and diverse weather conditions while maintaining a consistent, playable, and safe
environment throughout the year.

Additionally, the Friends of CC Playing Fields organization has raised over $1.5 million over the
past 16 years specifically for the replacement of the current turf. These funds are ready and
available for use, but they cannot be allocated to grass fields, as grass would significantly limit
access to the youth sports programs that have contributed to this fund.

I respectfully request your support in making the decision to move forward with replacing the
turf at Doug White Fields. This investment will ensure our community continues to have a
high-quality, accessible playing surface for years to come.

Thank you for your time and consideration.

Sincerely,

Caroline and Mark Rigazio
142 Chestnut St. Concord
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From: Lee Hadlow Halloran
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Turf replacement @ Doug White
Date: Sunday, December 15, 2024 2:09:05 PM

Some people who received this message don't often get email from lhadlow@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to express my support for the immediate replacement of the existing turf at Doug
White Fields with modern turf. As a parent of three kids who benefit from these high quality
playing surfaces and a volunteer for CCYL, I see firsthand how important these fields are for
the long-term sustainability of our exceptional youth and high school sports programming. 

Our community depends on us to ensure our programs can continue to thrive, and turf fields
are essential to making that happen. 

Doug White Fields are used by thousands of players each season across multiple sports, with
hundreds of hours of continuous use by high-level youth and state championship high-school
programs. Turf is the only surface that can handle this high volume of use and unpredictable
weather while remaining consistent, playable, and available.

The Friends of CC Playing Fields have raised over $1.5M over 16 years for turf replacement,
which is ready to be used but cannot be applied to grass fields, as grass would severely limit
access for the youth sports programs funding the project.

Thank you for your consideration. 

Lee Halloran 
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From: Rob Morrison
To: Mary Hartman; Kerry Lafleur; Mark Howell; Wendy Rovelli; Donna McIntosh; finance mail; Megan Zammuto
Subject: Doug White Fields - a slightly different viewpoint I hope!
Date: Sunday, December 15, 2024 11:54:49 AM

Dear select board, town, manager, and finance committee,

As a coach for Concord youth soccer and at the Fenn School for over 20 years, I have 
witnessed the impact of the installation of turf fields at two different locations. I’d like to 
highlight a few ideas that I haven’t heard from the Concord community so far.

Turf fields need little annual maintenance. Periodically, the crumb is re-brushed back into 
the substrate, but this is a relatively quick and easy job. Natural fields need regular mowing 
and lining on a biweekly basis. What is the cost in terms of pollution and actual dollars in 
order to line and mow grass fields throughout the town?

To maintain top-class grass fields for  top-class programs at CCHS, these fields will need to 
be pampered. Usage in the autumn will fall almost exclusively to the high school program to 
support their varsity, junior varsity, and freshman teams. A soccer pitch can only take so 
much usage, and evening practices under the lights will most likely be eliminated in order to 
let the fields have a chance to rest. The fields will need to be installed with sprinkler 
systems and fertilized regularly. When insecticide or herbicide needs to be applied, the 
fields will be closed. Irrigation, fertilization, pest control, mowing, and lining have 
environmental and monetary costs.

Before the turf fields were developed, Concord grass soccer fields were maxed out by 
usage by the various soccer programs in town. The grass fields in general were in poor 
shape. The field inside the oval track had large areas of barren dirt, which became mud 
whenever it rained. Two other fields were established on Emerson, one was primarily used 
by the CCHS Men’s varsity soccer program for preseason tryouts. That field was generally 
torn to pieces by the time the school year started because of the intensive use by 50+ boys 
trying out for the team. I’m not sure where the women’s program practiced, but I suspect  
they had an equal effect. After the building of the turf fields, there was a dramatic 
improvement in the condition of the grass field throughout town. The fields  at Emerson 
reverted to their original function as outfield spaces for the baseball and softball diamonds, 
thus eliminating the need for the town to set up the goals and line and maintain the soccer 
fields.

The fields at Rideout, Peabody and Sanborn also suffered from overuse and from damage 
when games were played in the rain. Generally, there were numerous cancellations in the 
fall and spring because of the lack of playable fields, but at times, games were played on 
wet pitches, and this created lasting damage to the soccer fields. Fields had to be closed 
on a rotating annual basis in order to allow the grass to recover, and this created more 
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scheduling headaches.

I think we should also consider the impact of canceled games and practices upon our 
youth. Getting kids off their screens is so valuable to their physical and mental health these 
days. When I go to the Doug White Fields on Thursday evening, every corner of the turf is 
being used by youth teams. Up to 10 different teams are practicing on those two fields. 
Those are all kids who would most likely be sitting around playing video games or watching 
TV if they didn’t have their weekly evening practice. Before we built a turf field at Fenn. we 
would cram the kids into the gym when it rained  just to let them run around a little bit and 
let off steam. This certainly did not replicate the exercise or the skill building that could 
takes place when practicing in the rain on a turf field.

Finally ,as a significant donor to the fund responsible for the construction of the turf field, I 
would consider the removal of these fields as a betrayal of our agreement with CCHS and 
the Town of Concord. I am proud to have been a supporter of these efforts and I would hate 
to see all these improvements go to waste.

As always, thank you for your service to Concord.

Yours sincerely 

Rob Morrison
63 Monument St.



From: Carl Calabria
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Turf at Doug White Fields
Date: Sunday, December 15, 2024 11:44:26 AM

You don't often get email from carlcalabria@comcast.net. Learn why this is important

Dear Select Board, Town Managers, and Finance Committee,
I am writing to formally request that the decision be made to replace the turf at Doug
White Fields with modern turf.
I am a long-time Concord resident, and my three children all played high school
soccer on the Doug White turf fields. At age 66, I still play competitive soccer on the
Concord United Dragons and have come to especially appreciate the safety aspects
of playing on a consistent and compliant surface. I once played on a perfectly
maintained grass pitch at a soccer club in Denmark. There has been nothing like it
since, and it was pure joy. It was watered daily and maintained by a ground crew, and
it was used for no more than two matches per week. During my 20 years of playing
soccer in Massachusetts, however, I have yet to play on a grass field that remotely
comes close. I would happily choose the turf field at Doug White over any grass field
in the state.  Grass fields in our climate that are used frequently simply cannot be
maintained to a reasonable level of quality without exorbitant cost. It only takes one
depression, rut, or muddy patch to cause a serious ankle, knee, or muscle injury.  It
only takes one match completed in heavy rain to seriously damage an otherwise well-
maintained grass field.  Maintenance of a grass field also requires the use of
pesticides and fertilizer. Those of us who live adjacent to wetlands and waterways are
advised by the Natural Resource Commission to avoid the use of these chemicals so
as not to pollute our waterways. Why, then, would we choose to install a grass field
that will require these chemicals for the indefinite future and in close proximity to our
high school children?
Another consideration that seems monumental is the amount of water needed to
maintain a healthy grass field.  In the last several years, there has been no debate
about the number and severity of droughts we have experienced here in Concord.
Why would we possibly consider a change that would increase water use?  Would a
grass field at Doug White be subject to the same water restrictions during times of
drought as residents of the town?  If so, how could we expect to maintain any
semblance of a reasonable playing surface?
I wonder if the town would consider replacing its aging asphalt tennis courts with
grass. Tennis can be played on grass, clay, and asphalt. Why is there not even a
single grass tennis court in town? The answer provides guidance for the decision
before you. A grass tennis court in our climate would not stand up to frequent use and
would be too costly to maintain.
In conclusion, the combination of enhanced safety, consistent play, weather
resistance, cost-effectiveness, and environmental benefits make artificial turf soccer
fields a superior choice over natural grass.
Respectfully,
Carl Calabria
261 Heaths Bridge Rd.

mailto:carlcalabria@comcast.net
mailto:klafleur@concordma.gov
mailto:mzammuto@concordma.gov
mailto:mhartman@concordma.gov
mailto:markhowell@concordma.gov
mailto:tackerman@concordma.gov
mailto:cmckennitt@concordma.gov
mailto:wrovelli@concordma.gov
mailto:wrovelli@concordma.gov
mailto:finance@concordma.gov
https://aka.ms/LearnAboutSenderIdentification


From: Dawn McCullough
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: CCHS Field Replacement
Date: Sunday, December 15, 2024 10:59:47 AM

You don't often get email from dawnmccullough@icloud.com. Learn why this is important

Hello,
I am writing in support of replacing the existing turf fields with newer turf rather than grass.
The turf will be paid for by current funds set aside and requires much less maintenance. The
grass fields will require maintenance, which will be costly; they are far inferior play for our
athletes and will likely be treated with chemicals. 
Best,
Dawn McCullough 
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From: Wilson Kerr
To: finance mail
Subject: Thank You and Support For The Amenities Building
Date: Saturday, December 14, 2024 6:55:39 PM

To The FinCom,

I want to thank you for your hard work on the preliminary guideline numbers. I watched your
November 21 meeting and was pleased to hear understanding and collaboration emerge as a
theme. In particular, Lindsey Lis and her spreadsheets were fantastic and she made the
complex calculations easy to understand. She also mentioned the uncertainty of the schools
out of district costs and it was refreshing to hear this acknowledged. Chair Eric Dalberg
stressed cooperation and communication and SC Chair Carrie Rankin specifically called out
the new "tone and tenor" of the working relationship between the FinCom and the SC, at their
Dec 10 SC meeting. After years of thinly disguised hostility and acrimony by members of the
FinCom toward our schools (under past leadership), this change is noticeable and appreciated.
While tough choices undoubtedly lie ahead and belts will need to be tightened (and, I hope,
new revenue generated), I want to commend the FinCom for this new constructive approach.

Also, I urge you to support the new amenities building at CCHS. I watched and/or attended the
meetings where you asked the SC for more details and options, before they pulled the TM
warrant. The SC has worked hard to deliver on this ask and costs have come down. It was also
recently disclosed that 70% of the field usage benefits the larger community. To have rented,
unlit, unheated plastic outhouses in-place for a DECADE not only violates plumbing codes
and ADA compliance and wastes money, but also needlessly exposes Concord to liability if a
disabled or elderly person were to injure themselves given the known shortcomings of the
current amenities. Please support the pending SC warrant article and please support/explore
the use of CPC funds to help offset costs. As you know, the CPC apparently has $3M in
"excess" taxpayer-funded potential grant money that could help reduce the TM ask/taxpayer
burden. 

Thank you for ALL the hard work and the countless hours you give to our town,

Wilson Kerr
20 Damon St. 
Concord
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From: William Roger Rush
To: Mary Hartman
Cc: Cameron McKennitt; finance mail
Subject: Re: Concord Town budget
Date: Friday, December 13, 2024 1:39:42 PM

You don't often get email from roger.rush@comcast.net. Learn why this is important

Hi Mary,

Thank you for your response. I emplore you and the Select Board to take action to hold budget
increases to a minimum. The burden rate payers are going to be saddled with for the new
middle school is enough without extra demands from town departments. Efficiency and cost
effectiveness are words that come to mind in that respect. As householders we have to be
prudent with our money, so too should town officials. A zero level budget or close to would be
very welcomed.

Roger

On Dec 9, 2024, at 7:09 PM, Mary Hartman <mhartman@concordma.gov> wrote:

Dear Mr. Rush
 
Thank you for your email.  Questions like yours make better policy
decisions.
 
Neither the town nor the schools have presented final budgets.  The
numbers presented to the Finance Committee are very preliminary
and used to inform the spending guideline set by the Finance
Committee.  The Select Board will have our first look at the detail’s
behind the town manager’s proposed budget in January.  That is our
best opportunity to ask questions.  I encourage you to attend the
January Select Board meetings and voice your concerns.  In the
meantime, I can assure you that individual town departments do not
have their own financial controllers and spending for Gerow and
Estabrook were approved at Town Meeting.
 
Regards,
 
Mary
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Mary Hartman
Chair, Town of Concord Select Board
 
Please be advised that the Massachusetts Attorney General has
determined that email to and from a government email address is a
public record unless the content of the email falls within one of the
stated exemptions under the Massachusetts Public Records Laws.
 
 
 

From: William Roger Rush <Roger.Rush@comcast.net>
Date: Monday, December 9, 2024 at 11:44 AM
To: finance mail <finance@concordma.gov>, Mary Hartman
<mhartman@concordma.gov>
Cc: Cameron McKennitt <cmckennitt@concordma.gov>
Subject: Concord Town budget

[You don't often get email from roger.rush@comcast.net. Learn why this is important
athttps://aka.ms/LearnAboutSenderIdentification ]

Dear Ms Hartman and Mr Dahlberg,

I want to applaud the Finance Committee's efforts to restrict Town of Concord budget
plans for 2026. I sat through the joint meeting of the Select Board and the Finance
Committee when the town CFO present some outrageous budget projects. I have no
faith in the town managers either, they seem to be pushing for whatever they can get
with little consideration for the expanding burden to rate payers. There needs to be
better responsibility on their part. It is time the Select Board and Finance Committee
pushed back and more aggressively seek strong and realistic justification for budget
matters. The Town rate payers demand such diligence.

The question I would ask is, why are any budget increases needed?

As a homeowner in the town I have to budget and save to make improvements
especially seeing in retirement I am on a fixed budget. For example, the Concords
schools get and have gotten huge chunks of Town funds but continue to push for more
such as upgraded playing field toilet facilities. Not that I disagree, we should have
adequate facilities there but take a different approach with them by telling  them to find
the money from their existing budget or borrow the money and have repayments
incorporated within the existing school budget. I am also aware that Town departments
have potential duplication in staffing roles, for example, financial controllers for each
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department I believe. I would ask if anyone has looked at town staffing numbers and the
justification for those? After all staff costs are a major element of the budget, so can
some slimming down exercise better budget control?

To me, no one has ever explained the white elephant investment in Gerow Park and why
the town has spent so much on the Estabrook legal case which probably only benefits a
minority of our town’s folk. Spend the money where you get the most benefit for the
town tax payers.

Thank you for your attention.

Roger Rush
67 Conant Street



From: Nikki Morrissey
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Feild Replacement
Date: Friday, December 13, 2024 12:45:45 PM

You don't often get email from nmorrissey@abschools.org. Learn why this is important

Dear Select Board, Town Managers, and Finance Committee,

My name is Nikki Morrissey, and I served on the board of CCYL for 8 years, as the president for 4
years, and as a youth lacrosse coach. I have been a Concord resident for fourteen years and am the
Co-President of FOCCGL (Friend of Concord-Carlisle Girls Lacrosse). 

The most crucial point to address is that we all paid for the maintenance of the fields (a $50 fee per
season per kid was built into the cost of signing up for CCYL or any town sports team). These funds
were earmarked for the maintenance of the turf field. Using these funds for anything other than
reconditioning or replacing the turf would misrepresent collected field funds.

The accessibility and further maintenance of the turf fields are essential considerations.  Weather
conditions could cause massive rescheduling issues and poor field conditions if there were to be a
grass replacement (further impacting the safety of our users). Concord-Carlisle's outdoor athletic
facilities  (T1 & T2) have been privately funded and publicly maintained through donors, parents, and
user fees (use of the turf fields).  Doing away with our turf fields would be a massive injustice to our
town, donors/supporters, youth and adult sports, and, most notably, our high school teams.  

One comment I always receive for visiting towns, teams, players, coaches, and spectators is how
amazing CC Athletics fields are, with access to three turf fields.  These fields are constantly in use
after school and on the weekends.  This accessibility, safety, and daily maintenance would be a
serious hindrance if we do not replace the existing fields with new turf (as funds were collected to
pay for over the past decade and a half).

Thank you for your consideration,

Nikki Morrissey
-- 
Nikki Morrissey
she/her
School Counselor
ABRHS
(978) 264-3300 ext. 41030

Confidentiality Notice: This email, including all attachments, may contain private and/or confidential 
information and is for the sole use of the intended recipient(s). Any unauthorized review, use, disclosure 
or distribution is strictly prohibited. If you are not the intended recipient, please contact the sender and 
destroy all copies of this message. It is the policy and practice of the Acton-Boxborough Regional School 
District to comply with state and federal laws and regulations pertaining to the maintenance and 
disclosure of protected student records and information and of personnel records and information.
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Notice of Nondiscrimination: ABRSD does not discriminate on the basis of race, color, sex, sexual 
orientation, gender identity, religion, disability, pregnancy and pregnancy-related conditions, age, active 
military/veteran status, ancestry, or national or ethnic origin in the administration of its educational 
policies, employment policies, and other administered programs and activities. In addition, students who 
are homeless or of limited English-speaking ability are protected from discrimination in accessing the 
course of study and other opportunities available through the schools.  Read our Nondiscrimination 
Notice.
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From: Jason Fortier
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Field Replacement
Date: Friday, December 13, 2024 10:58:36 AM

Some people who received this message don't often get email from jasonrfortier@hotmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee -

I am a long-time Concord resident, having grown up in this town and having raised three children
here.  I am writing to encourage the Select Board to replace the Doug White turf field at the high
school with a new turf field.  It is clear that the fields are in need of replacement sometime in the
next few years, and I am strongly in favor of installing a new turf field sooner rather than later.  I feel
any conversation about moving to a grass field ignores the year-round benefits that come from a
reliable playing surface. 

Concord is fortunate to have a number of strong athletic programs, both at the high school level and
at the youth level.  These teams, including soccer, lacrosse, field hockey, and football, all enjoy the
benefits of playing on a turf field.  Not only do turf fields provide a predictable surface, but they
allow activities to continue during periods when grass fields become unplayable due to rain or mud. 
A grass field will run the risk of needing to be closed in early spring to ensure the surface is not torn
up before the grass begins to grow, and since high school spring sports begin in March, this will be a
real issue every year.  What would the expectations be for our teams if the fields were closed for a
few weeks every spring?  Or worse yet, if a grass field is torn up early in the year, it would be in
terrible shape for the rest of the season, which would, in turn, be unsafe for the players.

A move to a grass field, and the surface quality issues that inevitably come with it from heavy use,
will be detrimental to the sports programs that mean so much to many families in this town.  I fear
that constituencies that don't fully grasp this importance are out of touch with the families that have
children involved with these sports.  My own kids have benefited greatly from these programs, from
a son on the recent CCHS state champion soccer team (which I would venture to say brought pride
and joy to a large swath of Concord), to two daughters on soccer and lacrosse teams.  In fact, my
oldest daughter benefitted so much from her CCHS lacrosse experience that she is now playing at
the Division 1 level at Dartmouth College, where ALL of the fields she competes on are turf - it would
be beyond comprehension for her team to be forced to play on a grass surface at this point.

The benefits of these teams come in the form of person growth, leadership skills, life-long
friendships, and valuable memories.  I know teams will continue to exist if we move backwards to
grass fields at the high school, but I am certain the quality and quantity of the programs will take a
step backwards.  Without a reliable, year-round, surface it seems inevitable that practice and playing
time will decrease, and the quality of games played on these fields will decrease.  I have seen
statistics that a turf field can support 3 - 4 times the number of hours of activities compared to a
grass field.  This is hugely significant for fields that are currently used by so many teams at the high
school and in youth sports.  Estimates for the number of hours of athletic play per year that a grass
field can handle vary, but in general the consensus seems to be somewhere between 600 - 800
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hours per year, and certainly less than 1,000 hours per year.  The 2024 Concord Recreation Facilities
Strategic Plan clearly notes that the Doug White turf fields are used in excess of 1,000 hours each.   If
we move to grass and need to reduce the number of hours the fields can be used, we clearly will
need to cut practices and limit the number of teams with access. This is not a minor change and it
would affect 1000’s of athletes, when taking into account all of the high school programs, youth
programs, and their opponents.  In the long run, this would be a step backward for the proud
traditions we have developed in this town.

And as a final note, it is my understanding that substantial funds have been raised for an eventual
turf replacement ever since the original Doug White fields were installed.  In general, our town's
youth sports programs collect user's fees that in part go towards the eventual field replacement,
with an implicit understanding that any existing turf field would be replaced with a new turf field
when the time comes.  It would be misrepresenting the intentions of these programs to make a last-
minute switch to a grass field at this point, and it is also clear that the funds will not be used for a
grass field.  Similarly, in 2008 Chris Whelan and Anthony Logalbo stated in a memo to the Concord
Community Preservation Committee that the "FCCF [Friends of Concord-Carlisle Fields] has also
agreed to set aside funding on an annual basis for the future replacement of the "turf" surface."  

Please take these points into consideration, and I strongly recommend the Select Board moves to
replace the aging Doug White turf fields with new turf fields.

Thank you,
Jason Fortier



From: Caroline Kasparian Myler
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the turf at Doug White Fields
Date: Wednesday, December 11, 2024 8:49:31 PM

Some people who received this message don't often get email from carolinekmyler@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I am writing on behalf of CC Youth Lacrosse, as the director of girls program, to
appeal that the TURF at the Doug White Fields is replaced with modern TURF.  

CC Youth Lacrosse is predominately a Spring program. When we open our girls
program in late March, we have to squeeze grades 3-6 on TURF #2 because the
upper grass fields are not yet playable (they are still too wet).  We often have to
postpone the start of our 1st and 2nd grade program until late April, as the only field
available to them on Sunday mornings is the upper grass.  It's always an unknown
when the grass fields will be open/if they will remain open.  As TURF has fewer
weather related variables, we are able to ensure that our program is able to host
many of our games, making it much easier for players and their families and not have
to deal with last minute cancellations and the dreaded game rescheduling process of
other towns in our league. 

Lacrosse is a sport where different lines are needed for the women's and men's
game. On TURF there is the ability to permanently line the fields for multiple formats
(football, women's/men's lacrosse, field hockey, and 11v11, 9v9, and 7v7 soccer). On
grass, the lines would have to be redrawn constantly. Overall, grass fields require
constant maintenance, mowing, irrigation and fertilization, which is also costly.

Over the last 16 years, CCYL, has contributed yearly to the Friends of CC Playing
Fields fund in order to plan for the eventual replacement of the TURF. Those funds
(over $1.5M) are available and prepared to cover the cost of the TURF removal and
replacement with TURF. The funds cannot be used for grass fields as the grass
would greatly decrease the access our program (that have helped fund the
replacement) has to playing fields. 

Thank you for your time and consideration.

Best Regards,
Caroline Myler
Director, Concord-Carlisle Girls Youth Lacrosse 

mailto:carolinekmyler@gmail.com
mailto:klafleur@concordma.gov
mailto:mzammuto@concordma.gov
mailto:mhartman@concordma.gov
mailto:markhowell@concordma.gov
mailto:tackerman@concordma.gov
mailto:cmckennitt@concordma.gov
mailto:wrovelli@concordma.gov
mailto:wrovelli@concordma.gov
mailto:finance@concordma.gov
https://aka.ms/LearnAboutSenderIdentification
https://aka.ms/LearnAboutSenderIdentification


From: James Atwood
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields
Date: Wednesday, December 11, 2024 2:29:21 PM

Some people who received this message don't often get email from jimatwood133@gmail.com. Learn why this is
important

Dear Town Leaders,

I'm writing to express my enthusiastic support for replacing the turf at the Doug White fields
instead of switching to grass.

There is no possibility that the grass fields could offer any approximation whatsoever of the
usage that the turf fields afford us; even with an inconceivably large maintenance budget that
would never be approved anyway.  I doubt there is much disagreement with this point from
any interest group.

I also believe that the fields are perfectly safe and environmentally acceptable.  The studies
that the "pro grass" side like to reference are highly selective and unconvincing.  And you can
come up with a study to agree with you on just about anything in this day in age.  That doesn't
make it right.  There are plenty of studies supporting turf.

What is clear is that this country has been using turf fields for generations and continues to do
so without any significant identifiable negative effect.  Pro sports teams that could afford to
have a new grass field for every game still choose turf.  

Let's not react to yet another claim of a crisis that does not exist, but rather serve the citizens. 
If you put this to a town vote, you would find that in overwhelming numbers we want the turf
fields.  And what the citizens want is what the citizens should get.  This is, after all, America.

Regards,
Jim Atwood
133 Stow St.
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From: Kelly B. Crowley
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the turf at Doug White Fields
Date: Wednesday, December 11, 2024 1:27:43 PM

Some people who received this message don't often get email from kburkec@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

Please consider my letter to formally request that the decision be made to replace the
turf at Doug White Fields with modern turf. I believe this is the best option for our
community.

Doug White Fields are used by thousands of players each season, across multiple
sports. This equals hundreds of hours of continuous usage. These fields are used by
both high level youth sports programs and state championship level high-school
programs who require quality playing surfaces. But Concord weather produces rain,
snow, sleet, heat and drought that all affect the quality and availability of grass
fields.  

Therefore, turf is the only surface that can accommodate both the volume of usage
and weather while remaining consistent, playable, and available. .

In addition, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf. Those funds
are available and ready to use, but cannot be used for grass fields given that grass
would dramatically limit access to the youth sports programs that have helped fund
the replacement.

Thank you for your time and consideration.

Kelly Crowley
25 Jennie Dugan Rd.
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From: ken.fischl@yahoo.com
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the Turf Fields
Date: Wednesday, December 11, 2024 12:47:57 PM

You don't often get email from ken.fischl@yahoo.com. Learn why this is important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf at Doug
White Fields with modern turf. I believe this is the best option for our community. 

When we first moved to town and had two toddlers, this same debate happened
(2013?) and I didn't really understand why we needed turf.  But, now that the turf
fields have been built and my kids are in middle school, I see huge advantages of
having turf over grass.   The town's grass fields are often closed (climate change
towards very heavy rains) and not level.  The old Sanborn grass soccer field had such
a big hole that a cone had to be placed over it.  This hole was not fixed after 3 years! 
 Practices are often cancelled on the grass.  It can be difficult to find place for make-
up games as there is heavy demand on all of Concord's field space.  Turf benefits
from being an all-weather surface and I see the turf being used on weekends from
8am-8pm by multiple sports.  We have plenty of grass fields already.  Taking away
the turf would have a detrimental effect on children's sports and exercise.  

Thank you for your time and consideration.

Ken Fischl
34 Holden Ln
Concord, MA
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From: Kevin Jones
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields replacement
Date: Wednesday, December 11, 2024 11:51:03 AM

Some people who received this message don't often get email from kevinjones1018@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

My name is Kevin Jones and I am a parent, coach, and fan of all sports in town.  I am writing
to formally request that the decision be made to replace the turf at Doug White Fields with
modern turf. I have done a bit of research and believe a hybrid of actual grass and modern
field turf would be the best possible solution.  I believe some NFL teams have installed this as
well as some European soccer teams. Although this option would probably be more costly
than installing new modern field turf as well as natural grass (although I think with
maintenance, watering and fertilization over the years on a natural grass surface will
undoubtedly be a big expense) I believe this is the best option for our community for several
reasons.

We all know the Doug White Fields are the primary fields used and preferred by many players
and coaches across a multitude of sports.  Due to such high demand nearly 12 months out of
the year, weather permitting, I think we can all agree these fields need to be able to be durable
and usable.  Although I do not fully like a field turf and would much prefer to play,  coach or
be a spectator on real grass, I believe the longevity of the field turf is what is needed for that
location.  I appreciate all the arguments for having a natural field but with the amount of
youth, high school and adult activities on these fields, the only option is something that will
hold up throughout the year.

I believe investing in a hybrid technology of grass & turf is the only surface that can
accommodate both the volume of usage and weather while remaining consistent and playable,
as well as having many of the benefits of an all natural playing surface.  If this solution is not
an option then I would be in favor of a new age full synthetic field for the Doug White Fields 

Thank you for your time and consideration.

All the Best,

Kevin Jones
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From: Greg Karczewski
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Cc: Melissa Karczewski
Subject: Request to Replace Turf at Doug White Fields
Date: Wednesday, December 11, 2024 11:36:33 AM

Some people who received this message don't often get email from gkarczewski@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I respectfully request your approval to replace the turf at Doug White Fields with modern
synthetic turf. These fields serve thousands of players across multiple sports and require a
surface that can handle heavy use and Concord’s unpredictable weather. Turf is the only
option that ensures consistent playability and availability.

The Friends of CC Playing Fields have raised $1.5M over 16 years to fund this replacement,
but these funds cannot be used for grass fields as they would significantly limit access for the
youth sports programs that raised the funds.

Thank you for your consideration.

Sincerely,

Greg Karczewski

262 Monsen Road
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From: Shep Shepard
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the turf at Doug White Fields
Date: Tuesday, December 10, 2024 8:45:59 AM

Some people who received this message don't often get email from brendanshepard@gmail.com. Learn why this
is important

Dear Select Board, Town Managers, and Finance Committee,

I am writing to formally request that the decision be made to replace the turf at Doug
White Fields with modern turf. I believe this is the best option for our community for
several reasons.

Doug White Fields are used by thousands of players each season, across multiple
sports. This equals hundreds of hours of continuous usage. These fields are used by
both high-level youth sports programs and state championship-level high-school
programs which require quality playing surfaces. But Concord weather produces rain,
snow, sleet, heat, and drought that all affect the quality and availability of grass
fields.  

Therefore, turf is the only surface that can accommodate both the volume of usage
and weather while remaining consistent, playable, and available.

In addition, the Friends of CC Playing Fields organization has accumulated over
$1.5M over the past 16 years for the eventual replacement of this turf. Those funds are
available and ready to use, but cannot be used for grass fields given that grass would
dramatically limit access to the youth sports programs that have helped fund the
replacement.

Thank you for your time and consideration.

Sincerely,

Shep Shepard
Father of Tyler Shepard (CCHS 2026)
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From: William Roger Rush
To: finance mail; Mary Hartman
Cc: Cameron McKennitt
Subject: Concord Town budget
Date: Monday, December 9, 2024 11:44:25 AM

[You don't often get email from roger.rush@comcast.net. Learn why this is important at
https://aka.ms/LearnAboutSenderIdentification ]

Dear Ms Hartman and Mr Dahlberg,

I want to applaud the Finance Committee's efforts to restrict Town of Concord budget plans for 2026. I sat through
the joint meeting of the Select Board and the Finance Committee when the town CFO present some outrageous
budget projects. I have no faith in the town managers either, they seem to be pushing for whatever they can get with
little consideration for the expanding burden to rate payers. There needs to be better responsibility on their part. It is
time the Select Board and Finance Committee pushed back and more aggressively seek strong and realistic
justification for budget matters. The Town rate payers demand such diligence.

The question I would ask is, why are any budget increases needed?

As a homeowner in the town I have to budget and save to make improvements especially seeing in retirement I am
on a fixed budget. For example, the Concords schools get and have gotten huge chunks of Town funds but continue
to push for more such as upgraded playing field toilet facilities. Not that I disagree, we should have adequate
facilities there but take a different approach with them by telling  them to find the money from their existing budget
or borrow the money and have repayments incorporated within the existing school budget. I am also aware that
Town departments have potential duplication in staffing roles, for example, financial controllers for each department
I believe. I would ask if anyone has looked at town staffing numbers and the justification for those? After all staff
costs are a major element of the budget, so can some slimming down exercise better budget control?

To me, no one has ever explained the white elephant investment in Gerow Park and why the town has spent so much
on the Estabrook legal case which probably only benefits a minority of our town’s folk. Spend the money where you
get the most benefit for the town tax payers.

Thank you for your attention.

Roger Rush
67 Conant Street
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From: FOCCG Soccer
To: Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy Rovelli; finance

mail; Kerry Lafleur
Subject: Doug White Turf Field Replacement
Date: Sunday, December 8, 2024 8:25:39 PM

Some people who received this message don't often get email from foccgs@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

I hope this message finds you well. My name is Sandy Graham and I am the President of
the girls soccer program at CCHS. I am writing in support of the critical need for
replacement of the turf at Doug White Fields. Thousands of athletes play on these fields
throughout the year. These fields serve both high-level youth sports and state
championship-level high school programs, seeing hundreds of hours of usage, often under
challenging weather conditions.

As you know, Concord’s climate presents a variety of challenges — from rain and snow to
droughts and extreme heat — all of which impact the quality and availability of natural grass
fields. While grass can provide an attractive playing surface, it simply cannot accommodate
the high volume of usage and variable weather that Doug White Fields experiences without
constant maintenance and downtime.

Turf fields, on the other hand, offer a consistent, durable, and reliable surface that ensures
the fields remain playable regardless of weather. Importantly, turf does not require the
extensive irrigation, fertilization, mowing, and other ongoing maintenance that grass fields
demand. Grass fields not only entail high maintenance costs but also require frequent re-
lining for various sports, which adds further time and financial burden.

I am aware of the common concern that some feel that exposure to the rubber in the
artificial turf may be toxic to those who play on the artificial surface.  However, the
Environmental Protection Agency has recently released a long-term study confirming that
there is no evidence of incremental toxicity exposure to athletes from the rubber. 

Furthermore, the Friends of CC Playing Fields have successfully accumulated over $1.5
million over the past 16 years specifically for turf replacement. These funds are readily
available for this purpose but cannot be used for grass fields. Transitioning to grass would
severely limit access to the youth sports programs that have contributed to this fund,
undermining the very community involvement that has made this financial support possible.

Given these factors, I urge you to consider the long-term benefits of turf for Doug White
Fields. The ability to provide consistent, high-quality playing surfaces for a broad range of
sports — while minimizing maintenance costs and environmental impact — makes turf the
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clear choice for the future of these fields.

Thank you for your time and consideration. Please feel free to reach out if you have any
questions or would like to discuss this further.

Best regards,
Sandy Graham
President of Friends of Concord Carlisle Girls Soccer

foccgs@gmail.com

graham.sandyj@gmail.com

617-775-4359
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From: Seth van der Swaagh
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Replacing the turf at Doug White Fields
Date: Saturday, December 7, 2024 4:16:45 PM
Attachments: Original Doug White Fields Agreement.pdf

EPA turf study.pdf

Some people who received this message don't often get email from ccysseth@gmail.com. Learn why this is
important

Dear Town Manager, Deputy Town Manager, Select Board, and Finance Committee,

I am writing to express my support for the immediate replacement of the existing turf at Doug
White Fields with modern turf. As the President of Concord-Carlisle Youth Soccer and The
Friends of Concord-Carlisle Playing Fields, I oversee a program with around 1,300
participants and am deeply invested in ensuring our field space remains available and
playable.

The existing turf is well past its usable life, and funding for replacement exists via the Friends
of CC Playing Fields. Replacing the turf will allow our youth and high school sports programs
continued access to a high-quality playing surface. While some may advocate for grass, it is
not a suitable option for these fields due to the high volume of usage they receive. Grass
would not withstand the demands placed upon it and would dramatically limit the availability
of these fields for our children.

Doug White Fields are used by thousands of players across several sports each season, and
grass simply cannot sustain this level of use while remaining playable. Additionally, if these
fields were turned to grass, the weather conditions in Concord would frequently necessitate
field closures, and use during or after heavy rain would cause significant damage. These fields
are essential for both competitive youth sports and championship-quality high school teams,
who rely on consistent, playable, and available surfaces.

Furthermore, the Environmental Protection Agency recently released a study showing no
evidence of incremental toxicity exposure to athletes from rubber crumb. And grass also has
environmental impacts, requiring regular irrigation, fertilizer, and gas-powered mowing.

The Friends of CC Playing Fields was established, in agreement with the Town of Concord, to
fund the maintenance and eventual replacement of these fields. The agreement with the Town
stipulates that funds must be set aside for the "eventual replacement of the turf surface,"
implying a like-for-like replacement. And we would not use the collected funds for a grass
surface that dramatically limits access for the sports organizations who have funded the
replacement.

I hope this information, along with the attached agreement and EPA study, allows the Town
Manager to confidently move forward with a decision to replace the existing turf with new,
modern turf as soon as possible. I am very happy to discuss this further if it would be helpful.

Sincerely,

Seth van der Swaagh
President, Concord-Carlisle Youth Soccer
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Foreword  


The U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD) and the 


Centers for Disease Control and Prevention (CDC) Agency for Toxic Substances and Disease Registry 


(ATSDR) have worked collaboratively to complete the research activities on synthetic turf playing fields 


under the “Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields and 


Playgrounds” (FRAP). The Agencies have released the research activities’ results in two parts. The Part 


1 Report (U.S. EPA & CDC/ATSDR, 2019) summarizes the research effort to characterize tire crumb 


rubber, which includes characterizing the components of, and emissions from, recycled tire crumb 


rubber. The exposure characterization report (Part 2 – this report) summarizes the potential exposures 


that may be experienced by users of synthetic turf playing fields with recycled tire crumb rubber infill, 


such as how people come in contact with the materials, how often and for how long. It includes the 


results from a supplemental biomonitoring study conducted by CDC/ATSDR. This Part 2 exposure 


characterization report completes FRAP efforts with respect to playing fields. 


The study is not a risk assessment; however, the results of the research described in the FRAP reports 


will advance our understanding of exposure to inform the risk assessment process. We anticipate that the 


results from this multi-agency research effort will be useful to the public and interested stakeholders to 


understand the potential for human exposure to chemicals found in recycled tire crumb rubber used on 


synthetic turf fields. 


This report has been prepared to communicate to the public the research objectives, methods, results and 


findings for the exposure characterization research conducted as part of the Federal Research Action 


Plan. The report has undergone independent, external peer review in accordance with EPA and CDC 


policies. A response-to-peer review comments document accompanies the release of the Part 2 report. 


The mission of the EPA is to protect human health and the environment so that future generations inherit 


a cleaner, healthier environment that supports a thriving economy. Science at EPA provides the 


foundation for credible decision-making to safeguard human health and ecosystems from environmental 


pollutants. ORD is the scientific research arm of EPA, whose leading-edge research helps provide the 


solid underpinning of science and technology for the Agency. ORD supports six research programs that 


identify the most pressing environmental health research needs with input from EPA offices, partners 


and stakeholders. 


CDC works 24/7 to protect America from health, safety and security threats, both foreign and in the 


United States. ATSDR is a non-regulatory, environmental public health agency that was established by 


Congress under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980. 


ATSDR protects communities from harmful health effects related to exposure to natural and man-made 


hazardous substances by responding to environmental health emergencies; investigating emerging 


environmental health threats; conducting research on the health impacts of hazardous waste sites; and 


building capabilities of and providing actionable guidance to state and local health partners. 


Maureen Gwinn Aaron Bernstein 
Principal Deputy Assistant Administrator for Science Director 


EPA Office of Research and Development Agency for Toxic Substances and Disease Registry 
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Executive Summary 


The goal of the research under the Federal Research Action Plan on Recycled Tire Crumb Used on 


Playing Fields and Playgrounds (FRAP) is to characterize potential human exposures to the 


substances associated with recycled tire crumb rubber used on synthetic turf fields. Results of the 


effort are being reported in two parts. Part 1 communicates the research objectives, methods, results, 


and findings for the tire crumb rubber characterization research (i.e., what is in the material?). Part 2 


(this document) characterizes potential human exposures to the chemicals found in the tire crumb 


rubber material while using synthetic turf fields. Neither Part 1 nor Part 2 of this study, separately or 


combined, constitutes an assessment of the risks associated with playing on synthetic turf fields with 


recycled tire crumb rubber infill. The results of the research described in both Part 1 and Part 2 of the 


final report can be used to inform risk assessments. 


In the United States, synthetic turf fields are used at municipal and 


county parks; schools, colleges, and universities; professional KEY RESEARCH ACTIVITIES 
sports stadiums and practice fields; and military installations. The DISCUSSED IN PART 2 
fields are designed to simulate the experience of practicing and 


playing on grass fields.1 First introduced in the 1960s, synthetic • Collect human activity data using
turf fields have evolved over time from first-generation systems video and questionnaires. 
made of tightly curled nylon fibers to third-generation systems 


• Pilot study collection of air, dermaltypically made of polyethylene yarn fibers. These third-generation 
wipe, and biomarker samples from systems typically use small pieces of recycled tires, referred to as 
people using synthetic turf fields. “recycled tire crumb rubber” (or simply “tire crumb rubber”), to 


fill the space between the polyethylene yarn fibers. The recycled 
• Pilot study collection of air, surface


tire crumb rubber (sometimes mixed with sand or other raw
wipe, and dust samples from fields. 


materials) is added for ballast, support for the synthetic grass 


blades, and as cushioning for field users. Third-generation • Conduct an exposure modeling
synthetic turf field systems are widely used today. There are assessment. 
between 18,000 and 19,000 synthetic turf fields in the United 


States, with 1,200 – 1,500 new installations each year, about half 


of which are replacements.2 It is estimated that millions of people use and/or work at these fields. 


Some parents, athletes, schools, and communities have raised concerns about the use of recycled tire 


crumb rubber on synthetic turf fields. To help address these concerns, the Centers for Disease Control 


and Prevention/Agency for Toxic Substances and Disease Registry (CDC/ATSDR) and the U.S. 


Environmental Protection Agency (EPA), in collaboration with the Consumer Product Safety 


Commission (CPSC), launched a multi-agency research effort in February 2016. 


This multi-agency research effort, known as the Federal Research Action Plan on Recycled Tire Crumb 


Used on Playing Fields and Playgrounds (FRAP)3, is focused on assessing potential human exposure, 


1 More information on the intended uses of synthetic turf can be found at: 


https://www.syntheticturfcouncil.org/page/About_Synthetic_Turf. 
2 Personal communication with the Synthetic Turf Council. 


The multi-agency research effort, called the Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields 


and Playgrounds (FRAP), was launched in February 2016. Prior to initiating the study, federal researchers developed a 


research protocol, Collections Related to Synthetic Turf Fields with Crumb Rubber Infill, that describes the study’s 


objectives, research design, methods, data analysis techniques and quality assurance/quality control (QA/QC) measures. 


These documents are available at: http://www.epa.gov/TireCrumb. CPSC is conducting the work on playgrounds and results 


3 
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which includes conducting research activities to characterize the chemicals associated with recycled tire 


crumb rubber and to identify the ways in which people may be exposed to those chemicals based on 


their activities on synthetic turf fields. Also, the FRAP includes characterizing emissions and 


bioaccessibility to differentiate what is present in the recycled tire crumb rubber from what people may 


actually be exposed to from recycled tire crumb rubber. 


The research laid out in the FRAP is not intended to be a risk assessment. Like other studies, this 


research has limitations, and risks cannot be inferred from the information and conclusions found in this 


study. Prior to initiating the FRAP, most studies examining these potential risks have been considered 


inconclusive or otherwise incomplete. Based upon available literature, this research effort represents the 


largest tire crumb rubber study conducted in the United States. The information and results from the 


effort will fill specific data gaps about the potential for human exposure to chemical constituents 


associated with recycled tire crumb rubber used in synthetic turf fields. 


A status report was previously released describing FRAP 


activities as of December 2016 (EPA/600/R-16/364, RECAP: RECYCLED TIRE CRUMB 
available at: http://www.epa.gov/TireCrumb). The status 


RUBBER CHARACTERIZATION 
report included a summary of stakeholder outreach, an 


overview of the tire crumb rubber manufacturing industry, 


progress on the research activities, and the final peer- • As expected, a range of metals,
reviewed literature review/gaps analysis (LRGA) white semivolatile organic compounds
paper. The results of the research activities under the FRAP (SVOCs), volatile organic compounds
are being documented in two parts. The previously released (VOCs) and bacteria were measured in
Part 1 Report (EPA/600/R-19/051, available at: and on recycled tire crumb rubber infill.
http://www.epa.gov/TireCrumb) documents the tire crumb 


characterization activities and results. This Part 2 report • Many chemicals were found at similar


documents the results from the pilot exposure concentrations in other studies of


characterization research study conducted by EPA and recycled tire crumb rubber, where


CDC/ATSDR and includes the supplemental biomonitoring comparable data are available.


study conducted by CDC/ATSDR (Appendix A). Part 2 also 
• Emissions of most SVOCs and many


includes future research recommendations that could 
VOCs were low when tested at 25 °C,


provide additional insights into potential exposures to 
while emissions were higher for some,


recycled tire crumb rubber used on synthetic turf fields. 
but not all at 60 °C.


This Executive Summary provides a synopsis of the 
• The amount of metals released into


exposure characterization research (Part 2 of the study). simulated biological fluids was low, on 
Section 1 of this report provides introductory information; average about 3% in gastric fluid and 
Section 2 provides a more complete technical summary of less than 1% in saliva and sweat plus 
these activities and the study’s key findings; Sections 3 and sebum. 
4 describe the methods and contain detailed results for the 


exposure characterization activities; and Section 5 provides 


information on exposure pathway modeling assessment. Results from the supplemental biomonitoring 


study, quality control/quality assurance assessments, and information about methods are provided in the 


Appendices (Volume 2 of this report). 


from that effort will be reported separately. While artificial turf is also used at residences, that turf does not typically include 


tire crumb rubber; as a result, the use of artificial turf at residences is not part of the FRAP study. 
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Exposure Characterization 


A small-scale pilot study was conducted to better understand the ways in which people may be exposed 


to chemicals associated with recycled tire crumb rubber (Figure ES-1). As part of the pilot study, human 


activity data were collected using video and questionnaires. Personal air and dermal wipe samples were 


collected from 25 people participating in soccer or football practices at synthetic turf fields. Surface 


wipe, air, and dust samples were also collected from fields. The analyses of these samples provided 


additional data for assessing inhalation exposures and new data for better understanding exposures 


through dermal and ingestion pathways. Technical details are provided in Section 4, which contains 


detailed assessment results for the exposure characterization. 


While the results from these studies are not generalizable to all other situations and activities, our field 


and dermal measurements (while limited) indicate that people can be exposed to chemicals associated 


with recycled tire crumb rubber infill material when they use synthetic turf fields. A range of chemicals 


associated with recycled tire crumb rubber was found in air, field surface, field dust, and in dermal 


exposure media collected from the participants, including metals and organic chemicals. 


For many analytes measured during active play at the outdoor fields, next-to-field concentrations in air 


did not differ from background samples. Other chemicals, such as methyl isobutyl ketone, 


benzothiazole, 4-tertbutyl phenol, and several PAHs, were somewhat higher. Exposures may be higher 


for people using indoor synthetic turf fields than outdoor fields. Many chemicals were measured in next-


to-field air samples at the indoor field at higher concentrations compared to those at the two outdoor 


fields. This aligns with findings from the Tire Crumb Characterization Part 1 report where most organic 


compounds were found in tire crumb rubber at higher levels at indoor fields compared to outdoor fields, 


and higher emissions from tire crumb rubber were observed for most organic chemicals at indoor fields 


compared to outdoor fields. Results from the personal air sampling for volatile organic chemicals 


(VOCs) are not available, as the method was not successful. 


In the biomarker measurements, of the 25 participants, 14 provided urine samples and 13 provided blood 


samples. Participants providing blood and urine were 11 – 21 years old. The participants provided blood 


and urine samples before and after practice on synthetic turf fields with tire crumb rubber infill. The 


blood samples collected before and after practice, and the serum derived from the blood, were analyzed 


for metals. An increase in metal concentration was not observed after practice. However, blood selenium 


levels, both pre- and post-activity, were higher than the geometric mean for participants aged 11 – 21 in 


the 2013-2014 National Health and Nutrition Examination Survey (CDC NHANES 2013 – 2014). 


Selenium was not found above detection limits in tire crumb and other field environment matrices. With 


the exception of blood selenium, body burden levels of metals in these study participants were consistent 


with those found for the general population (CDC NHANES 2013 – 2014, participants aged 11-21). 
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AIR SAMPLING FINDINGS 


• Potential for overall exposures is 
expected to be low. 


• For many analytes measured during 
active play at the outdoor fields, 
next-to-field concentrations in the air 
did not differ from background 
samples. 


• Other chemicals, such as methyl 
isobutyl ketone, 4-tertbutyl phenol, 
benzothiazole and several PAHs, 
were somewhat higher. 


• Many chemicals were measured in 
air samples at the indoor field at 
higher concentrations compared to 
those at the two outdoor fields. 


NHANES 2013-2014, participants aged 11-21). 


However, only low levels of the parent compound, 


naphthalene, were found in the tire crumb rubber, 


field air, dust, field wipe, and dermal wipe 


samples. It is important to note that the 


biomonitoring study that was conducted as part of 


the exposure measurement study was a pilot-scale 


effort with several limitations. The sample size was 


very small (n=14) and individuals who participated 


in the pilot-scale biomonitoring study were 


recruited at only two outdoor fields. 


A supplemental biomonitoring study was 


conducted to expand the pilot-scale study results 


using a larger sample size (Appendix A). Among 


161 participants, 82% (n=132) played on synthetic 


turf with tire crumb rubber infill, and the remaining 


18% (n=29) played on natural grass. 25% (n=41) 


played on an indoor synthetic turf field, and 75% 


(n=120) played on outdoor fields where synthetic 


turf and natural grass fields were co-located. 


Recycled tire crumb rubber infill field users and 


natural grass field users experienced similar 


differences in pre- and post-activity PAH 


concentrations, including for 2-


hydroxynaphthalene. 


Urine samples were analyzed for seven polycyclic aromatic 


hydrocarbon (PAH) metabolites. The unadjusted urinary PAH 


metabolite concentrations were significantly higher post-


activity compared to pre-activity, and all of the unadjusted 


post-activity PAH metabolite concentrations were higher than 


those found in the general population (NHANES 2013-2014, 


participants aged 11-21), with the exception of 1-


hydroxypyrene. The creatinine-adjusted urinary PAH 


metabolites showed no difference in concentration in samples 


collected before and after practice, with the exception of 2-


hydroxynaphthalene. When comparing creatinine adjusted 


pre- and post- activity concentrations, there was a significant 


increase post activity (34%) for 2-hydroxynaphthalene. For 


specific gravity-adjusted metabolite concentrations, all post-


activity concentrations were statistically higher than pre-


activity concentrations, and all differences were statistically 


significant using the signed-rank test. The creatinine adjusted 


2-hydroxynaphthalene concentration was higher pre- and 


post-activity when compared to the general US population 


(CDC 


PILOT BIOMONITORING STUDY 
FINDINGS 


• An increase in metal concentrations in blood 
samples was not observed after practice. 


• However, blood selenium levels, both pre- and 
post-activity, were higher than the geometric 
mean for participants aged 11 – 21 in the 2013-
2014 National Health and Nutrition Examination 
Survey (CDC NHANES 2013 – 2014). Selenium was 
not found above detection limits in tire crumb 
and other field environment matrices. 


• With the exception of blood selenium, body 
burden levels of metals in these study 
participants were consistent with those found for 
the general population (CDC NHANES 2013 – 
2014, participants aged 11-21). 


• In comparing pre- and post-activity creatinine-
adjusted measurements for these PAH 
metabolites in urine, there was no significant 
difference in pre- and post-activity 
concentrations, except for 2-hydroxynaphthalene. 
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An exposure pathway modeling assessment was 
SUPPLEMENTAL BIOMONITORING included in this exposure characterization study to 


STUDY FINDINGS 
complement the measurement activities and evaluate 


the availability and robustness of data needed to 


support modeling. Modeling was conducted for • Pre- and post-activity differences in urinary
athletes using synthetic turf fields with recycled tire PAH concentrations were not associated with 
crumb rubber infill, using extant exposure information field type (synthetic turf fields with tire 
(from previous synthetic turf field studies) and then crumb rubber infill vs natural grass fields). 
updated with information collected in this exposure 


characterization study. The estimation used six (6) • Except for 2-hydroxynaphthalene, pre-
activity PAH concentrations were lower than chemicals (pyrene, benzo[a]pyrene, benzothiazole, 
those in the U.S. population (NHANES 2015-methyl isobutyl ketone, lead, and zinc), chosen to 
2016). provide a range of physical and chemical properties 


for which data were available. In general, estimated 


daily exposures were <5 x 10 -5 mg/kg-day for most chemicals and pathways, with inhalation being the 


dominant pathway for more volatile chemicals and ingestion being dominant for metals and less volatile 


chemicals. While the data collected from the exposure characterization study improved the estimates, 


the results still carry a degree of uncertainty associated with limited data for factors like ingestion rates 


and dermal adhesion values for tire crumb rubber and field dust, along with airborne particle sizes. 


Exposures at synthetic turf fields should also be considered in context, since the chemicals in recycled 


tire crumb rubber are present in other products and/or environmental media that people use or contact. 


To provide this context, exposure from other typical sources (such as, residential and dietary 


“background”) were compared to those of field users. Residential (i.e., exposures expected through 


typical residential media, such as indoor air and dust) plus dietary ‘background’ exposures were 
estimated for a subset of four chemicals associated with tire crumb rubber (pyrene, benzo[a]pyrene, zinc 


and lead) for which data are available. Modeled estimates for this limited set of PAHs and metals 


expected in recycled tire crumb suggest that synthetic turf field users may have pyrene and 


benzo[a]pyrene exposures similar to, or somewhat lower than, typical background exposures. Exposures 


to zinc and lead are expected to be substantially lower than background. Data are sparse for estimating 


background exposures for many of the chemicals associated with tire crumb rubber for comparison with 


synthetic turf field user exposure estimates. Such estimates also carry a degree of uncertainty due to 


limited numbers of studies. 
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Conclusions 


In general, the findings from the entire playing fields portion of the FRAP activities (both the Tire 


Crumb Characterization Part 1 and the Tire Crumb Exposure Characterization Part 2 combined) support 


the conclusion that although chemicals are present (as expected) in the tire crumb rubber and exposures 


can occur, they are likely limited; for example: 


• Generally, only small amounts of most organic chemicals are released from tire crumb rubber 


into the air through emissions. For many analytes measured during active play at the outdoor 


fields, next-to-field concentrations in air were not different than background samples while 


others were somewhat higher. 


• For metals, only small fractions are released from tire crumb rubber into simulated biological 


fluids (average mean about 3% for gastric fluid and <1% for saliva and sweat plus sebum) 


compared to a default assumption of 100% bioaccessibility. 


• In the biomonitoring pilot study, concentrations for metals measured in blood were similar to 


those in the general population. 


• No differences in PAH metabolites in urine were observed in the supplemental biomonitoring 


study between study participants using natural grass fields and those on synthetic turf fields with 


tire crumb rubber infill. 


Risk is a function of both hazard (toxicity) and exposure. Understanding what is present in the material 


(Part 1 Report) and how individuals are potentially exposed (Part 2 Report) is critical to understanding 


potential risk. It is important to note that the study activities completed as part of this multi-agency 


research effort were not designed, and are not sufficient by themselves, to directly answer questions 


about potential health risks. Other studies may aid in this regard. The FRAP supports the findings of 


limited exposure, as reported in studies from RIVM and ECHA as well as the chemical assessments 


from the NTP.4 More specifically: 


• The Netherlands National Institute for Health and Environment (RIVM) released a December 


2016 report, updated in March 2017, titled “Evaluation of health risks of playing sports on 


synthetic turf pitches with rubber granulate” (RIVM, 2017). The RIVM collected rubber infill 


from 100 synthetic turf fields and performed analyses for selected chemicals of interest. 


Exposure estimates were performed for five exposure scenarios using assumed exposure 


parameters for different ages and player categories. Exposure estimates and toxicological 


information were used to evaluate potential health risks. RIVM reported: “The results of this 


research indicate that playing sports on these fields is safe. The risk to health from playing 


sports on these synthetic turf fields is virtually negligible. While rubber granulate contains 


harmful substances, these substances are only released from the rubber granulate in very small 


quantities after ingestion, contact with the skin or evaporation in hot weather. RIVM 


recommends adjusting the standard for rubber granulate to one that is closer to the standard 


applicable to consumer products.” 


4 Other research studies by the California Office of Environmental Health Hazard Assessment (OEHHA) will provide tire 


crumb rubber characterization data for additional fields in California. They will also characterize additional synthetic turf 


field component materials and particles in the air above the synthetic fields as a result of simulated activities and measure the 


bioaccessibility of inorganic and organic chemicals from tire crumb rubber. 
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• The European Chemicals Agency (ECHA) released a report in February 2017 titled “Annex XV 


Report; An Evaluation of the Possible Health Risks of Recycled Rubber Granules Used as Infill 


in Synthetic Turf Sports Fields” (ECHA, 2017). ECHA evaluated human health risks for 


chemicals found in tire crumb rubber used on outdoor and indoor synthetic turf football (soccer) 


fields. ECHA compiled information for PAHs, 


metals, phthalates, VOCs, and SVOCs primarily 


from European studies. ECHA then created 


several exposure scenarios for children, adults, 


and workers installing or maintaining fields, and 


estimated inhalation, dermal, and ingestion 


exposures. Conclusions from the ECHA 


reported: “ECHA has found no reason to advise 


people against playing sports on synthetic turf 


containing recycled rubber granules as infill 


material. This advice is based on ECHA’s 
evaluation that there is a very low level of 


concern from exposure to substances found in 


the granules. This is based on the current 


evidence available. However, due to the 


uncertainties, ECHA makes several 


recommendations to ensure that any remaining 


concerns are eliminated.” 


• The National Toxicology Program (NTP, 2019) 


has conducted chemical assessments and short-


term toxicity studies on the recycled tire crumb 


rubber material itself, not specific chemical 


constituents found in the material. Findings 


from the NTP research included: “There was no 


evidence of toxicity in mice from ingestion of 


crumb rubber. Analysis of the animals’ blood 


and urine showed that internal levels of crumb 


rubber chemicals were very low. No health 


problems were observed. For tests using human 


cells, NTP found that crumb rubber, under 


certain experimental conditions such as high 


heat, leached chemicals, some of which caused 


cell death. The NTP studies did not assess 


individual chemicals of crumb rubber, although 


they did confirm that it contains many 


substances, such as polycyclic aromatic 


hydrocarbons (PAHs), metals, plasticizers, such 


as phthalates, and bisphenol A (BPA).” 


Overall, we anticipate that the results from this multi-


agency research effort will be useful to the public and 


OVERALL CONCLUSIONS FOR THE 
PLAYING FIELDS STUDY 


• In general, the findings from the FRAP 
activities on playing fields (Parts 1 and 2 
combined) support the conclusion that 
although chemicals are present (as 
expected) in the tire crumb rubber and 
exposures can occur, they are likely limited; 
for example: 


− Generally, only small amounts of most 
organic chemicals are released into the air 
through emissions. For many analytes 
measured during active play at the 
outdoor fields, next-to-field 
concentrations in air were not different 
than background samples while others 
were somewhat higher. 


− For metals, only small fractions (average 
mean about 3% for gastric fluid and <1% 
for saliva and sweat plus sebum) are 
released from tire crumb rubber into 
simulated biological fluids compared to a 
default assumption of 100% 
bioaccessibility. 


− In the biomonitoring pilot study, 
concentrations for metals measured in 
blood were similar to those in the general 
population. 


− In the supplemental biomonitoring study, 
no differences in PAH metabolites in urine 
were observed between study 
participants using natural grass fields and 
those using synthetic turf fields with tire 
crumb rubber infill.  


interested stakeholders for understanding the potential for human exposure to chemicals associated with 


recycled tire crumb rubber infill material used on synthetic turf fields. 
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Figure ES-1. Pilot exposure characterization research schematic overview. 
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1.0  Introduction  


1.1 Background 


While research efforts have tended to focus on characterizing tire crumb rubber constituents and 


environmental concentrations of related chemicals, less research has been performed to examine human 


exposures and potential risks to people using synthetic turf fields and playgrounds. With respect to 


exposure characterization, human exposure measurement data for synthetic turf field users are limited. 


There are significant data gaps in human activity parameters for various synthetic turf field activities, 


and this information is essential for estimating exposures and evaluating risks from contact with tire 


crumb rubber constituents. While the potential for inhalation exposures has been characterized for some 


constituents, there is far less information for characterizing dermal and ingestion exposures. Improved 


exposure factor information is needed to estimate and model exposures from the inhalation, dermal, and 


ingestion pathways. There are also significant limitations in the methods that have been developed and 


used to characterize human exposure from activities on synthetic turf fields. These include challenges 


collecting relevant surface, dust, and personal air samples; limited measurements of dermal exposures; 


and limited collection of urine or blood samples, which could be used for measuring biomarkers of 


exposure to chemicals in crumb rubber infill. 


To support the Federal Research Action Plan on Recycled Tire Crumb Used on Playing Fields and 


Playgrounds (FRAP), a Research Protocol was developed (U.S. EPA and CDC/ATSDR, 2016). Some 


elements of the research design outlined in the Research Protocol were intended to fill these knowledge 


gaps and address the limitations of prior studies. The data collection components of the tire crumb 


rubber exposure study went through the Office of Management and Budget (OMB) Information 


Collection Request (ICR) review process. On August 5, 2016, the U.S. Environmental Protection 


Agency (EPA), Centers for Disease Control and Prevention/Agency for Toxic Substances and Disease 


Registry (CDC/ATSDR), and Consumer Product Safety Commission (CPSC) received final approval to 


begin the research. The results of the FRAP research described in the Part 1 Report (U.S. EPA & 


CDC/ATSDR, 2019) and this Part 2 Report can be useful for improving exposure and risk assessment 


and for designing and conducting larger scale exposure and biomonitoring studies. 


Scientists identified various exposure scenarios (i.e., ways in which people may be exposed to tire 


crumb rubber infill based on their activities on synthetic turf fields) and then designed and conducted a 


pilot-scale exposure study. As defined in the Research Protocol (U.S. EPA and CDC/ATSDR, 2016), 


there were two primary aims or objectives for the exposure characterization research: 


Aim 1: Collect human activity data for synthetic turf field users that will reduce the reliance of 


default exposure factor assumptions in exposure and risk assessment; and, 


Aim 2: Conduct an exposure measurement sub-study for people using synthetic turf fields with 


tire crumb rubber infill, in what are likely to be among the higher exposure scenarios to improve 


understanding of potential exposures, particularly for the dermal and ingestion exposure 


pathways. 


To meet the first objective, researchers used questionnaires to collect information from adults and youth 


(or the parents of youth) who use synthetic turf fields with crumb rubber infill. Video data collection 


was used for a subset of these participants while they engaged in activity on synthetic fields to obtain 


objective information about important dermal and ingestion contact rates. In addition, extant 


videography of individuals engaged in activities on synthetic turf fields was acquired to provide 
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additional data on contact rates for a wider group of people and activities that could not be captured 


otherwise just using the questionnaires. The human activity information provided data for the parameters 


used in characterizing and modeling exposures associated with the use of synthetic turf fields and 


improves upon the information currently available in the literature for the dermal and ingestion exposure 


pathways. 


To meet the second objective, a pilot-scale human exposure measurement sub-study was implemented to 


further develop and deploy appropriate sample collection methods and generate data to better understand 


potential exposures that may occur when individuals frequently use synthetic turf fields. A subset of the 


participants that provided questionnaire responses were asked to participate in the exposure 


measurement pilot study based on their field usage. Field use scenarios anticipated to be among those 


with relatively high potential exposures due to frequency and duration of time spent on the field and the 


potential for contact with synthetic field materials were the focus of the study. A set of personal, 


biological, and field environmental samples was collected around a sport or training activity performed 


on a participating synthetic turf field. Personal and environmental samples were analyzed for metals, 


volatile organic compounds (VOCs), and semi-volatile organic compounds (SVOCs). For the 


biomonitoring pilot, blood and urine samples collected before and after participant practice sessions 


were analyzed for selected metal and polycyclic aromatic hydrocarbon (PAH) metabolites, respectively. 


Following the pilot-scale biomonitoring effort, ATSDR designed and conducted a supplemental 


biomonitoring study measuring PAH urinary metabolites for a larger number of synthetic field users and 


included athletes playing on natural grass fields for comparison (Appendix A). 


Researchers utilized information from the literature and data collected in this study to conduct exposure 


pathway modeling on six selected chemicals for athletes using synthetic turf fields with tire crumb 


rubber infill. This effort aimed to elucidate which exposure pathways are likely to be the biggest 


contributors to total exposure for different types of tire crumb rubber constituents; explore whether data 


produced in this study can improve our exposure estimates, particularly for the dermal and ingestion 


pathways; assess the availability, robustness, and adequacy of tire crumb and exposure measurement 


data, and data for exposure model parameters in the context of accuracy and uncertainty for exposure 


estimation; and prepare examples of modeled estimates of background exposures from residential and 


dietary sources for comparison with exposure estimates for synthetic turf field users. 


The study was performed in accordance with all required human subjects reviews and protections 


specified in the Code of Federal Regulations (45 CFR 46 for the U.S. Department of Health and Human 


Services [HHS]; 40 CFR 26 for the EPA) and in other applicable policies on human subjects at the EPA 


and CDC/ATSDR. Prior to the recruitment and collection of data, the study protocol was submitted to 


the CDC Human Research Protection Office. The study protocol was reviewed and approved by the 


CDC Institutional Review Board (CDC IRB), and then the EPA Human Subjects Research Review 


Official (HSRRO). Information and details on the consenting process, forms, and protocols was 


previously published (U.S. EPA and CDC/ATSDR, 2016). On August 2, 2017, the OMB approved the 


Information Collection Request that enabled EPA and CDC/ATSDR to conduct the field work 


associated with the exposure characterization research (OMB Control Number 0923-0058); the field 


work was concluded in Fall 2017. Following a delay due to the COVID-19 pandemic, the supplemental 


biomonitoring study was conducted in 2022. 
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1.2 Report Organization 


This report is organized into two volumes − Volume I contains the body of the report and Volume II 


contains the appendices. Volume I consists of five sections: 


• Section 1 provides a short introduction to the exposure characterization portion of the 


federal research action plan. 


• Section 2 provides a summary of the research results and main conclusions from the 


exposure characterization study, along with important limitations. 


• Section 3 provides detailed methods for the exposure characterization. 


• Section 4 provides detailed assessment results for the exposure characterization. 


• Section 5 contains the results of exposure pathway modeling and modeling approach 


assessments. 


• Section 6 contains the references. 


Volume II of this report consists of eight appendices: 


• Appendix A describes the methods and results for the supplemental biomonitoring study. 


• Appendix B contains the Quality Assurance/Quality Control section. 


• Appendices C contains the standard operating procedures (SOPs) used for the exposure 


characterization studies. 


• Appendix D contains the facility user study questionnaires. 


• Appendix E contains the exposure characterization meta-data collection forms. 


• Appendix F contains the blood metals and serum metals analysis protocols. 


• Appendix G contains the results from the video activity data. 


• Appendix H contains the feasibility assessment for silicone wristband passive samplers 


at synthetic turf fields. 
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2.0  Summary of Results and Findings  


This section provides both an overview and detailed summary of the results of individual components of 


this research study, specifically focusing on the exposure characterization and the associated findings 


based on those results. A discussion of the findings is provided along with limitations and 


recommendations for next steps. 


Technical details of the methods and detailed research results are provided in subsequent sections (3–5) 


and their associated appendices. Quality assurance and quality control results can be found in Appendix 


B. The research standard operating procedures (SOPs) are provided in Appendix C. 


2.1 Summary of Research Activities 


The federal research described in this report provides new and additional data needed for improved 


exposure estimation for athletes using synthetic turf fields with recycled tire crumb rubber infill. 


Specific activities undertaken and described in this report are summarized in Table 2-1. 


Table 2-1. Topic Area and Specific Activities Described in This Report 
Topic Area Activities 


Exposure Characterization Pilot 


Study for Youth and Adult 


Recruiting youth and adult participants for sample and data collection around their 


usual sport activities at synthetic turf fields 


Athletes Using Synthetic Turf 


Fields with Tire Crumb Rubber 


Infill 


Using questionnaire data collection to obtain data for field use duration and 


frequency of use, activity patterns on fields, and hygiene to improve exposure 


scenario development and exposure modeling for youth and adult athletes using 


synthetic turf fields 


Using extant video data and participant video data collection approaches to provide 


data for contact types and frequencies, and activity levels for improving exposure 


modeling for youth and adult athletes using synthetic turf fields 


Performing measurements to provide additional data on particles, metals, SVOCs 


and VOCs in the air at synthetic turf fields during periods of activity on the field 


and during warm to hot ambient air conditions for assessing exposure through the 


inhalation pathways 


Developing methods and providing initial data on inorganic and organic chemicals 


on field surfaces, in field dust, and on athlete skin needed to better understand and 


estimate both child and adult exposures, particularly for the dermal and ingestion 


exposure pathways 


Developing, applying and assessing methods and approaches for personal air 


sample collection 


For the pilot-scale biomonitoring effort, collecting and analyzing blood and urine 


samples for measurement of selected metals and PAH biomarkers before and after 


the monitored participant sport activities at synthetic turf fields 


Assessing silicone wristbands as potential sampling devices for future use in field 


air and personal sampling assessments of exposure at synthetic turf fields 


Applying and assessing exposure pathway models to examine differences in 


exposure levels across pathways, and to identify where lack of data (or lack of 


robust data) may be limiting accuracy and/or resulting in potentially large 


uncertainties in exposure estimation for synthetic turf field users 


Supplemental Biomonitoring 


Study 


Expanding upon the FRAP’s pilot-scale effort by including a larger sample size of 


synthetic turf with recycled tire crumb rubber infill users and a comparison group 


of natural grass field users 


Examining potential associations with pre- and post-activity urinary PAH 


biomarker concerntrations with field type 
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Topic Area Activities 


Comparing study participants’ urinary PAH concentrations to those found in the 


noninstitutionalized general U.S. population 


2.2 Exposure Characterization: Overview of Research Approach, Results and Key 
Findings 


2.2.1 Research Approach 


The exposure characterization study was a pilot-scale effort to: (a) collect information on human activity 


for synthetic turf field users that may affect exposures to tire crumb rubber and its constituents; and (b) 


implement a human exposure measurement study to further develop and test appropriate sample 


collection methods and to generate data for improved exposure characterization, including exposures 


from dermal and ingestion pathways. 


For the human activity data collection, questionnaires were administered to adults and youth (or the 


parents of children) who participated in athletic activities on synthetic turf fields with tire crumb rubber 


infill. Information was collected to help better understand the frequency and duration of play on 


synthetic fields, the variety of activities performed, and specific activity and hygiene factors that might 


influence contact with field materials and chemical exposures. Video data were also collected on a 


subset of participants performing physical activity on synthetic turf fields. In addition, publicly-available 


videos of users engaged in activities on synthetic turf fields were used to provide objective assessment 


of contact rates and types that are difficult to capture consistently using questionnaires. 


A subset of participants providing questionnaire responses also participated in an exposure measurement 


study. A set of personal, biological and field environmental samples were collected around a sport 


practice activity performed on synthetic turf fields. Personal (air and dermal wipe) samples and 


environmental samples were analyzed for metal, VOC and SVOC analytes. Urine and blood samples 


were also collected from a subset of participants as part of pilot exposure characterization research 


activities. Exposure pathway models were constructed and assessed for select chemicals and exposure 


scenarios, first using existing measurement data from other studies and then again with data from this 


study. 


Participants for the exposure characterization pilot study were adult and youth soccer or American 


football (hereafter described only as football) players (≥ 7 years of age) recruited from sport teams 


practicing at several of the synthetic turf fields sampled in the tire crumb rubber characterization study. 


Thirty-two (32) athletes from two outdoor fields and one indoor field participated in the questionnaire 


component of the exposure characterization pilot study, and 25 of those 32 participated in the exposure 


measurements activities. Seventeen (17) of the 25 exposure measurement study participants took part in 


the video data collection. For the pilot-scale biomonitoring portion, 14 of the 25 provided urine samples, 


and 13 of the 25 provided blood samples.5 Seven of the exposure characterization pilot study 


participants were between seven to 10 years of age, 18 participants were ages 11 to 17 years of age, and 


seven were adults (18+). Additional activity information was obtained from 34 publicly-available videos 


of 60 athletes (adults and youth) engaged in soccer, football, and field hockey sports. 


5 See Appendix A for the supplemental biomonitoring study. 
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2.2.2 Overview of Results and Key Findings 


Human activity data were collected using both video and questionnaire approaches to gain more 


information about the ways people use and come into contact with synthetic turf fields and tire crumb 


rubber infill. Video data analysis provided objective data for important exposure factors, including hand-


to-mouth, object-to-mouth, hand-to-turf, and body-to-turf contact rates. Children and adults were found 


to have similar contact rate frequencies. Some types of exposure contacts were observed more 


frequently for football players compared to soccer players, such as object-to-mouth contact due to the 


use of mouth guards. Previous exposure evaluations had not been performed for football player exposure 


scenarios on synthetic turf with tire crumb rubber infill. 


Study participants reported via the questionnaires that they engaged in athletic activities through most 


seasons at both synthetic turf fields and at grass fields. Physical contact with synthetic turf was 


frequently reported by participants. Participants also frequently reported finding tire crumb rubber on 


their bodies and in their cars and homes after playing on synthetic turf fields with recycled tire crumb 


rubber infill. There were no consistent exposure patterns across age groups, except older participants 


were more likely to report finding tire crumb rubber on their bodies. Note that the questionnaire did not 


include questions about potential exposures before participants came to a synthetic turf field. The data 


from the questionnaires helped inform our knowledge of factors that may affect exposure to recycled tire 


crumb rubber infill used on synthetic turf fields, and the questionnaire developed and used in this pilot 


effort can help in the design of activity data collection approaches in larger future studies. 


Air samples were collected for VOC, SVOC, metal and total suspended particulate (TSP) analysis at 


three synthetic turf fields during warm to hot weather, while athletic teams practiced. For many analytes 


at the outdoor fields, next-to-field concentrations were not different than background samples; 


exceptions included methyl isobutyl ketone, 4-tert-octylphenol, benzothiazole and several PAHs, for 


which next-to-field measurements for most were modestly above background levels. Air concentrations 


of many analytes were higher in the indoor field facility compared to background levels. 


To assess the potential availability of residues and dust for exposures, SVOCs and metals were analyzed 


in field dust samples and field surface wet wipe samples, and SVOCs were also analyzed in field surface 


drag sled samples. Field dust was obtained by placing infill from the synthetic turf field surface into a 


sieve and collecting particles < 150 µm for analysis. On average, SVOCs were present in field dust at 


concentrations similar to, but lower than, those measured in the tire crumb rubber infill. Zinc and cobalt, 


two tire crumb rubber metal constituents, were measured in field dust at lower levels than in tire crumb 


rubber. Other metals, such as lead, were present in field dust at levels higher than those measured in the 


tire crumb rubber, suggesting potential sources other than the rubber. Given the small particle sizes, field 


dust may be an important medium for inhalation, dermal and ingestion exposures. SVOCs were 


measured at low levels in field wipe and drag sled samples, with average transferrable levels generally 


below 0.2 ng/cm2. Many metals were measured in field surface wipes at average values below 2 ng/cm2, 


while zinc and metals typically found in soil were measured at higher levels. 


Personal dermal wipe sample collection was performed for youth and adult participants. SVOCs and 


metals were analyzed using wet wipes that were applied to the hand, arm, and leg of study participants 


following their usual athletic practice sessions on synthetic turf fields. All metals except selenium were 


found at measurable levels in dermal wipe samples. Many metals were measured in dermal wipe 


samples at median values below 1 ng/cm2, while zinc and other metals typically found in soil were 
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measured at 4.1 to 140 ng/cm2. About half of the SVOCs were measured in dermal wipe samples at 
levels above the method detection limit. Most SVOCs had median values below 0.2 ng/cm2, with up to 
0.21 ng/cm2 for 4-tert-octylphenol, 0.69 ng/cm2 for n-hexadecane, and several phthalates with median 
levels up to 7.0 ng/cm2. The phthalates may have been present from other sources in addition to, or 
instead of, field materials. Few clear differences in dermal levels were observed between age groups or 
between football and soccer groups. The dermal measurements have limitations (e.g., samples were 
collected only post-activity, sampling efficiency is uncertain), but provide information that can be used 
in exposure models to avoid highly uncertain transfer rate estimates for dermal exposures. 


Collecting personal air samples for research participants engaged in active athletic activities is 
challenging. The concentration of analytes of interest are generally low, the activity durations are short, 
and player safety must be a priority in collecting samples, particularly for children. In this study, a small, 
passive VOC air sampler with high effective sampling rates was attached to the upper backs of a 
practice jersey worn by each study participants during their usual athletic practice sessions on synthetic 
turf fields. When collecting air samples from the football players, one sampler was destroyed and 
another damaged during vigorous tackling activities; all other samples were successfully collected. The 
samplers did not perform as desired, however, with inconsistent effective sampling rates measured in 
testing based on both laboratory chamber and field conditions, and low recoveries of the two highest 
concentration analytes, benzothiazole and methyl isobutyl ketone. Additional research would be 
required to determine if any personal air sampling devices can be successfully used in research studies 
with youth participants. It may be necessary to limit personal air sampling to adult volunteers willing to 
wear more bulky samplers with pumps and certain types of activities.  


A total of 14 individuals, aged 11 – 21, consented to participate in the pilot-scale biomonitoring portion 
of the exposure measurement study. For the biomarker measurements pilot-scale biomonitoring study, 
blood and urine samples were collected from study participants before and after their sports activities on 
the field. Of the 25 exposure measurement study participants, 14 provided urine samples and 13 
provided blood samples. The participants providing blood and urine samples were 11 – 21 years old. 
The urine samples were analyzed for seven PAH metabolites, and the blood and serum samples were 
analyzed for metals. The laboratory analyses were performed by the CDC’s National Center for 
Environmental Health Division of Laboratory Sciences. For the pilot-scale study, significant differences 
in mean concentrations were observed when comparing pre- and post-activity levels for the unadjusted 
PAH metabolites. For the unadjusted concentrations, the post-activity geometric mean was significantly 
higher (p-value < 0.05) for all urinary PAH metabolites than the pre-activity geometric mean (Figures 2-
1 and 2-2). For example, the unadjusted post-activity geometric mean for 2-hydroxynaphthalene 
(geometric mean= 18.6 µg/L; 95% CI: 12.6 – 27.4) is significantly greater than the unadjusted pre-
activity geometric mean (geometric mean= 7.69 µg/L; 95% CI: 4.61 – 12.8). When compared with PAH 
analytes reported in NHANES 2013-2014 (CDC 2013-2014) for participants aged 11 to 21, the 
geometric mean for all unadjusted urinary PAH metabolites post-activity was higher than the NHANES 
geometric mean, with the exception of 1-hydroxypyrene.  
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Figure 2-1. Geometric mean of unadjusted urinary PAH concentrations (ng/L) for  
exposure pilot study participants, pre-activity and post-activity, compared to NHANES  
2013-2014 weighted and design-adjusted values for ages 11-21. [PAH = polycyclic 
aromatic hydrocarbon; NHANES = National Health and Nutrition Examination Survey; 1-PHE = 
1-Hydroxyphenanthrene; 1-PYR = 1-Hydroxypyrene; 2 & 3-PHE = 2- & 3-Hydroxyphenanthrene;  
2-FLU = 2-Hydroxyfluorene; 3-FLU = 3-Hydroxyfluorene] 
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Figure 2-2. Geometric mean of unadjusted 1-hydroxynaphthalene and 2-hydroxynaphthalene 
concentrations (µg/L) for exposure pilot study participants, pre-activity and post-activity,  
compared to NHANES 2013-2014 weighted and design-adjusted values for ages 11-21.  
[NHANES = National Health and Nutrition Examination Survey; 1-NAP = 1-Hydroxynaphthlaene; 2-NAP = 
2-Hydroxynaphthlaene] 
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The NHANES urinary PAH metabolite concentrations adjusted for creatinine and the creatinine-
adjusted concentrations pre- and post-activity were compared. In comparing pre- and post-activity 
creatinine-adjusted measurements for these PAH metabolites in urine, most results were similar. There 
was no significant difference in pre- and post-activity concentrations, except for 2-hydroxynaphthalene. 
For 2-hydroxynaphthalene, there was a statistically significant increase in the post-activity mean 
concentrations when compared to the pre-activity mean concentrations (p-value = 0.041). The difference 
was greater for football players (p-value = 0.016). When compared with PAH analytes reported in 
NHANES 2013-2014 for participants aged 11 to 21, the synthetic turf field user group had similar mean 
concentrations of PAH analytes (Figure 2-3). The measured NHANES geometric means were similar, 
except for 1-hydroxypyrene, 2-hydroxynaphthalene, and 3-hydroxyfluorene (Figures 2-3 and 2-4). The 
NHANES geometric mean for both 1-hydroxypyrene and 3-hydroxyfluorene was greater than the pre- 
and post-activity geometric mean for this study. The NHANES geometric mean for 2-
hydroxynaphthalene was less than the pre- and post-activity geometric means for this study. It should be 
noted that field measurements of naphthalene (a parent compound to 2-hydroxynaphthalene) in tire 
crumb rubber infill, field air, field dust, field wipe and drag sled samples were all low, and only 17% of 
the dermal wipe (personal) naphthalene measurements were above the quantifiable limit for football 
players. In addition, napthalene was 4 to over 100 times lower than phenanthrene and pyrene in these 
media, yet metabolites of these PAHs were lower than their NHANES values. Specific gravity 
measurements were also performed, and the PAH concentrations were adjusted. Specific gravity (SG) 
adjusted pre- and post-activity PAH concentrations in urine were compared. Post-activity concentrations 
were statistically higher than pre-activity concentrations for all metabolites, and all differences were 
statistically significant using the signed-rank test. Median differences were larger for soccer players than 
for football players. Comparing this result to the same analysis of creatinine-adjusted concentrations 
shows how the choice of urine-dilution method can profoundly affect study conclusions. Because SG-
adjusted concentrations were only collected in the 2007-2008 NHANES cycle, and because PAH 
concentrations have changed over time, a comparison to study concentrations would not be meaningful. 
CDC/ATSDR conducted a supplemental biomonitoring study which elucidated the findings of the pilot 
biomonitoring efforts; results for the supplemental biomonitoring study can be found in Appendix A. 


The concentrations of metals in whole blood and serum were compared in samples collected from study 
participants pre- and post-activity. Significant differences were not observed in the means and geometric 
means between the pre- and post-activity samples for football or soccer players. When compared with 
blood and serum metal concentrations reported in NHANES 2013-2014, participants aged 11 to 21, the 
geometric mean concentrations for whole metals in blood and serum for the synthetic turf field users 
were similar, with the exception of blood selenium (Figures 2-5 and 2-6). The pre-activity and post-
activity geometric mean concentrations for blood selenium were greater than the NHANES geometric 
mean. However, selenium was below the detection limits in the tire crumb rubber analyses, field air, 
field wipe, field dust, and dermal wipe samples. Selenium was also measured in serum. Serum selenium 
geometric mean concentrations reported in NHANES 2013-2014 were similar to the mean 
concentrations measured for the study participants.  
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Figure 2-3. Geometric mean of creatinine-adjusted urinary PAH concentrations (ng/g) for exposure 
pilot study participants, pre-activity and post-activity, compared to NHANES 2013-2014 weighted  
and design-adjusted values for ages 11-21. [PAH = polycyclic aromatic hydrocarbon; NHANES = National 
Health and Nutrition Examination Survey; 1-PHE = 1-Hydroxyphenanthrene; 1-PYR = 1-Hydroxypyrene; 2 & 3-PHE = 
2- & 3-Hydroxyphenanthrene; 2-FLU = 2-Hydroxyfluorene; 3-FLU = 3-Hydroxyfluorene] 
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Figure 2-4. Geometric mean of creatinine-adjusted 1-hydroxynaphthalene and 2-hydroxynaphthalene  
concentrations (µg/g) for exposure pilot study participants, pre-activity and post-activity, compared 
to NHANES 2013-2014 weighted and design-adjusted values for ages 11-21. [NHANES = National 
Health and Nutrition Examination Survey; 1-NAP = 1-Hydroxynaphthlaene; 2-NAP = 2-Hydroxynaphthlaene]. 
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Figure 2-5. Exposure pilot study, pre-activity and post-activity, blood selenium, serum 


copper, serum selenium, and serum zinc geometric mean levels compared to NHANES 2013-2014 


weighted and design-adjusted values for ages 11-21. [NHANES = National Health and Nutrition 


Examination Survey] 
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Figure 2-6. Exposure pilot study, pre-activity and post-activity, blood cadmium, blood 


manganese, blood lead and total blood mercury geometric mean levels compared to NHANES 


2013-2014 weighted and design-adjusted values for ages 11-21. [NHANES = National 


Health and Nutrition Examination Survey] 
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MEASUREMENT 
HIGHLIGHTS 


As a complement to exposure measurements, modeling can provide information on potential exposures. 


Exposure pathway modeling for athletes using synthetic turf fields with recycled tire crumb rubber infill 
PERSONAL 


was performed. By way of example, six chemical substances (pyrene, benzo[a]pyrene, benzothiazole, 


methyl isobutyl ketone, lead and zinc) were evaluated using data available from the literature and 


supplemented with data collected in this study. In general, estimated daily exposures were < 5 x 10-5 


mg/kg-d for most chemicals and pathways. Inhalation was the most dominant pathway for the more 


volatile chemicals, with inhalation exposure estimates reaching up to 5 x 10-3 mg/kg-d for methyl 


isobutyl ketone at indoor fields. Ingestion was estimated to be the most dominant pathway for metals 


and less volatile chemicals. Ingestion estimates for zinc were as high as 5 x 10-3 mg/kg-d when estimates 


were made using existing measurement data, and 2 x 10-4 mg/kg-d when using data from this study. 


To provide context, exposure from other typical sources (such as residential and dietary “background”) 
were compared to those of field users. Residential (e.g., indoor air and dust) plus dietary ‘background’ 


exposures were estimated for four chemicals associated with tire crumb rubber. For pyrene and 


benzo[a]pyrene, residential plus dietary exposure estimates were 1.5 to 3 times higher than average 


exposures estimated for synthetic field users using data generated in this study. For zinc and lead, 


residential plus dietary exposure estimates were over 100 times higher than average exposures estimated 


for synthetic field users based on data produced in this study and over 10 times higher than estimates 


using literature results to model exposures for synthetic turf field users. When using literature data and 


different model parameters, synthetic turf field users were estimated to have at most 1.5 times higher 


pyrene exposures than those from residential plus dietary background. However, there is likely 


considerable uncertainty in these exposure estimates. 


2.2.3 In Summary 


• Pilot study measurements were made in air, surface wipe, dust and dermal media for a 


wide range of chemicals for 25 participants participating in soccer or football practices at 


synthetic turf fields. The measurements provided additional data for assessing inhalation 


exposures and new data for better understanding exposures through dermal and ingestion 


pathways. Many of the chemicals that were associated with tire crumb rubber were found 


in the environmental or dermal samples. Most SVOCs were found at low concentrations 


in the field wipe and drag sled samples, and many SVOCs had a high percentage of 


dermal wipe measurements below quantifiable limits. In air samples collected next to 


outdoor fields with active play, several chemicals were measured at levels modestly 


above background air concentrations, while many chemicals were not found above 


background levels. Higher levels of many chemicals were measured in the air at the 


indoor field compared to the levels at the outdoor fields or in the background air samples. 


• This study has provided important new and additional information about chemicals in tire 


crumb rubber and the ways field users may come into contact with this material and its 


chemicals; however, the magnitude of potential exposures is still somewhat uncertain, in 


part due to incomplete information regarding the amounts of field dust that adhere to the 


skin of synthetic turf field users and the amounts of dust and tire crumb rubber ingested. 


• When compared with NHANES 2013-2014 data for individuals age 11-21, the geometric 


mean concentrations of metals in blood and serum were similar, with the exception of 


blood selenium. The unadjusted urinary PAH metabolite concentrations were higher post-


activity than pre-activity and higher post-activity than concentrations reported for 


individuals age 11-21 in NHANES 2013-2014. When adjusted for creatinine, urinary 


PAH metabolite concentrations showed no difference in concentrations pre- and post-


activity, with the exception of 2-hydroxynaphthalene. However, generally low 
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concentrations of naphthalene were found in the tire crumb rubber, field measurement, 


and dermal wipe samples. Specific gravity was not collected in the 2013-2014 NHANES 


cycle. Comparing our SG results to the 2007-2008 NHANES cycle could be 


inappropriate due to changes in PAH levels over time. 


• Modeled estimates suggest that synthetic turf field users may have pyrene and 


benzo[a]pyrene exposures similar to or somewhat lower than estimated background 


exposures, and exposures to zinc and lead that are substantially lower than background. 


Taking into account the pilot nature of this study and related uncertainties, neither of 


these observations on their own can provide definitive answers that exposures may be 


low; together they are consistent with results of recent studies. 


• Video data analysis approaches were tested and, along with questionnaires, applied in this 


pilot study. These video and questionnaire approaches were found to be effective for 


generating information on human activity patterns of youth and adult synthetic turf field 


users that may affect their exposures to tire crumb rubber and its constituents. This 


information can be used to further develop and improve exposure scenario generation and 


exposure modeling; however, more data are needed for a wider range of on-field 


activities and for athletes with higher field contact rates. Most assessments to date have 


been performed for soccer player scenarios; data produced in this study suggests football 


players may have higher frequencies of certain types of contacts that may increase 


exposure. An increase in blood metal concentration was not observed after practice. 


• Blood selenium levels, both pre- and post-activity, were higher than the geometric mean 


for participants aged 11 – 21 in the 2013-2014 National Health and Nutrition 


Examination Survey (CDC NHANES 2013 – 2014). However, selenium was not found 


above detection limits in tire crumb and other field environment matrices. 


• With the exception of blood selenium, body burden levels of metals in these study 


participants were consistent with those found for the general population (CDC NHANES 


2013 – 2014, participants aged 11-21). 


• Significant differences in mean concentrations were observed when comparing pre- and 


post-activity levels for the unadjusted urinary PAH metabolites. 


• In comparing pre- and post-activity creatinine-adjusted measurements for these 


PAH metabolites in urine, there was no significant difference in pre- and post-


activity concentrations, except for 2-hydroxynaphthalene. 


• When compared with PAH analytes reported in NHANES 2013-2014 for participants 


aged 11 to 21, the geometric mean for all unadjusted urinary PAH metabolites post-


activity was higher than the NHANES geometric mean, with the exception of 1-


hydroxypyrene. The geometric mean for creatinine-adjusted urinary PAH metabolites 


was similar to the NHANES geometric mean, with the exception of 1-hydroxypyrene and 


3-hydroxyfluorene which had higher geometric means in NHANES. 


• The supplemental biomonitoring study (Part 2 Report Appendix A) further elucidates 


the initial pilot findings. In general, no differences in PAH metabolites in urine were 


observed between study participants using grass and synthetic turf fields with tire crumb 


rubber infill in the supplemental biomonitoring stud 
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2.3 Detailed Summaries of Research Results 


2.3.1 Exposure Characterization Pilot Study for Athletes Using Synthetic Turf Fields 
with Tire Crumb Rubber Infill 


2.3.1.1 Participant Recruitment 


Children and adults participating on sports teams that practiced on community synthetic turf fields that 


participated in the tire crumb rubber characterization study were recruited to participate in the 


questionnaire, exposure measurement, and video activity components of the exposure characterization 


pilot study. 


• In-person recruitment was conducted Monday through Thursday immediately prior to, 


during, and after field activities. 


• Recruited participants included 32 for the questionnaire component, 25 for the exposure 


measurements sub-study, and 17 for the video activity. For the biomonitoring pilot study, 


fourteen participants provided urine samples and 13 participants provided blood 


samples.6 


• Participants were a variety of ages; specifically, seven participants were between seven to 


less than 11 years of age, 18 participants were ages 11 to less than 18 years of age, and 


seven were adults (18+). 


• Participants were recruited and sampling was conducted during two sport activities, 


football and soccer practice sessions. 


2.3.1.2 Field Measurements 


• Air samples were collected for VOC, SVOC, metal, and total suspended particulate 


analysis at three synthetic turf fields (i.e., two outdoors fields and one indoor field) 


during warm to hot weather during athletic team practices. For many analytes at the 


outdoor fields, next-to-field concentrations were not different than background ambient 


air samples; exceptions included next-to-field levels of methyl isobutyl ketone, 4-tert-


octylphenol, benzothiazole, and several PAHs. For most of these analytes, differences at 


outdoor fields between next-to-field and background levels were modest. It is not clear 


how well air samples collected next to the field represent personal inhalation exposures, 


however, collecting accurate breathing zone air samples for the wide range of chemicals 


present in tire crumb rubber is a challenge. 


• Air concentrations of many VOC, SVOC and metal analytes associated with tire crumb 


rubber were higher in the indoor field facility compared to outdoor fields and background 


levels. 


• On average, SVOCs were present in field dust at concentrations similar to, but somewhat 


lower than, those measured in the tire crumb rubber infill. It is not clear whether the 


amounts of SVOCs in field dust were lower than the amounts in the tire crumb rubber or 


were a result of relatively low extraction efficiencies from the dust. Zinc and cobalt were 


measured in dust at somewhat lower levels than in tire crumb rubber. Other metals, such 


as lead, were present in dust at levels higher than those measured in the tire crumb 


rubber. 


6 See Appendix A for the supplemental biomonitoring study. 
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• SVOCs were measured at low levels in field wipe and drag sled samples, with average 


transferrable levels generally below 0.2 ng/cm2. 


• Many metals were measured in field surface wipes at average values below 2 ng/cm2, 


while zinc and metals typically found in soil were measured at higher levels. Zinc in tire 


crumb rubber likely contributed to the levels measured in the field surface wipes. 


2.3.1.3 Personal Measurements 


• Personal dermal wipe sample collection was performed for exposure measurement sub-


study participants. SVOCs and metals were analyzed using wet wipes collected from the 


hand, arm, and leg of study participants following their usual athletic practice sessions on 


synthetic turf fields. (Pre-practice dermal samples were not collected due to time and 


participant availability constraints). 


• All metals except selenium were found at measurable levels in the dermal wipes. Many 


metals were measured in dermal wipes at median values below 1 ng/cm2, while zinc and 


other metals typically found in soil were measured at 4.1 to 140 ng/cm2. 


• About half of the SVOCs were measured in dermal wipe samples at levels above the 


method detection limit. Most SVOCs had median values below 0.2 ng/cm2, with up to 


0.21 ng/cm2 for 4-tert-octylphenol, 0.69 ng/cm2 for n-hexadecane, and several phthalates 


with median levels up to 7.0 ng/cm2. The phthalates may have been present from other 


sources in addition to or instead of field materials. 


• Few clear differences in dermal levels for the different analytes were observed between 


age groups or between football and soccer groups. 


• In this study, a small passive VOC air sampler with high effective sampling rates was 


attached to the upper backs of each study participants during their usual athletic practice 


sessions on synthetic turf fields. For the football players, one sampler was destroyed and 


another damaged during vigorous tackling activities. Otherwise, all remaining samples 


were successfully collected. 


• The personal air samplers did not provide usable measurement results. Inconsistent 


effective sampling rates were measured under laboratory chamber and field conditions, 


and low recoveries were observed for the two highest concentration analytes, 


benzothiazole and methyl isobutyl ketone. 


• For the pilot-scale biomonitoring study, all unadjusted urine PAHs showed PAH 


metabolites were higher after practice, and the after practice geometric means were 


greater than the NHANES 2013-2014 geometric mean for the same age group. For the 


creatinine-adjusted urinary PAH metabolite concentrations, no difference in 


concentration was observed before or after practice on a synthetic turf field with tire 


crumb rubber infill, except for 2-hydroxynaphthalene. Both the pre-activity and post-


activity geometric mean for 2-hydroxynaphthalene was greater than the NHANES 2013-


2014 geometric mean for the same age group. 


• For specific gravity-adjusted metabolite concentrations, all post-activity concentrations 


were statistically higher than pre-activity concentrations, and all differences were 


statistically significant using the signed-rank test. 


• The whole blood and serum metals results showed no significant difference in 


concentrations before or after practice on a synthetic turf field with tire crumb rubber 


infill. A majority of the pre- and post-activity geometric mean concentrations were 
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similar to NHANES 2013-2014 geometric mean concentrations for the same age group, 


with exception of selenium. Selenium concentrations were slightly higher in the pilot 


study participants than the NHANES comparison group. It is important to note that the 


biomonitoring study that was conducted as part of the exposure measurement study was a 


pilot-scale effort with several limitations. The sample size was very small (n=14) and 


individuals who participated in the pilot-scale biomonitoring study were recruited at only 


two outdoor fields. A larger sample size was needed in order to confirm the pilot-scale 


study results. See Appendix A for the report of the supplemental biomonitoring study. 


2.3.1.4 Activity Data Collection 


Participant Questionnaires – Questionnaires were administered to 32 participants − adults (age 18+), 


youth (11 to 18 years of age), and the parents of children (7 to 10 years of age) − to obtain information 


on the frequency, duration, and activities performed on various types of fields, along with other 


information on hygiene and activities that may affect exposures to tire crumb rubber and associated 


chemicals. 


• A majority of participants reported playing on synthetic turf fields at least once a week in 


the past year (63%) and past five years (56%). A majority also reported playing on 


natural grass fields at least once a week in the past year (59%) and past five years (56%). 


• For all participants, diving, falling, sitting, and drinking on turf fields were commonly 


reported, especially in the summer. 


• Commonly reported activities occurring on synthetic turf fields every time or often 


included drinking (81% of participants), hands touching the turf (78% of participants), 


and body parts (other than hands) touching turf (75% of participants). 


• A majority of participants reported finding tire crumb rubber, dirt or debris every time or 


often on their body (66% of participants), in their car (75% of participants), or at home 


(59% of participants) after using a synthetic turf field. 


Video Data Collection and Analysis – Video recordings were used to generate objective information on 


exposure-related micro-activity events for youth and adult athletes participating in sports activities on 


athletic fields. Two approaches were applied, using existing, publicly-available videos and videos 


recorded for a subset of exposure characterization pilot study participants. 


• Publicly-available videos of 30 youth and 30 adults participating in soccer, football, or 


field hockey allowed generation of frequency counts for hand-to-mouth, object-to-mouth, 


hand-to-turf, and body-to-turf events. 


• In data from the publicly-available videos, there were no significant differences in the 


frequency of youth and adult micro-activity events. There were significantly higher hand-


to-mouth, object-to-mouth, hand-to-turf, and body-to-turf events for football players 


compared to soccer and field hockey players, however. 


• Video recording and activity analysis was performed for 17 youth and adult participants 


engaging in soccer or football practice sessions during the exposure characterization pilot 


study. Micro-activity frequencies and information on physical activity levels and physical 


activity duration was captured from the videos. 


• Because of the use of mouth guards, football players had a four-fold higher frequency of 


object-to-mouth events than soccer players in the exposure pilot study videos, and they 


had a two-fold higher frequency of body-to-turf events. Soccer players had significantly 
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higher average duration in the high physical activity category, while football players had 


significantly higher average duration in the resting category during practice sessions. 


• These types of contact frequency and physical activity level information, when combined 


with questionnaire data on duration and frequency of field uses, could be used in future 


work to refine exposure scenarios and improve exposure models for synthetic field users. 


2.3.1.5 Exposure Pathway Modeling 


Exposure pathway modeling for athletes using synthetic turf fields with tire crumb rubber infill was 


performed using data available from the literature and supplemented with data collected in this study. 


The primary purposes of this modeling exercise were to: 


• Elucidate which exposure pathways are likely to be the biggest contributors to total 


exposure for different types of tire crumb rubber constituents. 


• Explore whether data produced in the federal study can improve our exposure 


estimations, particularly for the dermal and ingestion pathways. 


• Assess the availability, robustness and adequacy of tire crumb rubber data, exposure 


measurement data and the data needed for exposure model parameters to determine the 


accuracy and uncertainties in exposure estimations for athletes using synthetic turf fields. 


• Prepare modeled estimates of background exposures from residential and dietary sources 


for comparison with exposure estimates for synthetic turf field users. 


Six chemical substances associated with synthetic turf fields and tire crumb rubber were selected for 


exposure pathway modeling. They were selected based on the availability of previous measurement data 


and represent a range of physical and chemical properties. Adult and child pathway-specific exposure 


estimates were calculated for each of the six chemical substances and were compared to identify the 


predominant pathway for each chemical substance. 


• Pathway algorithms were first run using previously-reported measurement values. 


• In general, chemicals of like or similar classifications (i.e., VOCs/SVOCs, metals) 


followed the same pattern of exposure for each age group. 


• Ingestion of tire crumb rubber appears to be the most significant pathway of exposure for 


the PAHs pyrene and benzo[a]pyrene, and exposure decreases with age due to an 


assumed decrease in tire crumb rubber ingestion with age. 


• Exposure to metals, namely lead and zinc, is highest in the 6 to 10 age range, with a 


predominant route of ingestion. The results show a significant decrease in exposure in the 


other age groups due to an assumed decrease in tire crumb rubber ingestion. 


• The main exposure pathway for benzothiazole and methyl isobutyl ketone appears to be 


inhalation, with much higher inhalation exposures at indoor fields than outdoor fields; 


however, this is based only on a very small number of indoor field air measurements. 


• Dermal exposures are estimated to be lower than ingestion exposures for the metals and 


PAHs and much lower than the inhalation exposures for benzothiazole. However, there 


are large uncertainties in the model adherence and dermal absorption parameters. 
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Using tire crumb rubber, metals bioaccessibility, field environment measurement data, and exposure 


measurement data from this tire crumb rubber and exposure characterization study (including 


measurements in field dust and in dermal wipes), the exposure pathway models were re-run. Dermal 


wipe measurements from the exposure pilot study provided the ability to calculate the amount of 


chemical directly in contact with the exposed skin, avoiding more uncertain adherence assumptions. 


Field dust measurements were used in place of those for the tire crumb rubber, as these measurements 


were likely more relevant for the ingestion pathway. Field air measurements from the exposure pilot 


study were used for the inhalation pathway. 


• Similar exposure pathway patterns were seen using the exposure pilot study data and the 


extant data. The assumed amounts of tire crumb rubber ingested were the key drivers for 


age-related differences. 


• Ingestion estimates were slightly lower using the exposure pilot study data, based on 


slightly lower metal and PAH levels in field dust compared to tire crumb rubber. 


• There are no objective data for assessing tire crumb rubber or field dust ingestion 


amounts for synthetic field turf scenarios, resulting in highly-uncertain ingestion 


exposure estimates. 


• Dermal exposure estimates using dermal measurements from the exposure pilot study 


were lower than those estimated from extant data and an assumed adherence factor. 


Metals estimates were also lower when using the lower absorption values applied from 


the bioaccessibility measurements from this study. 


Estimates of ‘background’ exposures from residential and dietary sources were compared to modeled 


estimates for synthetic turf field users for benzo[a]pyrene, pyrene, lead and zinc as an example of how 


this type of comparison might be approached. Modeling ‘background’ exposures may also inform 


approaches for estimating total exposures that synthetic turf field users may experience from all sources. 


Total exposure estimates would best be performed over an appropriate time interval, for example over a 


year, rather than the comparison of daily exposures that was performed here. 


• Benzo[a]pyrene and pyrene exposures estimated from residential plus dietary sources 


were estimated to be 1.5 to 3 times higher than modeled exposure estimates for synthetic 


turf field users based on data produced in this study. 


• When using literature results for synthetic turf fields and somewhat different model 


parameters, benzo[a]pyrene exposures from residential plus dietary sources were similar 


to those for synthetic turf field users. Pyrene exposures were at most 1.5 times higher for 


synthetic turf field users using literature data compared to residential plus dietary sources. 


• Lead and zinc exposures estimated from residential plus dietary sources were estimated 


to be over 100 times higher than modeled exposure estimates for synthetic turf field users 


based on data produced in this exposure pilot study, and over 10 times higher than 


estimates using extant data from the literature to model exposures for synthetic turf field 


users. 


Based on these modeling exercises, we report the following observations regarding the adequacy of the 


data for exposure estimation for athletes using synthetic turf fields: 


• The data are not adequate to support probabilistic exposure modeling approaches. For 


many chemicals found to be associated with tire crumb rubber infill on synthetic turf 


fields, there is a lack of robust data for many exposure media, including air (particularly 
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in athlete breathing zones for particulate matter), field surfaces and field dust, and dermal 


residue loadings. This lack of robust data likely results in increased uncertainty in 


exposure estimation. 


• Current exposure estimates are somewhat limited by the lack of exposure scenarios that 


more fully account for actual activity levels and types and frequencies of contact, and 


their differences among sport types (e.g., football vs. soccer) and specific positions that 


may involve higher rates of contact with turf materials (e.g., soccer goalies and football 


running backs). 


• More information on activity patterns and micro-activity events related to exposures were 


collected in this study. This information can be used to help fill gaps in some exposure 


parameters and perhaps allow improved exposure estimates across age groups and sports 


through development of more detailed exposure pathway algorithms. 


• There are limited or no data for some of the important parameters needed to estimate 


exposures for athletes using synthetic turf fields with tire crumb rubber infill. The lack of 


parameter data leads to applications of assumed values or values applied from non-


equivalent scenarios, both of which can lead to considerable uncertainties in exposure 


estimates. In some cases, conservative parameter values have been applied in order to 


inform conservative and protective assessments, but that could lead to exposure over-


estimation. For example, RIVM applied a conservative tire crumb rubber ingestion rate of 


0.2 g/event, which is higher than the 24-hour soil and dust ingestion values ranging from 


0.01 to 0.06 g/day commonly used for residential exposure estimation. RIVM and ECHA 


also applied a conservative soil/dust dermal adherence factor of 0.001 g/cm2, which is 


higher than reported amounts measured for residential or other relevant scenarios. In 


other cases, important exposure mechanisms may not be correctly accounted for, that 


could lead to exposure under-estimation. For example, the amount of airborne tire crumb 


rubber fine particles could be higher in the direct breathing zones of some athletes than 


existing measurements suggest, potentially resulting in an underestimation of inhalation 


exposures. 


• There are a large number of chemical substances associated with tire crumb rubber infill 


that have not been included in most exposure assessments. Lack of certainty in the 


identification of many of these chemicals and lack of quantitative measurements inhibits 


a more complete cumulative exposure assessment. 


• Data are likely to be sparse for estimating background exposures for many chemicals 


associated with tire crumb rubber for comparison with estimates for synthetic turf field 


users and for preparing total exposure estimates combining field-related and background 


exposures. 


2.4 Research Limitations 


2.4.1 Research Design Constraints 


The exposure characterization pilot study was not based on a representative sampling design and is 


underpowered for assessing differences among potential exposure factors. However, the exposure 


characterization study was intended as a pilot-scale effort to further develop measures and approaches 


suitable for providing relevant exposure information in larger studies. Another design constraint was a 


decision to focus characterization research on the recycled tire crumb rubber infill and not to include 


other synthetic turf field materials (e.g., synthetic grass blades and backing material) due to the 


expanded scope that would be needed for a high-quality characterization of all these materials. In 
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regards to the biomonitoring pilot study, design limitations did not allow for control of exposures that 


occur from off-field activities and/or exposures when urine, blood and dermal wipe sampling take place. 


Therefore, relating these exposures to measures of exposure from tire crumb fields includes a degree of 


uncertainty. 


2.4.2 Planned Work Not Completed in this Study 


Not all research goals for this study were completely met. Exposure pilot study goals included collecting 


samples at six synthetic turf fields, administering questionnaires to 60 participants, and performing 


personal exposure measurements of 45 participants. Only three fields were sampled, 32 participants 


completed questionnaires, and 25 participants underwent personal exposure measurements. Timing 


issues as to when fields and/or athletes could be available and study-specific deadlines were the primary 


reasons for not fully meeting the intended sample size for the exposure pilot study. No full-time soccer 


goalies or football running backs, athletes that may have higher field contact rates, participated in the 


measurement study. 


2.4.3 Multi-source and Pathway Exposure Characterization 


People are exposed to many of the chemicals of interest at synthetic turf fields (e.g., metals, PAHs, 


phthalates, VOCs, and SVOCs) from other sources and environmental media, including ambient and 


indoor air, soil, house dust, food, and water. Synthetic turf field users may have more specific exposures 


to other types of chemicals used in tire manufacturing (e.g., rubber vulcanization agents or accelerators, 


antioxidants) that are not typically found in the general environment. However, people are likely 


exposed to tire wear particles in the environment, as well. Additionally, many rubber products are used 


in buildings and transportation systems. In any risk assessment or epidemiological investigation, it 


would be important to try to understand the relative exposures from all sources and pathways, including 


synthetic turf fields. This study provides examples of how multi-source and multi-pathway comparative 


modeling assessments might be performed for chemicals with sufficient data. Expanding this work to 


other chemicals and scenarios was beyond the scope and timeframe for this research. 


Exposure pathway modeling was performed for several chemicals associated with tire crumb rubber to 


assess potential exposures for adult and youth athletes using synthetic turf fields, to better understand 


which exposure pathways might be the most important, and to assess the extent and quality of 


information needed for successful modeling. Ideally, probabilistic modeling approaches would have 


been used to develop distributions of exposure estimates. However, only point estimates of exposure 


were developed through modeling in this study due to the sparseness of data for several important 


exposure media and exposure parameters. Limitations in available data and exposure parameter values 


for synthetic turf field exposure scenarios result in uncertainties in the accuracy of the point estimates. 


The ability to interpret modeled exposures for exposure and risk assessments is limited by the lack of a 


more complete understanding of the distribution of exposures for people using synthetic turf fields with 


tire crumb rubber infill. 


2.4.4 Other Limitations 


The research described in this report was exclusively aimed at synthetic turf fields with recycled tire 


crumb rubber infill. While it may be desirable for reasons noted below to include other types of fields, it 


was beyond the scope of this study to investigate other types of fields (e.g., natural grass, synthetic fields 


with natural product infill, or synthetic fields with ethylene propylene diene terpolymer [EPDM] or 


thermoplastic elastomer [TPE] infill). It was also beyond the scope of this study to evaluate the use of 


recycled tire crumb rubber as a soil amendment or natural grass top dressing. While there is concern 
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about chemical exposures resulting from the use of recycled tire and other materials in synthetic fields, it 


is important to recognize that some of the chemicals are present in other types of fields, including 


natural grass fields. For example, metals (including lead) and PAHs (including benzo[a]pyrene) of 


concern at synthetic turf fields with tire crumb rubber infill are also often found in surface soil in the 


United States and may be present at natural grass playing fields. Insecticides and herbicides may be used 


on some natural grass fields, leading to exposures that may not be experienced by synthetic turf field 


users. Because many recreational and sports field users usually spend time on both natural grass and 


synthetic fields (either concurrently or during different life stages), characterization of chemical and 


microbiological agents at all relevant field types and an understanding of relative exposures across the 


different field types would be needed for risk assessment and epidemiological investigations. 


The study did not address potential heat exposure and injury concerns for athletes on synthetic turf 


fields. In the dermal measurements performed as part of the exposure characterization study, it would 


have been ideal to collect both pre- and post-activity samples; however, given the time and complexity 


for collecting wipe samples and the participant time needed, we judged the participant burden too large 


in the current assessment and prioritized the pre-activity time available with participants towards urine 


and blood sample collection for the pilot-scale biomonitoring study.7 


2.5 Future Research Recommendations 


While this study added considerable new information for better understanding tire crumb rubber to 


inform exposures to chemical substances associated with tire crumb rubber material and microbes at 


synthetic turf fields, additional research could be performed to further inform and improve future 


exposure and risk assessments. 


• Given the complex nature of tire crumb, it is not unexpected that many chemicals were 


observed during characterization testing. The ability to resolve which, if any, of those that 


were tentatively identified are relevant for further evaluation is further complicated by the 


potential dearth of toxicity information. Approaches for whole material toxicity testing, 


such as those used by the National Toxicology Program, could be further developed and 


applied for assessing potential effects of the material. 


• Results in this study and other studies suggest that exposures to chemicals associated 


with recycled tire crumb rubber infill are likely to be higher for users of indoor synthetic 


turf fields as compared to users of outdoor fields. Exposures at indoor facilities may 


represent the highest exposure scenarios, based on the higher levels of many organic 


chemicals observed in indoor tire crumb rubber infill (in the absence of weathering and 


other mechanisms thought to lower the concentration of these chemicals over time) and 


reduced ventilation rates, which can lead to higher air concentrations. Future studies 


might be directed at collection of more air and exposure measurements at indoor 


facilities. 


• Exposure modeling approaches have been applied in other studies for exposure 


estimation and were examined in this study for the inhalation, dermal and ingestion 


exposure pathways. There is a lack of parameter value data for some key model 


parameters for synthetic field users, however. For example, the amounts of tire crumb 


rubber and field dust that adhere to the skin and the amounts of tire crumb rubber and 


field dust that are ingested are not currently available. Future work could be aimed at 


7 See Appendix A for the supplemental biomonitoring study. 
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improving exposure pathway models and cumulative exposure assessment methods for 


synthetic turf field exposure scenarios. 


• The exposure pilot study provided field and personal measurement results for a small 


number of youth and adults engaged in athletic activities at synthetic turf fields. Building 


off methods developed and tested in this and other studies, future larger studies could be 


performed to collect additional exposure measurement data. Research aimed at certain 


sports positions (e.g., soccer goalies and football running backs) and indoor turf field 


users could provide insight into exposures for some of the athletes potentially facing the 


greatest exposures. More studies could also be performed for young child bystanders and 


field installation and maintenance workers. 


• Sample collection methods and questionnaire data collection methods applied in this 


study could be considered for use in future epidemiological investigations, should it be 


determined that such investigations are warranted. 


2.6 Conclusions 


This part of the Tire Crumb Research Study report communicates the research objectives, methods, 


results and findings for the exposure characterization and fill specific gaps about potential human 


exposures to the chemicals found in the tire crumb rubber material while using synthetic turf fields. A 


range of chemicals was found in air, field surface, field dust, and in dermal exposure media, including 


metals and organic chemicals. Exposures may be higher for people using indoor synthetic turf fields 


than outdoor fields. 


In general, the findings from the entire synthetic turf field portion of the FRAP activities (both the Tire 


Crumb Characterization Part 1 and the Tire Crumb Exposure Characterization Part 2 combined) support 


the conclusion that although chemicals are present (as expected) in the tire crumb rubber and exposures 


can occur, they are likely limited; for example: 


• Generally, only small amounts of most organic chemicals are released from tire crumb rubber 


into the air through emissions. For many analytes measured during active play at the outdoor 


fields, next-to-field concentrations in air were not different than background samples while 


others were somewhat higher. 


• For metals, only small fractions are released from tire crumb rubber into simulated biological 


fluids (average mean about 3% for gastric fluid and <1% for saliva and sweat plus sebum) 


compared to a default assumption of 100% bioaccessibility. 


• In the biomonitoring pilot study, concentrations for metals measured in blood were similar to 


those in the general population. 


• No differences in PAH metabolites in urine were observed in the supplemental biomonitoring 


study between study participants using natural grass and those on synthetic turf fields with tire 


crumb rubber infill. 
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Risk is a function of both hazard (toxicity) and exposure. Understanding what is present in the material 


(Part 1 Report) and how individuals are potentially exposed (Part 2 Report) is critical to understanding 


potential risk. It is important to note that the study activities completed as part of this multi-agency 


research effort were not designed, and are not sufficient by themselves, to directly answer questions 


about potential health risks. Other studies may aid in this regard. 


Overall, we anticipate that the results from this multi-agency research effort will be useful to the public 


and interested stakeholders for understanding the potential for human exposure to chemicals associated 


with recycled tire crumb rubber infill material used on synthetic turf fields. 
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3.1 Overall Research Design 


As described in the Federal Research Action Plan (U.S. EPA, CDC/ATSDR, and CPSC, 2016a) and in 


the Research Protocol, Collections Related to Synthetic Turf Fields with Crumb Rubber Infill (U.S. EPA 


and CDC/ATSDR, 2016), this portion of the research was a pilot-scale effort aimed at providing 


information and data for characterizing exposures to chemical constituents for users of synthetic turf 


fields with tire crumb rubber infill. A goal was to recruit participants from among those thought to be in 


one or more higher-exposure scenarios based on the frequency and duration of synthetic turf field use, as 


well as specific activities that may be involved in higher levels of contact with synthetic turf field 


materials including tire crumb rubber. There were two primary components in the exposure 


characterization research: a) information collection from synthetic turf field users on human activity 


parameters that may affect potential exposures to tire crumb rubber constituents, and b) human exposure 


measurement study to further develop and deploy appropriate sample collection methods and to generate 


data for improved exposure characterization. A schematic outline of the tire crumb rubber 


characterization research, as implemented, is shown in Figure 3-1. 


Several different age groups were included in the exposure characterization pilot study, including adults 


(≥ 18 years old), adolescents (13 to 17 years old), youth (10 to 12 years old), and children (7 to 9 years 


old). The research design goals included recruitment and participation via questionnaire, exposure 


measurement, and videographic data collections. 


Human activity data collection included the use of questionnaires administered to adult and adolescent 


(or the parents of youth and child) study participants who used synthetic turf fields with tire crumb 


rubber infill and videography of users engaged in activities on synthetic turf fields. Information was 


collected to provide data about relevant parameters for characterizing and improved modeling of 


exposures associated with the use of synthetic turf fields. In addition to answering the questionnaire, 


video data collection was performed for a subset of participants during a physical activity on a synthetic 


turf field to provide information about exposure-related contact rates and activity levels. Publicly-


available videography of users engaged in activities on synthetic fields was also used to provide 


objective assessment of contact rates and activity types, which are difficult to capture consistently using 


questionnaires. A subset of the participants that provided questionnaire responses were asked to 


participate in an exposure measurement pilot study. 


Exposure measurement activities included sample collection and analysis and metadata collection to 


help inform exposure measurement interpretation. As part of a pilot-scale biomonitoring study, a set of 


personal, biological, and field environment samples were collected around a sport or training activity 


performed on a synthetic turf field.8 Personal and environmental samples were analyzed for the metal, 


VOC, and SVOC analytes described in Tables 3-1 through 3-3. 


8 See Appendix A for the supplemental biomonitoring study. 
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The exposure characterization research activities are summarized in Table 3-1. 


Figure 3-1. Pilot exposure characterization research schematic overview. 
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Table 3-1. Exposure Characterization Research Areas and Specific Research Activities 
Research Area Research Activities 


Exposure Characterization Pilot 


Study for Youth and Adults 


Athletes Using Synthetic Turf 


Fields with Tire Crumb Rubber 


Infill 


Recruiting youth and adult participants for sample and data collection around 


their usual sport activities at synthetic turf fields 


Using questionnaire data collection to obtain data for field use duration and 


frequency of use, activity patterns on fields, and hygiene to improve exposure 


scenario development and exposure modeling for youth and adult athletes using 


synthetic turf fields 


Using video data from online sources and participant video data collection 


approaches to provide data for contact types and frequencies, and activity levels 


for improving exposure modeling for youth and adult athletes using synthetic 


turf fields 


Performing measurements to provide additional data on particles, metals, 


SVOCs, and VOCs in the air at synthetic turf fields during periods of activity on 


the field and during warm to hot ambient air conditions for assessing exposure 


through the inhalation pathway 


Developing methods and providing data on inorganic and organic chemicals on 


field surfaces, in field dust, and on athlete skin to better understand and estimate 


both child and adult exposures, particularly for the dermal and ingestion 


exposure pathways 


Developing, applying, and assessing methods and approaches for personal air 


sample collection 


As part of a pilot-scale biomonitoring study, collecting and analyzing blood and 


urine samples for measurement of selected metals and PAH biomarkers before 


and after the monitored participant sport activities at synthetic turf fields 


Assessing silicone wristbands as potential sampling devices for future use in 


field air and personal sampling assessments of exposure at synthetic turf fields 


Applying and assessing exposure pathway models to examine differences in 


exposure levels across pathways, and to identify where lack of data (or lack of 


robust data) may be limiting accuracy and/or resulting in potentially large 


uncertainties in exposure estimation for synthetic turf field users (see section 5) 


Supplemental Biomonitoring Study Expanding upon the FRAP’s pilot-scale effort by including a larger sample size 


of synthetic turf with recycled tire crumb rubber infill users and a comparison 


group of natural grass field users 


Examining potential assocaitions with pre- and post-activity urinary PAH 


biomarker concerntrations with field type 


Comparing study participants’ urinary PAH concentrations to those found in the 


noninstitutionalized general U.S. population 


A pre-pilot test of sample collection and videography standard operating procedures (SOPs) and the 


overall plan for sample collection at synthetic turf fields was conducted in June 2017. Based on this 


testing, the SOPs and overall sampling plan were modified prior to initiating the exposure 


characterization sampling in September 2017; exposure characterization SOPs are provided in Appendix 


C. Many of the modifications that were made were aimed at reducing sample deployment and collection 


times at fields because a) the amount of time available at a field before and after the monitored 


participant activities was likely to be limited in some settings, and b) the time to interact with 


participants for multiple sample/data collection procedures before and after their monitored activity was 


likely to be highly constrained. These anticipated time constraints were, in fact, realized during the 


research study, and the focus on time efficiency in sampling methods and strategies was essential. 
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Exposure pathway modeling was performed for adult and child athletes using synthetic turf fields with 


tire crumb rubber infill, first using data available from the literature and then again with data collected in 


this study. Six chemicals associated with synthetic turf fields and tire crumb rubber were selected for 


exposure pathway modeling. They were selected to provide a range of physical and chemical properties 


and because of the availability of previous measurement data. Adult and child pathway-specific 


exposure estimates were calculated for each of the six chemical substances and were compared to 


identify the predominant pathway for each chemical substance. Subsequent to the modeling of tire 


crumb-related exposures using previously existing and newly acquired measurement data, daily intakes 


of four of the chemicals were also estimated using available dietary and residential “background” 


concentrations to provide perspective on the relative magnitude of the crumb-related exposure estimates. 


3.2 Exposure Measurement Pilot Study Recruiting and Questionnaire Methods 


3.2.1 Participant Recruiting 


Recruitment for the exposure characterization pilot study was initiated August 28, 2017 and ended on 


October 4, 2017. Researchers aimed to recruit and obtain consent from 60 participants for the exposure 


characterization study and 45 participants for the exposure measurements sub-study, including 24 


participants to be videotaped during play/athletics. The goal was to have participants from six fields, 


including at least one field in each of the four U.S. census regions; however, if the researchers were 


unable to obtain that geographic distribution, no geographic restrictions would be placed on participant 


recruitment. The target population for the exposure characterization study and exposure measurements 


sub-study was defined as children and adults (≥ 7 years of age) who played sports on community 


synthetic turf fields with tire crumb rubber infill in the previous year. There were no restrictions on time 


of play in the previous year or type of sport (e.g., baseball). Researchers aimed to have a variety of 


athletes consent to participate in the studies, including: professional athletes, college athletes (≥18), 


adolescents (ages 13–17), youth (ages 10–12), and children (ages 7–9). 


Initially, the research team reached out to synthetic turf fields who participated in the tire crumb 


characterization study and who consented to allow for recruitment of players at their facilities. Due to 


scheduling issues and other factors, only three fields in two U.S. census regions were available for 


participant recruitment during the study time frame, specifically one indoor field and two outdoor fields. 


The research team received practice schedule information prior to the field visits and reached out to 


sports organizations scheduled for field use during the planned recruitment and sampling weeks to 


discuss the project and provide outreach materials. 


Recruitment was conducted Monday through Thursday, immediately prior to, during, and after field 


activities. Prior to practice, research team members endeavored to meet and discuss the project with 


team coaches; however, this was not always possible. Researchers approached either players (≥18) or 


their parents/guardians (<18) to determine interest in participating in the study. At the time of initial 


contact, researchers provided a fact sheet and, if requested, a copy of the consent forms. If 


parents/guardians or players were interested in participating, an eligibility screening questionnaire was 


administered. Once eligibility was confirmed, parents/guardians or the participant were given a consent 


form. If desired, the research team reviewed the consent form with the individual and answered any 


questions. Participants were given the option to consent to the following study schemes: 1. Field use 


questionnaire only; 2. Field use questionnaire and exposure measurements sub-study; or 3. Field use 


questionnaire, exposure measurements sub-study, and videography. For the pilot-scale biomonitoring 


study, participants were also allowed to decline collection of biological samples. Signed consent was 


obtained from adult participants and from parents or guardians of participants <18 years of age; 


participants <18 years of age were required to provide signed assent forms, as well. 
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3.2.2 Field User Questionnaire Administration 


After confirming eligibility to participate in the interview and receiving signed consent/assent forms, 


exposure study participants were given contact information and an appointment time for the 


questionnaire to be administered (usually before or after field activities). The questionnaire was 


administered by a research team member in person at the sampled facility site and lasted approximately 


30 minutes. For participants younger than 13 years of age (i.e., youth and children), the questionnaire 


was administered to a parent or guardian, as outlined in the protocol. Slightly different questionnaire 


versions were used for administration directly to a participant and administration to a participant parent 


or guardian; the questionnaires are available in Appendix D. Double data entry occurred, as a hard copy 


of the questionnaire was used at the facility and later entered into an Epi Info™ 7.2 database (CDC, 


2017). After completion of the questionnaire, the participant was given contact information for any 


further questions, as well as a token of appreciation. 


3.3 Exposure Pilot Study Sample Collection Methods 


3.3.1 Field Environment Samples 


Researchers collected field environment samples that included field and off-field (background) air 


samples, field surface wipe samples, drag sled samples, and dust samples. Researchers used specified 


sampling locations for rectangular (soccer and football) synthetic turf fields (Figure 3-2), although air 


sampling locations varied with wind direction. Standard operating procedures were prepared for each 


sample collection method; the SOPs are provided in Appendix C. Air samples were collected during the 


time periods in which participant athletic activities occurred. Field surface wipe, drag sled, and dust 


sample collections were performed at these fields when there were no athletic activities on the field. 


Target analytes for metals, VOCs, and SVOCs were the same as those described in Tables 3-1, 3-2, and 


3-3 in the Tire Crumb Characterization Report (U.S. EPA & CDC/ATSDR, 2019); however, mercury 


was not included as a target analyte for field environment samples. 


Figure 3-2. Sample collection locations for field air, surface wipe, drag sled, and dust samples. 


Collection locations for air samplers were dependent on wind direction. 
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3.3.1.1 Field Air Samples 


Field air samples were collected while participants engaged in athletic activities on synthetic turf fields. 


Samples were collected for particulate, metals, VOC and SVOC analysis. A total of three air samples 


were collected simultaneously at each synthetic turf field (Figure 3-2). Air samples were collected from 


two points at each synthetic field, preferably downwind and as close as possible to where activities 


occurred without posing an obstruction or safety hazard. A third sample was collected upwind and at a 


sufficient distance from the field to represent background. In the case of indoor fields, the background 


sample was collected outside of the facility building and in an upwind direction. Air sampler inlets were 


located 1 meter above the field or ground surface. Figure 3-3 shows the co-located particulate/metals, 


VOC, and SVOC air samplers deployed at a soccer field. It was anticipated that sample collection 


durations would be approximately two to three hours in order to represent an exposure period that 


included participant time spent at the field prior to an athletic activity, during the athletic activity period 


(ranging up to two hours), and a short time spent at the field following the athletic activity. The actual 


sampling period reflected the duration of the monitored participants’ activity at the synthetic turf field. 


Figure 3-3. Typical field air sampling station setup (photo taken during pre-pilot 


testing), including particulate/metal, semivolatile organic compound (SVOc), active 


volatile organic compound (VOC), and passive VOC samplers. 


This configuration shows duplicate sample collection for each sample type. 


Field Air Samples for Particulates and Metals - Air samples were collected for total suspended 


particulate (TSP) and metals analysis. A typical TSP/metals field air sampling set up is shown in Figure 


3-4. 
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Figure 3-4. Total suspended particulate/metals field air sampling setup, showing deployed 


A) batteries and pumps and B) filter-containing sampling heads. This configuration shows 


duplicate sample collection. 


Samples for TSP and metals analysis were collected at a nominal flow rate of 20 L/min using metered, 


direct current-supplied AirChek™ HV30 active samplers (SKC, Inc., Eighty Four, PA, USA), without 


size-selective impactor inlets, to enable mass loading on pre-weighed 37-mm Pallflex Teflo membrane 


disk filters (Pall Corporation, Port Washington, NY, USA). Sampler flow rates were measured and 


recorded, along with the start and stop times at the beginning and completion of the sampling period. At 


the conclusion of the sampling event, filter samples were recovered and returned to the laboratory under 


ambient temperatures. 


Field Air Samples for VOCs - Two types of VOC air sampling methods were employed at the synthetic 


turf fields. The first sampling approach employed RadielloTM passive/diffusive samplers containing 


Carbopack™ X sorbent, (Sigma-Aldrich, Saint Louis, MO, USA). The RadielloTM samplers were 


selected due to their relatively high effective sampling rates, which was anticipated to provide improved 


limits of detection for short duration sampling events. The on-field use of the RadielloTM passive 


samplers was performed to provide comparability to the personal sample collection approach (also using 


RadielloTM samplers) and to reduce the amount of equipment and set-up time for sample collection. The 


second sampling approach employed an active pumping system and Carbopack™ X fenceline monitor 
(FLM) tubes (Sigma-Aldrich, Saint Louis, MO, USA). This active VOC sampler was used to help better 


understand the performance of the RadielloTM samplers and to provide measurements using a more 


standard approach. A typical set up for passive and active sampling of field air for VOCs is shown in 


Figure 3-5. 
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Figure 3-5. Volatile organic compound field air sampling setup, showing A) Pump 


and passive and active air samplers in deployed configuration, with close-up of B) 


active Carbopack™ X fenceline monitor sampler and C) passive Radiello™ sampler. 


Active sampler flow rates were measured and recorded at the start and completion of the sampling 


period. Passive samplers were removed from their storage containers to start sampling and returned to 


the storage containers immediately at the end of the sampling period. All sampling start and stop times 


were recorded. At the conclusion of the sampling event, filter samples were recovered, stored in sealed 


transportation containers, and returned to the laboratory. Following receipt at the laboratory, samples 


were stored at 6 °C until analysis. 


Field Air Samples for SVOCs - SVOCs include many chemical analytes, with large ranges of vapor 


pressures and physical and chemical properties. Some SVOCs with higher vapor pressures are found 


primarily in the vapor phase in air, while SVOCs with lower vapor pressures are typically found on 


airborne particles. In this study, air samples were collected for SVOC analysis without a size-selective 


particle inlet to allow both vapor- and particle-phase SVOCs to be collected simultaneously. Separate 


particle- and gas-phase air concentrations were not measured. A medium-volume sample collection rate 


(20 L/min) was selected, instead of a high-volume collection rate, due to the need for portability (i.e., the 


ability to be deployed around the country), the need to minimize the footprint of equipment next to fields 


with sports activities, the limited time available for setting up and taking down equipment, and the 


uncertainty surrounding the availability of electrical power needed for high-volume sampling. 


Calculations made from previously reported field measurements suggested that approximately 3- to 5-m3 


samples would provide adequate detection limits for important tire crumb constituents, such as pyrene 


and benzothiazole. 


Samples were collected on solvent pre-cleaned open-cell 22-mm × 7.6-cm polyurethane foam (PUF) 


filters placed in clean 30-mm × 70-mm tubes. The typical equipment used for field air sampling for 


SVOCs is shown in Figure 3-6. 


Samples were collected at a nominal flow rate of 20 L/min using metered, direct-current-supplied 


AirChek™ HV30 active samplers (SKC, Inc., Eighty Four, PA, USA). Sampler flow rates were 


measured and recorded, along with the start and stop times at the beginning and completion of the 


sampling period. At the conclusion of the sampling event, filter samples were recovered, stored in a 


cooler with ice packs, and returned to the laboratory on frozen ice packs. Following receipt at the 


laboratory, samples were stored at -20 °C until extraction. 
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Figure 3-6. Semivolatile organic compound field air sampling setup, with A) batteries and pumps and 


B) filter-containing sampler. The pump/battery configuration shows duplicate sample collection. 


3.3.1.2 Field Surface Samples – Surface Wipe and Drag Sled Samples 


Field surface samples were collected for metals analysis using a water-wetted wipe and for SVOC 


analysis using two methods – an isopropanol-wetted wipe and a drag sled. Samples were collected from 


the field at times when it was safe to do so without posing an obstruction or safety hazard for any 


activities occurring on the field. Sample collection time was not critical for these samples; the samples 


were collected at a convenient time during the overall exposure measurement activities at each field. 


Field surface wipe samples and drag sled samples were collected at each field (Figure 3-2, locations S1, 


S2 and S5), 


Surface Wipe Samples for Metals - Surface wipe samples for metals analysis were collected at synthetic 


turf field sites using a GhostWipe wet (water) wipe (Environmental Express, Inc., Catalogue No. 


SC4210, Charleston, SC, USA) conforming to American Society for Testing and Materials (ASTM) 


E1792 (ASTM International 2016a) specifications. A total of three surface wipe samples were collected 


at each field (Figure 3-2, locations S1, S2 and S5). No background (off-field) surface wipe sample were 


collected. 


Samples were collected following ASTM E1728 (ASTM International 2016b), a standard wet-wipe 


method for collecting dust from indoor floor surfaces using water as the wetting agent. A 30-cm × 30-


cm (approximately 1-ft2) template was placed on the surface of the field. Using clean, powderless nitrile 


gloves, the field sampling technician removed the wet wipe from the foil packet (Figure 3-7A). Using 


one side of the wipe, the turf surface was wiped in a S- or Z-shaped pattern within the template area 


(Figure 3-7B). After folding the wipe in half to get a fresh wipe surface, the area was wiped again in a S-


or Z-shaped pattern perpendicular to the first wipe pattern (Figure 3-7C). The wipe was then folded in 


half again and the edges near the interior portion of the template were wiped. Plastic forceps were used 


to remove full-size tire crumb rubber infill granules, synthetic grass blades, and other large debris or 


litter from the wipe (Figure 3-7D). The wipe was then folded and placed in a pre-cleaned 50-mL 


polyethylene tube (Environmental Express, Inc., Catalogue No. SC475, Charleston, SC, USA) for 


storage. The tube was tightly capped and transported at ambient temperature or lower to the laboratory. 
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Figure 3-7. Field surface wipe sampling for metals analysis. Blades and debris 


were removed from samples prior to placing wipes in storage tubes. 


Surface Wipe Samples for SVOCs - Wetted surface wipe samples for SVOC analysis were collected at 


synthetic turf field sites using a 10.2-cm × 10.2-cm Texwipe® TX304 cotton wipe (Texwipe, 


Kernersville, NC, USA) that was cleaned by pre-extraction, using a series of solvents including acetone 


and hexane, prior to use. A total of three SVOC surface wipe samples were collected at each field 


(Figure 3-2, locations S1, S2 and S5). SVOC surface wipe samples were collected from a different area 


at these locations than that used for metals surface wipe sample collection. No background (off-field) 


surface wipe samples were collected. 


Using clean Silver Shield® gloves (Siebe North, Inc., North Charleston, SC, USA), the field sampling 


technician removed the cotton wipe, which had been pre-wetted in the laboratory with 3 mL of 1:1 


deionized water:isopropanol, from its glass storage jar (Figure 3-8A). (Note: Silver Shield® gloves were 


used after tests showed potential contamination of wipe material with phthalates, when nitrile gloves 


were used). A 30-cm × 30-cm (approximately 1-ft2) template was placed on the surface of the field. 


Using one side of the wipe, the turf surface was wiped in a S- or Z-shaped pattern within the template 


area (Figure 3-8B). After folding the wipe in half to get a fresh wipe surface, the area was wiped again 


in a S- or Z-shaped pattern perpendicular to the first wipe pattern. The wipe was then folded in half 


again and the edges near the interior portion of the template were wiped. Stainless steel forceps were 


used to remove full size tire crumb rubber infill granules, synthetic grass blades, and other large debris 


or litter from the wipe (Figure 3-8C, D). The wipe was then folded and placed in a pre-cleaned 60-mL 


amber wide-mouth glass jar. The bottle was tightly capped and transported on frozen ice packs to the 


laboratory, where the samples were placed in a freezer at -20 °C. 
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Figure 3-8. Field surface wipe sampling for semivolatile organic compound 


analysis. Blades and debris were removed from samples prior to placing wipes 


in storage jars. (Note: This figure shows the use of nitrile gloves. Silver Shield® 


gloves were worn during actual sample collections to reduce phthalate contamination 


of samples. Also, amber glass jars were used during study.) 


Surface Drag Sled Samples for SVOCs - Surface drag sled samples for SVOC analysis were collected at 


synthetic turf field sites using a dry 30.5 cm × 30.5 cm Texwipe® TX312 cotton wipe (Texwipe, 


Kernersville, NC, USA) that was cleaned by pre-extraction, using a series of solvents including acetone 


and hexane, prior to use. The drag sled method provided a standardized approach for collecting 


dislodgeable residues from field surfaces in a way that might mimic potential transfers to field users’ 


skin or clothing. The drag sled method was also likely to be less susceptible to operator variability with 


regard to applied pressure. A total of three SVOC drag sled samples were collected at each field (Figure 


3-2, locations S1, S2 and S5). Drag sled samples were collected from a different area at these locations 


than that used for metals and SVOC wipe sample collection. No background (off-field) drag sled 


samples were collected. 


Using clean, Silver Shield® gloves (Siebe North, Inc., North Charleston, SC, USA), the field sampling 


technician removed the dry cotton wipe from its storage container and clamped it to a custom-built wipe 


sampling drag sled device. The device had a 10-kg aluminum block, 25.4 cm × 25.4 cm × 5.1 cm in size, 


with clamps on two sides for securing the wipe, and an attached handle for pushing the device. The wipe 


was secured so that the 645-cm2 bottom face of the block was completely covered by the wipe. Using a 


tape measure, a 5-m × 1-m (5-m2) area was marked on the synthetic turf field (Figure 3-9A). Starting in 


one corner, the sled was pushed down and back over the same area. The sled was then moved over one 


sled width, and the next pass was made to push the sled down and back over the length of the tape 


measure (Figure 3-9B). This was repeated so that the entire 5-m2 sampling area was wiped with a down 


and back pass. Large tire crumb granules were removed with stainless steel forceps from the wipe face 


that contacted the field, and synthetic grass blades, and other large debris or litter on the sides of the 


wipe that did not contact the field were removed to the extent possible (Figure 3-9C, D). The wipe was 


then folded and placed in a clean 500-mL amber wide-mouth glass storage bottle with a Teflon™-lined 
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cap. The bottle was tightly capped and transported on frozen ice packs to the laboratory, where the 


samples were placed in a freezer at -20 °C. 


A B 


C D 


Figure 3-9. Drag sled sampling for semivolatile organic compound analysis. 


3.3.1.3 Field Dust Samples 


Dermal contact, inhalation, and ingestion of dust at synthetic turf fields may represent important 


pathways of exposure to chemicals associated with tire crumb rubber, other synthetic field materials, and 


environmental dust deposited on the field. Although dust may be an important synthetic turf field 


medium for all three exposure pathways, there are no standard methods for collecting dust from 


synthetic turf fields with tire crumb rubber infill. Several vacuum methods that have been previously 


used for dust collection in residential environments were tested. However, problems were encountered 


with each of these methods, (e.g., entrainment of tire crumb rubber granules, excessive moisture 


removal, collection of sand material from deep layers, and collection of organic materials and debris), 


which precluded their use in this study. Based on experience gained during the particle size analyses 


conducted as part of the tire crumb rubber characterization, a sieving method was tested for obtaining 


sufficient dust for metals and SVOC analyses. The sieving method was judged to be successful and was 


applied in the exposure measurement study to collect dust at the study fields. 


Dust samples for SVOCs and metals analysis were collected at synthetic turf fields by on-field sieving 


of bulk dust collected as a composite from three locations on the field, using a 120 mesh (150-µM) 


stainless steel sieve. Samples were collected at locations S1, S2 and S5 (Figure 3-2) by successive 


collection and sieving of tire crumb rubber at each location. Plastic spatulas were used to collect tire 


crumb rubber from the top approximately 3 cm of the field (Figure 3-10A). The sieve was filled 


approximately half-full at each location (Figure 3-10B); this is approximately 600 mL (or approximately 


340 g) of tire crumb rubber. The total amount sieved at each field was approximately 1800 mL (or 


approximately 1020 g). The sieve lid was placed on the sieve, and vigorous shaking was performed for 


at least 3 minutes (Figure 3-10C). After sieving at each of the three locations, the combined dust was 


brushed through a clean funnel and into a pre-cleaned 50-mL polyethylene tube for metals analysis. The 
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amount of dust collected was visually compared to tubes containing 200, 300, and 400 mg of house dust 


to ensure a sufficient amount was collected for metals analysis. The sample collection and sieving 


process was then repeated, with the dust deposited into pre-cleaned 40-mL amber glass vials for SVOC 


analysis. The amount of dust collected was visually compared to tubes containing 200, 300, and 400 mg 


of house dust to ensure a sufficient amount was collected for SVOC analysis. SVOC dust samples were 


placed into a cooler with frozen ice packs at the field, stored cold, and shipped to the laboratory on 


frozen ice packs. SVOC dust samples were stored at -20 °C once at the laboratory. Metals dust samples 


were stored and shipped along with the SVOC dust samples. No background (off-field) dust samples 


were collected. 


A B 


C D 


Figure 3-10. Dust sampling for metals and semivolatile organic compound analysis 


using a sieve method. (Note: This figure shows the use of a glass bottle. Dust was 


placed in a pre-cleaned 50-mL polyethylene tube for metals analysis and in a pre-


cleaned 40-mL amber glass vial for SVOC analysis.) 


3.3.2 Personal Samples 


Personal sampling included collection of air samples and dermal (skin) wipe samples for exposure 


characterization study participants. 


3.3.2.1 Personal Air Samples 


Personal sampling for VOCs was performed using Radiello™ passive/diffusive samplers containing 


Carbopack™ X sorbent (Sigma-Aldrich, Saint Louis, MO, USA) attached to participants engaged in a 


sports activity on a synthetic turf field with tire crumb rubber infill. It was anticipated that sample 


collection durations would be approximately two to three hours in order to represent an exposure period 


that included participant time spent at the field prior to an athletic activity, during the athletic activity 


period (ranging up to two hours), and a short time spent at the field following the athletic activity. The 


actual sampling time reflected the duration of the monitored participant’s activity at the synthetic turf 
field. 
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Passive samplers were removed from their storage containers to start sampling and were returned to the 


storage containers as soon as possible after the end of the sampling period. The samplers were attached 


to the back upper part of a pinnie that participants wore during their activity (Figure 3-11). This position, 


although not directly in the breathing zone, was selected to minimize interference with participant 


activities and potential for damage during contact with other athletes or the ground. The sample holder 


was attached to the pinnie at three points including the top clip and two Velcro fasteners at the bottom 


corners. All pinnies were laundered prior to initial participant use and between uses. All sampling start 


and stop times were recorded. At the conclusion of the sampling event, passive samples were recovered, 


stored in sealed transportation containers, and returned to the laboratory. Following receipt at the 


laboratory, samples were stored at -20 °C until analysis. 


A B 


Figure 3-11. Personal air passive sampling for volatile organic compounds, showing 


A) placement on the participant’s pinnie and B) a close-up of the air sampler. (Note: 


This figure is a demonstration, showing sampler placement on a person that was not a 


study participant). 


3.3.2.2 Dermal Wipe Samples 


Dermal Wipe Samples for Metals Analysis - Three dermal wipe samples were collected for metals 


analysis from each participant in the exposure characterization study, following an on-field sports 


activity. One wipe sample was collected from the participant’s hand, the second wipe sample was 


collected from a defined area of the forearm, and the third wipe sample was collected from the leg 


(either calf or thigh depending on which area had more exposed skin area during the sports activity); 


dermal samples for metals analysis were all collected from the left side of the participant’s body. All 


dermal wipe samples for metal analysis were collected using a GhostWipe wet (water) wipe 


(Environmental Express, Inc., Catalogue No. SC4210, Charleston, SC, USA) conforming to ASTM 


E1792 (ASTM International 2016a) specifications. (Note: This is the same wipe material used for 


collecting field surface wipe samples for metals analysis.) When sampling of the hand, arm, or leg was 


complete, the wipe was folded with the exposed (contacted) surface on the inside and placed into a pre-


cleaned 50-mL polyethylene tube (Environmental Express, Inc., Catalogue No. SC475, Charleston, SC, 


USA) for storage and shipment to the laboratory. 


Using clean, powderless nitrile gloves, the field sampling technician removed a Ghost Wipe wet wipe 


from the foil packet and unfolded the wipe to its full dimensions. With moderately-firm pressure, the 


technician wiped the participant’s left hand with the wipe, including the back, front, and sides of the 


hand, fingers, and thumb (Figure 3-12A). The wipe was folded with the exposed (contacted) surface on 


the inside and placed into a pre-cleaned 50-mL polyethylene tube. The tube was tightly capped and 


transported at ambient temperature or lower to the laboratory. 
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Figure 3-12. Dermal sampling on A) hand and B) arm. Leg sampling not shown. 


(Note: This figure is a demonstration showing dermal wipe sampling on a person 


that was not a research study participant. In this study, dermal sampling for metals 


was performed on the left hand, arm, and leg and dermal sampling for SVOCs was 


performed on the right hand, arm, and leg; right hand and arm shown in figure.). 


Using a fresh pair of clean, powderless nitrile gloves, the field sampling technician removed a Ghost 


Wipe wet wipe from the foil packet, unfolded the wipe to its full dimensions, and folded it into quarters. 


With moderately-firm pressure, the field technician wiped the bottom side of the participant’s left 


forearm over a 112-cm2 area designated using a pre-cleaned rectangular Teflon™ template (Figure 4-


12B). The wipe was folded again, with the exposed (contacted) surface now on the inside. The forearm 


skin was wiped a second time over the same 112-cm2 area. The wipe was folded with the exposed 


(contacted) surface on the inside and placed into a pre-cleaned 50-mL polyethylene tube. The tube was 


tightly capped and transported at ambient temperature or lower to the laboratory. 


Using a fresh pair of clean, powderless nitrile gloves, the field sampling technician removed a Ghost 


Wipe wet wipe from the foil packet, unfolded the wipe to its full dimensions, then folded it into quarters. 


With moderately-firm pressure, the field technician wiped the outer facing side of the participant’s left 


calf or lower thigh (whichever had more exposed skin) over a 112-cm2 area designated using a pre-


cleaned rectangular Teflon™ template. The wipe was folded again, with the exposed (contacted) surface 


now on the inside. The leg skin was wiped a second time over the same 112-cm2 area. The wipe was 


folded with the exposed (contacted) surface on the inside and placed into a pre-cleaned 50-mL 


polyethylene tube for storage. The tube was tightly capped and transported at ambient temperature or 


lower to the laboratory. 


Dermal Wipe Samples for SVOC Analysis – Three dermal wipe samples were collected for SVOC 


analysis from each participant in the exposure characterization study, following an on-field sports 


activity. One wipe sample was collected from the participant’s hand, the second wipe sample was 


collected from a defined area of the forearm, and the third sample was collected from the leg (either calf 


or thigh depending on which are had more exposed skin area during the sports activity); dermal samples 


for SVOC analysis were collected from the right side of the participant’s body. All dermal wipe samples 


for SVOC analysis were collected using a wetted (1:1 water:isopropanol) 10.2-cm ×10.2-cm cotton 


Twill wipe (Texwipe, Kernersville, NC, USA). (Note: This is the same wipe material that was used for 


collecting field surface wipe samples for SVOC analysis.) Using clean, Silver Shield® gloves (Siebe 


North, Inc. North Charleston, SC, USA), the field sampling technician removed the pre-wetted (1:1 


water:isopropanol) wipe from its glass storage jar and unfolded it to its full dimensions. With 


moderately-firm pressure, the field technician wiped the participant’s right hand with the wipe, 


including the back, front, and sides of the hand, fingers, and thumb (Figure 3-12A). The wipe was folded 


with the exposed (contacted) surface on the inside and placed back into the glass storage jar. The jar was 
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tightly capped and transported on frozen ice packs to the laboratory, where the samples were placed in a 


freezer at -20 °C. 


Using clean, Silver Shield® gloves, the field sampling technician removed the wetted (1:1 


water:isopropanol) wipe from its glass storage jar, unfolded it to its full dimensions, then folded it into 


quarters. With moderately-firm pressure, the field technician wiped the bottom side of the participant’s 


right forearm over a 112-cm2 area designated using a pre-cleaned rectangular Teflon™ template (Figure 


3-12B). The wipe was folded again, with the exposed (contacted) surface now on the inside. The same 


112-cm2 area of the bottom side of the right forearm was wiped a second time. The wipe was then folded 


with the exposed (contacted) surface on the inside and placed back into the glass storage jar. The jar was 


tightly capped and transported on frozen ice packs to the laboratory, where the samples were placed in a 


freezer at -20 °C. 


Using clean, Silver Shield® gloves, the field sampling technician removed the wetted (1:1 water: 


isopropanol) wipe from its glass storage jar, unfolded it to its full dimensions, then folded it into 


quarters. With moderately-firm pressure, the field technician wiped the outer facing side of the right calf 


or lower thigh (whichever had more exposed skin) over a 112-cm2 area designated using a pre-cleaned 


rectangular Teflon™ template. The wipe was folded again, with the exposed (contacted) surface now on 


the inside. The outer facing side of the right calf or lower thigh was wiped a second time over the same 


112-cm2 area. The wipe was then folded with the exposed (contacted) surface on the inside and placed 


back into the glass storage jar. The jar was tightly capped and transported on frozen ice packs to the 


laboratory, where the samples were placed in a freezer at -20 °C. 


3.3.3 Biological Samples – Pilot-Scale Biomonitoring Study 


Two types of biological samples were collected in the pilot-scale biomonitoring portion of the exposure 


characterization study – urine samples and blood samples. Study participants could decline collection of 


biological samples, if they wished. 


3.3.3.1 Urine Samples 


Each participant who consented to provide urine samples was provided a sealed, sterile urine collection 


cup prior to field activity. The participant was informed to (1) not open the container until specimen 


collection and (2) to not touch the inside of the collection cup. Immediately upon collection, each 


container was placed in a biohazard bag and placed on dry ice. A second urine sample was collected 


from the same study participants post-activity, using the same sampling procedure. All specimens were 


shipped the next morning on dry ice to the National Center for Environmental Health (NCEH) Division 


of Laboratory Sciences. 


3.3.3.2 Blood Samples 


Blood Collection Procedure - Blood draws were performed on each consented participant both pre-


activity and post-activity. Prior to field activity, each participant was administered a safety questionnaire 


to confirm it was acceptable to administer the blood draw. A tourniquet was applied to the upper arm 


and a vein was selected for venipuncture. The area selected for venipuncture was cleaned with an 


alcohol pad and allowed to air dry. For children and youth, a 23-gauge (23G) butterfly needle was used 


for blood collection; for adolescents and adults, a 21G butterfly needle was used. After the vein was 


punctured, blood was collected in a 7-mL blue top tube, followed by a 4-mL ethylenediaminetetraacetic 


acid (EDTA) purple-top tube for children and youth or a 6-mL EDTA purple-top tube for adolescents 


and adults. The EDTA purple-top tube was inverted a minimum of eight times prior to placement in a 
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cooler with four freezer packs. After all tubes were filled for a participant, and the last tube had been 


removed from the needle holder, the needle was removed and pressure was applied with a gauze pad to 


the venipuncture site. The EDTA purple-top tubes were placed in a cushioned box, which was put into a 


biohazard bag and set in a cooler with a minimum of four freezer packs. The samples were shipped the 


next morning to the NCEH Division of Laboratory Sciences. 


Serum Processing Procedure - Blue-top tubes filled during blood collection were placed upright and 


allowed to clot at room temperature for a minimum of 30 minutes and a maximum of 1 hour. After 


allowing time for the blood to clot, each tube was placed in a Hettich® EBA-20 centrifuge (Hettich 


Instrument, LP, Beverly, MA, USA) set at 2400 RPM for 15 minutes. After centrifugation, a minimum 


of 1 mL of serum was transferred from the blue-top tube to a 2-mL Nalgene™ cryovial. The cryovials 


were immediately placed into a cooler with dry ice. All serum samples were shipped the next morning 


on dry ice to the NCEH Division of Laboratory Sciences. 


3.3.4 Field Meta-Data Collection 


Metadata collection was designed to record field and activity information that might be informative for 


exposure study measurement interpretation, such as: 


• ambient and field temperatures, which may be related to emissions of some chemicals 


from tire crumb rubber; 


• overall levels of activity on the field, which may influence the amount of particulate 


suspended over the field; 


• participant activity levels and durations, which may be related to contact with field 


materials and environmental media; and 


• activities or the built environment around the field, which may contribute to non-field 


related chemicals being collected on air samplers. 


Several data collection forms (Appendix E) were designed and filled out for each field and each 


participant activity to record metadata that might aid in improved understanding of exposure study 


results. Air temperature, field surface temperature, and wind speed and direction were measured at the 


beginning, middle, and end of the exposure measurement period at each field and recorded. Air 


temperatures and wind speeds were measured at a height of 1 meter above the field. Activity and facility 


information was collected using structured forms to record important information about overall activities 


at the field, participant-specific activities, and field and field operation conditions during the 


measurement period. 


3.4 Sample Analysis Methods 


3.4.1 Gravimetric Particle Size Analysis 


Gravimetric particle analysis was performed on the field air samples collected for TSP and metals 


analysis, following at least 24-hrs equilibration in an environmental weighing chamber operating under 


EPA’s Federal Reference Method (FRM) guidelines (U.S. EPA, 2017) on the EPA-Research Triangle 


Park (RTP) campus. The 37-mm Pallflex Teflo membrane disk filters were weighed to get the loaded 


(field-based) mass. This mass was compared to the original (tare) weights of the filters. After correcting 


for field blank mass change, the resulting mass difference was then used to estimate the mass density 


(µg/m3) of the suspended aerosol. The gravimetric procedure required repeated weighing of each filter 


42 







 


 


 


  


   


 


 


 


 


 


 


 


  


 


 


 


   


 


 


  


 


 


  


    


 


 


   


sample until the obtained mass was within the required 5 µg reweigh threshold. All reported values 


reflect gravimetric analyses meeting both the original and final (loaded) weighing requirements. 


3.4.2 Extraction and ICP/MS Metals Analysis 


3.4.2.1 Field Air Sample and Field Dust Sample Preparation 


Metals from particulate matter collected on Teflo membrane disk filters and field dust samples were 


extracted for high resolution inductively coupled plasma mass spectrometer (HR-ICPMS) analysis. Air 


filters were carefully placed in acid-cleaned 50-mL polypropylene conical tubes, the surface was 


covered with 200 µL of ethanol to aid solubility, and then approximately 25 mL of a mixture of 2% 


nitric acid and 0.5% hydrochloric acid (by volume) was added to ensure the filter was completely 


submerged. For the dust samples, approximately 20–60 mg of field dust and approximately 25 mL of the 


2% nitric acid and 0.5% hydrochloric acid mixture was placed in an acid-cleaned 50-mL polypropylene 


conical tube. Mass was recorded at each step. Next, the tubes were placed in a 70 °C water bath, 


sonicated for 30 minutes, and left to sit for 3 hours. After the 3-hr leach step, tubes were removed and 


left to sit at lab temperature for 10 days. Dust samples were then filtered into acid-cleaned 15-mL 


polypropylene tubes using 0.2-µm ion chromatography (IC) Millex®-LG 25-mm syringe filters 


(MilliporeSigma, Burlington, MA, USA). 


In order to estimate the metal leaching efficiency of the field dust samples, National Institute of 


Standards and Technology (NIST, Gaithersburg, MD, USA) Standard Reference Material (SRM®) 


1648a, Urban Particulate Matter, was used as a spiked sample surrogate. It is important to note that the 


collected field dust and the SRM® have many differences, including but not limited to, morphology, 


particle size, and chemical structure. However, the SRM® is a good indicator of the leaching method 


precision. 


3.4.2.2 Wipe Sample Preparation – Microwave-assisted Extraction 


A microwave-assisted extraction procedure was used to prepare wipe samples for elemental analysis. 


The entire wipe sample was placed into a 100-mL XP-1500 Plus microwave digestion vessel with 


TFM® liner (CEM Corporation, Matthews, NC, USA), and 9 mL of nitric acid and 3 mL of 


hydrochloric acid were added to the vessel. The vessel contents were gently swirled and then allowed to 


rest in a fume hood until the wipe was completely dissolved. The closed microwave digestion vessel was 
TM 


then transferred into a MARS-5 microwave system fitted with a ESP-1500 Plus pressure sensor and 


RTP-300 Plus fiber optic temperature sensor (temperature range -40–250 ºC; CEM Corporation, 


Matthews, NC, USA), where the digestion/extraction was performed at 200 °C. 


3.4.2.3 ICP/MS Analysis 


Quantitative elemental concentration measurements were carried out using an Element 2™ HR-ICPMS 


(Thermo Finnigan, Bremen, Germany). The sample introduction system consisted of in-line 


standardization prior to the PFA micro nebulizer, cyclonic quartz spray chamber, and platinum sampler 


and skimmer cones. All sample handling and analysis were performed in an Internal Organization for 


Standardization (ISO) Class 5 Clean Room (ISO 2015). The multi-element instrument method utilized 


all three resolution modes. Instrument settings and method parameters are the same as those previously 


shown in Table 3-7 in the Tire Crumb Characterization Report (U.S. EPA & CDC/ATSDR, 2019). 


External calibrations were performed with multi-element calibration standards (High-Purity Standards, 


Charleston, SC, USA). Initial calibration accuracy was performed using a secondary source multi-
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element standard (SCP Science, Champlain, NY, USA), NIST SRM® 1643f (NIST, Gaithersburg, MD, 


USA), analysis of the calibration blank, and analysis of the diluent, if necessary. Continuing calibration 


verification (CCV), continuing blank checks, and re-sampled duplicates were analyzed to verify 


accuracy and precision during the analytical sequences. Minimum reportable limits (MRL) were 


determined for each sample matrix based on a statistical representation of the continuing blank checks 


(10*standard deviation). The reportable limit for selenium was set at the lowest calibration standard, 


based on observed mass spectral peak shapes at the target isotope ranges. 


Sample matrices that were assumed to be high in total dissolved solids (e.g., GhostWipes and field dust) 


were gravimetrically-diluted by two factors (1:10 and 1:100) prior to analysis. The particulate matter 


from the field air samples (i.e., the Teflo membrane disk filters) was not diluted. Final acid content in 


the diluted samples was approximately 2% nitric acid and 0.5% hydrochloric acid (v/v). When a sample 


was analyzed at each of the dilution factors, the 100-fold (1:100) diluted sample was used for reporting 


the medium-resolution elements, which were higher in concentration. 


3.4.3 TD/GC/TOFMS Analysis of Field Air and Personal Air Samples for VOCs 


Carbopack™ X FLM and Radiello™ sorbent tube samples were received from the field and refrigerated 


at 6 ºC. The samples were removed from the refrigerator and allowed to come to room temperature prior 


to analysis. Samples were analyzed using a Unity 2™ Ultra 50:50™ thermal desorption (TD) system 
(Markes International, Inc., Gold River, CA, USA) interfaced to an Agilent 7890B gas chromatograph 


equipped with an Rxi-ms column (60 m × 0.32mm, 1 µm; Agilent Technologies, Santa Clara, CA, USA) 


and Markes International BenchTOF™ Select MSD System (Markes International, Inc., Gold River, 


CA, USA). The instrument was tuned using the AutoOpt function and was calibrated using an internal 


standard method with concentrations of target compounds in the nominal range of 0–50 ppbv per 


compound. Internal standards were manually loaded on all tubes analyzed, including calibration tube, 


QC samples, and field samples. The actual mass loading (in ng/tube) depends on the molecular weight 


of the individual compound and the loaded volume of gaseous calibration standard. For example, mass 


loadings in the nominal range of 0 to 160 ng/tube benzene and 0 to 260 ng/tube benzothiazole for the 


calibration curve. Calibration checks were run using a low-level standard between every 11 samples. 


The VOC target compounds determined using the TD/GC/TOFMS system are listed in Table 3-2 (with 


exception of formaldehyde, which was not analyzed in the exposure pilot study), and the 


TD/GC/TOFMS instrument operating parameters are shown in Table 3-2. 


MSD ChemStation Enhanced Data Analysis Software (Version E.02.02.1431, Agilent Technologies, 


Santa Clara, CA, USA) was used for peak identification/integration and combination of individual files 


into a database. This database was exported to Microsoft® Excel (Office 365, Microsoft Corporation, 


Redmond, WA, USA) for final data reduction. Quantitation was performed using quadratic curves 


generated from the relative response ratios and concentration ratios of internal standards and calibration 


standards. Inherent artifacts of target compounds found on Carbopack™ X sorbent (e.g., benzene) were 
addressed through the use of blank corrected calibration curves. Results were reported as ng/tube. In 


order to determine ng/L or µg/m3 , the total pumped volume for Carbopack™ X FLM actively-collected 


samples was used. For Carbopack™ X Radiello™ diffusively-collected samples, an effective sampling 


or uptake rate was used. 
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Table 3-2. TD/GC/TOFMS Parameters for VOC Field Exposure Sample Analysisa 


System Component Parameter Value 


Thermal Desorption System Trap TO-15/TO-17 air toxics focusing trap 


Thermal Desorption System Split Flows Inlet split – none; Outlet split – 25:1 


Gas Chromatograph Column Flow 1.5 mL/min 


Gas Chromatograph Temperature Program Initial: Set point 30 ºC, hold for 2 min 


Ramp 1: Rate 3 ºC/min to set point 69 ºC, hold 0 min 


Ramp 2: Rate 4 ºC/min to set point 141 ºC, hold 0 min 


Ramp 3: Rate 40 ºC/min to set point 240 ºC, hold 3.52 min 


Mass Selective Detector Mass Range Mass range: 35-350 mass to charge ratio (m/z) 


Mass Selective Detector Data Rate 3 Hertz (Hz) 


Mass Selective Detector Transfer Line Temperature 250 ºC; 


Mass Selective Detector Ion Source Temperature 280 ºC 


Mass Selective Detector Voltage Ionization Voltage = 70 electronvolt (eV); Filament 


voltage = 1.6 volt (V) 


Mass Selective Detector Filament Drops None 


a Thermal desorption/liquid chromatography/time-of-flight mass spectrometry (TD/LC/TOFMS) was conducted using a Unity 


2™ Ultra 50:50™ Thermal Desorption (TD) system interfaced to an Agilent 7890B gas chromatograph equipped with an 


Rxi-ms column (60 m × 0.32mm, 1 µm) and Markes International BenchTOF™ Select Mass Selective Detector System. 


VOC = Volatile organic compound 


3.4.4 Solvent Extraction and SVOC Analysis 


3.4.4.1 Air Sample SVOC Extraction 


The glass-lined sample cartridges containing the PUF plugs were stored in a freezer at approximately -


20 ºC until removed for extraction. For each sample, a 250-mL narrow-mouth glass collection bottle was 


labelled and fitted with a glass funnel. After the samples had warmed to room temperature, they were 


removed from the bag and foil and the PUF plug was transferred to an appropriately-labelled, clean 60-


mL glass jar using stainless steel forceps. The glass-lined sampling cartridge that contained the PUF 


plug was rinsed into the corresponding collection bottle with 5 mL of 1:1 acetone:hexane. Internal 


standard solution (100 µL) was then added to each sample. Each jar was filled with 50 mL of 1:1 


acetone:hexane and sealed with a PTFE-lined cap. The jars were placed in an ultrasonic cleaner with 


water level well below the level of the jar cap. The ultrasonic cleaner was then turned on for 15 minutes. 


Sample jars were removed from the cleaner and the extracts were transferred through funnels into the 


corresponding collection bottles. The funnels were rinsed with 1:1 acetone:hexane from a wash bottle 


after the extracts were added. The solvent addition, extraction and transfer was repeated two more times. 


The extracts in the bottles were then evaporated to 2–5 mL, using a parallel evaporator. The 


concentrated extracts were then transferred to a 15-mL graduated glass tube, along with two 2-mL 1:1 


acetone:hexane rinses of the collection bottle, prior to concentration to a final volume of 1 mL under 


nitrogen. The extracts were then transferred to autosampler vials for analysis. 


3.4.4.2 Field Surface Wipe Sample SVOC Extraction 


The sample jars containing the field surface wipe samples collected for SVOC analysis were stored in a 


freezer at approximately -20 ºC until removed for extraction. An effort was made to remove all synthetic 


grass from the wipes before extraction. For each sample, a 250-mL narrow-mouth glass collection bottle 


was labelled and fitted with a glass funnel. After the samples had warmed to room temperature, internal 


standard solution (100 µL) was added to each sample. After addition of internal standard, each jar was 
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filled with 50 mL of 1:1 acetone:hexane and sealed with a PTFE-lined cap. The jars were placed in an 


ultrasonic cleaner with water level well below the level of the jar cap. The ultrasonic cleaner was then 


turned on for 15 min. Sample jars were removed from the cleaner and the extracts were transferred 


through funnels into the corresponding collection bottles. The funnels were rinsed with 1:1 


acetone:hexane from a wash bottle, after the extracts were added. The solvent addition, extraction and 


transfer was repeated two more times. The extracts in the bottles were then evaporated to 2–5 mL using 


a parallel evaporator. The concentrated extracts were transferred to a 15-mL graduated glass tube, along 


with two 2-mL 1:1 acetone:hexane rinses of the collection bottle, prior to concentration to a final 


volume of 1 mL under nitrogen. The extracts were then transferred into autosampler vials, through 0.2-


µm PTFE syringe filters, in preparation for GC/MS/MS analysis. 


3.4.4.3 Drag Sled Sample SVOC Extraction 


The sample jars containing the drag sled samples collected for SVOC analysis were stored in a freezer at 


approximately -20 ºC until removed for extraction. An effort was made to remove all synthetic grass 


from the wipes before extraction, and the two side sections were left on the wipes. For each sample, a 1-


L boiling flask was labelled and fitted with a glass funnel. After the samples had warmed to room 


temperature, internal standard solution (100 µL) was added to each sample. Then each jar was filled 


with 300 mL of 1:1 acetone:hexane and sealed with a PTFE-lined cap. The jars were placed in an 


ultrasonic cleaner with water level well below the level of the jar cap. The ultrasonic cleaner was then 


turned on for 15 min. Sample jars were removed from the cleaner and the extracts were transferred 


through funnels into the corresponding boiling flasks. The funnels were rinsed with 1:1 acetone:hexane 


from a wash bottle, after the extracts were added. The solvent addition, extraction and transfer was 


repeated two more times. The extracts in the boiling flasks were then evaporated to 2–5 mL using rotary 


evaporators. The concentrated extracts were transferred to a 15-mL graduated glass tube, along with two 


2-mL 1:1 acetone:hexane rinses of the boiling flasks, prior to concentration to a final volume of 1 mL 


under nitrogen. The extracts were then transferred into autosampler vials, through 0.2-µm PTFE syringe 


filters, in preparation for GC/MS/MS analysis. 


3.4.4.4 Dermal Wipe Sample SVOC Extraction 


The sample jars containing the dermal wipe samples collected for SVOC analysis were stored in a 


freezer at approximately -20 ºC until removed for extraction. For each sample, a 250-mL narrow-mouth 


glass collection bottle was labelled, fitted with a glass funnel with glass wool, and filled with 


approximately 10 g of anhydrous sodium sulfate (Na2SO4). After the samples had warmed to room 


temperature, internal standard solution (100 µL) was added to each sample. Then each jar was filled 


with 50 mL of 1:1 acetone:hexane and sealed with a PTFE-lined cap. The jars were placed in an 


ultrasonic cleaner with the water level well below the level of the jar cap. The ultrasonic cleaner was 


then turned on for 15 min. Sample jars were removed from the cleaner and the extracts were transferred 


through funnels into the corresponding collection bottles through the funnels containing Na2SO4 for 


removal of residual water used along with isopropanol for sampling. The funnels were rinsed with 1:1 


acetone:hexane from a wash bottle, after the extracts were added. The solvent addition, extraction and 


transfer was repeated two more times. The extracts in the bottles were then evaporated to 2-5 mL using a 


parallel evaporator. The concentrated extracts were transferred to a 15-mL graduated glass tube, along 


with two 2-mL 1:1 acetone:hexane rinses of the collection bottle, prior to concentration to a final 


volume of 1 mL under nitrogen. The extracts were then transferred into autosampler vials, through 0.2-


µm PTFE syringe filters, in preparation for GC/MS/MS analysis. 
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3.4.4.5 Field Dust Sample SVOC Extraction 


The vials containing the field dust samples for SVOC analysis were stored in a freezer at approximately 


-20 ºC until removed for extraction. The samples were allowed to warm to room temperature before 


weighing 100 mg of dust into a 50-mL polypropylene centrifuge tube. Internal standard solution (100 


µL) was added to each tube, along with a ceramic homogenizer. A 10-mL volume of 1:1 acetone:hexane 


was then added to each sample tube. The tubes were capped and vortex-mixed for 1 min, allowed to sit 


for 2 min, then vortex-mixed for one additional minute. The tubes were then centrifuged at 4,000 RPM 


for 5 min. The solvent layer was removed and transferred to a 15-mL vial. A 1-mL aliquot of the extract 


was transferred to an autosampler vial for GC/MS/MS analysis. The extracts were then transferred into 


autosampler vials, through 0.2-µm PTFE syringe filters, in preparation for GC/MS/MS analysis. 


3.4.4.6 GC/MS/MS Analysis for SVOCs 


Field air and surface sample extracts were analyzed using an Agilent Model 7890 gas chromatograph 


equipped with a VF-5ms column (30 m × 0.25 mm, 0.25 µm) and a Model 7010 triple quadrupole mass 


spectrometer (Agilent Technologies, Santa Clara, CA, USA). The GC/MS/MS parameters previously 


shown in Table 3-8 in the Tire Crumb Characterization Report (U.S. EPA & CDC/ATSDR, 2019) were 


used for data acquisition. The instrument was standardized using High Sensitivity Electron Impact (EI) 


Autotune and was calibrated for target analytes in the range of 0.1 ng/mL to 500 ng/mL. Calibration 


checks were run using a mid-level standard between every 10 samples. Quantitation was performed 


using linear regression curves generated from the responses and nominal concentrations of calibration 


standard solutions. Data were processed using Agilent MassHunter Workstation Quantitative Analysis 


for QQQ (Version B.07.01, Agilent Technologies, Santa Clara, CA, USA) and were exported to 


Microsoft® Excel (Office 365, Microsoft Corporation, Redmond, WA, USA) for further data reduction. 


3.4.5 Urine, Blood, and Serum Sample Analysis – Pilot-Scale Biomonitoring Study 


For blood and serum samples collected as part of the pilot-scale biomonitoring study, venipunctures 


were performed on-site at a designated area, and blood samples collected by a trained phlebotomist from 


participants. Sample collection protocols indicate a blood draw of 6 mL for serum metals and 5 mL for 


blood metals (total of 11 mL); the maximum blood draw per participants did not exceed 25 mL. Serum 


samples were collected via centrifugation. Per NCEH Division of Laboratory Sciences’ sample 


collection protocols, blood samples were shipped on freezer packs, and serum samples were shipped on 


dry ice. Blood and serum samples were analyzed for metals via inductively coupled plasma dynamic 


reaction cell mass spectrometry (ICP-DRC-MS) (Appendix F). 


For urine specimens, participants were provided with a sealed sterile urine collection cup to collect the 


urine samples on-site in facility restrooms. Samples were shipped on dry ice to the NCEH Division of 


Laboratory Sciences. Urine samples were analyzed for polyaromatic hydrocarbon (PAH) metabolites 


and creatinine; PAH metabolites were quantified using online solid phase extraction high performance 


liquid chromatography/tandem mass spectrometry (SPE-HPLC-MS/MS) (Wang et al., 2017). All 


urinary PAH metabolites were adjusted for creatinine to account for urinary dilution. 


3.5 Video Activity Assessments for Synthetic Field Users 


In early 2017, a novel videography collection method using online sources was developed to quantify 


the frequency of select micro-activities (i.e., hand-to-mouth, object-to-mouth, hand-to-turf, and body-to-


turf contact) of 60 athletes playing soccer, field hockey, or football on (natural or synthetic turf) fields, 


as seen on publicly-available videos downloaded from the internet. The adapted video translation part of 
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this method was then slightly modified and used to quantify the frequencies of these four micro-


activities for 17 exposure characterization study participant video recordings collected while practicing 


soccer or football on synthetic turf fields in late 2017 (Freeman et al., 2001; Ferguson et al., 2006; 


Kwong et al, 2016). In addition, an adapted videography method was developed to quantify the intensity 


and duration of the activity levels (resting, low activity, or high activity) of the 17 study participants on 


these same videos. 


3.5.1 Online Video Assessment (Phase 1) 


This videography (Phase 1) work using online sources was classified as non-human subjects research as 


defined in the Federal Policy for Protection of Human Research Subjects (the Common Rule) [HHS 45 


CFR § 46, Subpart A and EPA 45 CFR § 26, Subpart A]. The research also falls under the fair use of 


copyrighted materials, as stated in section 107 of the U.S. Copyright Act [Copyright Act of 1976 § 


101, 17 U.S.C. § 107 (2012)]. All research activities were conducted in a secure room at the EPA 


campus in Research Triangle Park, NC. 


3.5.1.1 Videos of Selected Athletes from the Internet  


Accessing the video-sharing website in the fall of 2016, YouTube (www.youtube.com), three EPA 


technicians randomly found videos of children and adults playing soccer, field hockey, and football on 


natural or synthetic turf fields (indoor/outdoor).To be used in the assessment, videos were required to be 


of high enough quality and resolution to allow a researcher to be able to clearly observe the hand-to-


mouth, object-to-mouth, hand-to-turf, and body-to-turf events of selected athletes for a minimum of 15 


minutes for soccer/field hockey or 10 minutes for football. Due to the nature of each type of sport, 


athletes spent varying amounts of time on the turf fields. For example, football teams tended to have 


more players; therefore, individual players typically had less time of play. These 10-minute and 15-


minute time periods were chosen based on the total amount of time that individual athletes were 


observed playing these three different sports on the videos. Videos were downloaded as MP4 files via a 


laptop computer onto an encrypted, 256 MB SanDisk Ultra® thumb drive (Western Digital 


Technologies, Inc., Milpitas, CA, USA). A total of 34 videos (soccer = 12, field hockey = 12, and 


football = 10) were collected. As these were team sports, up to three different athletes were chosen for 


assessment per video. Table 3-3 presents the number of children and adults selected by sport from the 34 


videos. A technician took a screen shot of each of the 60 selected athletes on video and recorded specific 


personal characteristics (i.e., child or adult, sex, type/color of clothing, jersey number, and field position 


[e.g., quarterback, goalie]). 


Table 3-3. Number of Subjects Selected for Assessment by Sport from Publicly-available Videosa 


Sport Children Adults Total 


Soccer 10 10 20 


Field Hockey 10 10 20 


Football 10 10 20 


Total 30 30 60 


a A total of 34 YouTube videos were assessed (12 soccer videos, 12 field hockey videos, and 10 football videos) 


3.5.1.2 Training Technicians for Video Translation 


After previewing the 34 YouTube videos, the study investigator noticed that athletes playing football 


generally had much higher occurring frequencies of the targeted micro-activity events than soccer or 


field hockey athletes. Therefore, it was decided that video translation would be conducted by designated 
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sport (soccer/field hockey or football). The study investigator held two different training sessions 


(session A for soccer/field hockey and session B for football) to train the three EPA technicians to 


translate the hand-to-mouth, object-to-mouth, hand-to-turf, and body-to-turf contact of athletes playing 


soccer, field hockey or football. A fourth technician was trained later to assist in football video 


translations. 


Training Session A - The study investigator made two training videos that included 15 minutes of play 


of two different athletes participating in soccer or field hockey from the actual study videos. The two 


training videos were developed at two levels of difficulty (easy and difficult), based on the number of 


targeted micro-activity events of the selected athletes observed on video; the easy level had a total of 8 


micro-activity events, and the difficult level had a total of 38 micro-activity events. The study 


investigator and three technicians previewed each training video as a group to agree on the type and 


number of targeted micro-activity events that occurred by each selected athlete. Each training video was 


translated twice by each technician. To pass the training videos, individual technicians were required to 


have a total percent error rate of less than 5% for the easy level and 10% for the difficult level. After 


translating the training videos, the EPA technicians had a total percent error rate of 0% for the easy level 


and less than 9% for the difficult level. 


Training Session B - The study investigator made one 10-minute training video, from the actual study 


videos, of an athlete playing football. This training video had a total of 69 different micro-activity events 


occurring over the 10 minutes of play and was deemed “difficult” based on the high number of observed 


targeted micro-activity events made by the football player. The study investigator and four technicians 


reviewed this training video together several times to agree on the type and number of targeted micro-


activities made by this athlete. 


3.5.1.3 Translation of Targeted Micro-activities of Athletes in Publicly-available Videos 


The selected micro-activities of individual athletes were translated from the 34 YouTube videos by 


trained EPA technicians. The technicians completed training session A over a two-day period and then 


translated the targeted micro-activities of the 20 soccer players and 20 field hockey players in the videos 


for 15 minutes per selected player (Table 3-3). Approximately six weeks later, these same technicians 


completed training session B over one day and then translated the targeted micro-activities of the 20 


selected football players in the videos for 10 minutes per player. Hand-to-mouth events were contacts 


made by either an ungloved or gloved hand to the lips or inside the mouth. Object-to-mouth events were 


contacts made by an object (i.e., shirt, mouthguard, or water bottle) to the lips or inside the mouth. 


Hand-to-turf events were contacts made by either an ungloved or gloved hand to the field. Body-to-turf 


events were contacts made by any part of the body (excluding hands and feet) to the field. 


The EPA technicians viewed the MP4 files of the study videos using Windows Media Player (Version 


12.0, Microsoft® Corporation, Redmond, WA, USA) on a 28-inch computer monitor (ViewSonic® 


Corporation, Walnut, CA, USA). The procedures used to translate the targeted micro-activities of the 


athletes were specific to the designated sport (soccer/field hockey videos or football videos). 


Soccer and Field Hockey Videos - An EPA technician previewed each selected soccer or field hockey 


player on video for a total of 15 minutes. During the second viewing of the video, the technician 


manually tallied the athlete’s observed frequency of hand-to-mouth, object-to-mouth, hand-to-turf, and 


body-to-turf contacts on a paper template (Figure 3-13). The athlete’s use of specific sporting items, 


such as mouthguards and gloves, was also recorded on this paper template. In addition, the technician 


re-wound sections of the video, as needed, to more accurately quantify the athlete’s micro-activity 


contacts. In cases where an athlete was observed having less than 9 total micro-activity events over the 
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15 minutes, the video was translated again by the same technician. 


Figure 3-13. Paper template for tallying the selected micro-activity events of an athlete. 


Football Videos - A group of three or four EPA technicians concurrently viewed each selected football 


player on video for a total of 10 minutes. One of the technicians manually tallied, on notebook paper, 


each hand-to-mouth, object-to-mouth, hand-to-turf, and body-to-turf contact by the athlete. Sections of 


each video were re-wound, as needed, to more accurately quantify the athlete’s micro-activity events. 


All technicians had to agree that a targeted micro-activity event occurred by the athlete before the event 


was recorded. Then, a second technician transcribed the athlete’s individual micro-activity events from 


the notebook paper to a paper template (Figure 3-13). The athlete’s use of specific sporting items, such 


as mouthguards and gloves, was also recorded on this paper template. 


3.5.1.4 Quality Control Measures 


In addition to training the technicians responsible for translating the videos, several additional quality 


control measures were taken during video translation. 


Soccer and Field Hockey Videos - In cases where a selected soccer or field hockey athlete was observed 


having less than 9 total micro-activity events over the 15-minute translation period, the video was 


translated again by the same technician. This is because the potential error rate for a technician is much 


higher when an athlete has a lower number of micro-activity events compared to a higher number of 


events. For example, if a technician records 2 out of 3 actual micro-activity events, the error rate would 


be 33%, but if a technician only records 10 out of 11 micro-activity events, the error rate would be 9%. 


Football Videos - To ensure high quality data was obtained from the football videos, the micro-activities 


of each selected football player were concurrently translated by a minimum of three EPA technicians. 


This was done because of the significantly higher frequency of targeted micro-activity events in football. 


3.5.1.5 Statistical Analysis 


For individual videos that were translated twice (i.e., videos with < 9 micro-activity events by an 


athlete), the data were averaged by each type of micro-activity event per person. The frequency of 


micro-activity contacts by category (events/hour) were normalized to one hour for each athlete. This 


approach assumed that the targeted micro-activity rates of an athlete occurred for the entire one-hour 


period. Descriptive statistics (e.g., arithmetic mean and standard deviation, percentiles [25th, 50th, 75th, 


and 95th], and range) were presented as frequency of hand-to-mouth, object-to-mouth, hand-to-turf, and 


body-to-turf events/hour for children and adult athletes by sport. Welch’s t-tests and one-way ANOVAs 


were used to analyze differences between frequencies of micro-activity events by field type, gender, age, 


equipment and sport type. All statistical analyses were performed using RStudio (RStudio, Inc., Boston, 


MA, USA) with R (Version 3.1.2, R Core Team 2014). 


50 







 


 


  


 


  


     


    


    


 


  


 


 


  


 


 


       
    


    


    


                                         


    


  


 


  


  


   


 


 


  


 


  


 


 


3.5.2 Exposure Pilot Study Participant Video Assessment (Phase 2) 


EPA contractor technicians videotaped a select number of exposure study participants, for up to two 


hours each, while practicing soccer or football on synthetic turf fields at facilities in the fall of 2017. A 


total of 17 athletes (14 children and 3 adults) were videotaped during the study. 


3.5.2.1 Videography of Study Participants 


An HXR-NX100 Full HD NXCAM camcorder (Sony Corporation, Minato, Tokyo, Japan) attached to a 


Manfrotto™ XPRO monopod (Lino Manfrotto + Co. Spa, Cassola, Italy) was used to record a selected 


participant athlete’s activities while playing on the synthetic turf field simultaneously on two different 


Sony 32GB High Speed UHS-I SDHC U3 Memory Cards (Sony Corporation, Minato, Tokyo, Japan). 


Only one participant athlete was videotaped by the technician at a time. To be used in assessment, 


videos were required to be of high quality and resolution to allow a researcher to be able to clearly 


observe the hand-to-mouth, object-to-mouth, hand-to-turf, and body-to-turf contacts, as well as the 


intensity and duration of activity levels (i.e., resting, low activity, and high activity), of the athletes 


playing on the synthetic turf fields for a minimum of 30 minutes. Table 3-4 presents the number of 


children and adult study participants recorded by sport. Ancillary information about each athlete (i.e., 


sex, child or adult, sport, and type of field [indoor or outdoor]) was also recorded. 


Table 3-4. Number of Exposure Study Participant Athletes Videotaped by Sport 
Sport Children Adults Total 


Soccer 9 3 12 


Football 5 0 5 


Total 14 3 17 


3.5.2.2 Training Technicians for Video Translation 


In October 2017, the EPA study investigator held two different training sessions (session A for micro-


activity events and session B for activity level intensity and duration) to train two EPA contractor 


technicians to quantitatively translate the frequencies of the targeted micro-activity events and the 


intensity and duration (in seconds) of the selected activity levels of individual athletes on video. 


Training Session A - The study investigator used a study video of a child football player to train to the 


two technicians to accurately translate the athlete’s micro-activity contacts on a paper template (Figure 


3-13). This 1-hour video was chosen based on the total number of micro-activity events (> 50) for the 


athlete observed on video. As a group, the study investigator and the two technicians concurrently 


viewed the video to agree on the actual type and number of micro-activity contacts that occurred by this 


athlete. Then, the two technicians separately translated this 1-hour video twice. The acceptable intra-


person and inter-person error rate was < 10% and < 15%, respectively. Results for the same technician 


translating the video twice yielded a total percent error rate of 0% for technician 1 and 2% for technician 


2. The total percent error rate between the two technicians was less than 3%. 


Training Session B - The study investigator used a study video of an adult soccer player to train the 


same two technicians to accurately translate the intensity and duration of the selected participant’s 


activity levels. This 1-hour video was chosen based on the intensity and duration of activity levels of the 


participant observed on video. The study investigator and the two technicians reviewed the video 


together to agree on the actual intensity and duration of the activity levels of the athlete. Then, each 


technician translated this 1-hour video twice. The acceptable intra-person and inter-person error rate was 


< 5% and < 10%, respectively. Results for the same technician translating the video twice, yielded a 
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total percent error rate of <1% for technician 1 and 1% for technician 2. The total percent error rate 


between the two technicians for this video was less than 2%. 


3.5.2.3 Translation of Targeted Micro-activities of Study Participant Athletes 


Fourteen of the study participants had their activities recorded for at least 1 hour on video, while 


practicing soccer or football on the synthetic turf fields. The remaining three participants (child soccer 


players) were videotaped practicing on the synthetic turf fields for less than 1 hour (i.e., 37–48 minutes). 


The selected micro-activities of individual athletes were translated from the videos by trained EPA 


contractor technicians. The technicians completed training session A over one day and then translated 


the targeted micro-activity events of the 17 participants on video for up to one continuous hour. 


Approximately two weeks later, the same two technicians completed training session B over one day 


and then translated the intensity and duration of the targeted activity levels of the 17 participants on 


video for up to one continuous hour. 


3.5.2.4 Quantification of the Frequency of Micro-activity Events for Study Participants 


In October 2017, a trained EPA contractor technician translated the targeted micro-activity events of the 


individual study participants on video for one continuous hour, except for the three child soccer players 


who practiced less than one hour. For these three children, the technician translated the total time they 


were recorded on video (i.e., 37, 45, and 48 minutes). Each video was viewed on the SD card using 


Windows Media Player (Version 12.0, Microsoft® Corporation, Redmond, WA, USA) on a 27-inch 


VX2757-MHD computer monitor (ViewSonic® Corporation, Walnut, CA, USA). The technician first 


previewed the athlete for the entire length of the video. During the second viewing of the video, the 


technician manually tallied the participant’s observed frequencies of hand-to-mouth, object-to-mouth, 


hand-to-turf, and body-to-turf contact on a paper template (Figure 3-13). Sections of the video were re-


wound, as necessary, to more accurately quantify the athlete’s micro-activity events. The athlete’s use of 
specific sporting items, such as mouthguards and gloves, was also recorded on this paper template. 


3.5.2.5 Quantification of the Intensity and Duration of Activity Levels of Study Participants 


The CDC (1999) method was modified to classify the selected intensity levels (resting, low activity, or 


high activity) of the 17 study participant athletes observed on the videos. For this study, resting was 


when a person was observed standing, sitting, or kneeling. Low activity was when a person was 


observed walking, stretching, or when stationary (e.g., catching, throwing, or kicking a ball). High 


activity was when a person was observed jogging, running, tackling, or had a similar level of intensity 


(e.g., jumping jacks, pushups, and grapevines). 


From late October to early December 2017, a trained EPA contractor technician translated the intensity 


and duration of the selected activity levels of individual study participants on video for one continuous 


hour, except for the three child soccer players, which were translated for the total time they were 


recorded (i.e., 37, 45, and 48 minutes). Each video was viewed on the SD card using Windows Media 


Player (Version 12.0, Microsoft® Corporation, Redmond, WA, USA) on a 27-inch VX2757-MHD 


computer monitor (ViewSonic®, Corporation, Walnut, CA, USA). The technician first previewed the 


participant for the entire length of the video. During the second viewing of the video, the technician 


manually tallied the intensity and duration (in seconds) of the athlete’s observed activity levels on a 


paper template (Figure 3-14). The technician re-wound sections of the video, as needed. 
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Figure 3-14. Paper template for tallying the intensity and duration 


of selected activity levels of an athlete. 


3.5.2.6 Quality Control Measures 


In addition to training the technicians responsible for translating the videos, several additional quality 


control measures were taken during video translation. 


To maintain high intra- and inter-person accuracy of coding the targeted micro-activity events on the 


videos over time, the two trained technicians translated two additional participants’ videos -- after 


completing 50% and 95% of the total videos (n = 17). A 1-hour video of a youth football player was 


translated at 50% completion and a 37-minute video of a child soccer player was translated at 95% 


completion; both videos had greater than 40 observed micro-activity events. The translation conducted 


at 50% completion, yielded a total percent error rate of 7% for technician 1 and 9% for technician 2; 


however, the total percent error rate between the two technicians was slightly above the maximum 


allowable error rate (i.e., 15%). Therefore, each technician translated this video a third time, and the 


total percent error decreased to less than 10% between these two technicians. The translation conducted 


at 95% completion, yielded a total percent error rate of 0% for technician 1 and 4% for technician 2. The 


total percent error rate between the two technicians was also less than 5% for this video. 


To maintain high intra- and inter-person accuracy of coding the intensity and duration of activity levels 


for athletes on the videos, the two technicians translated two additional participants’ videos -- after 


completing 50% and 95% of the total videos (n = 17). These videos (1 hour each) consisted of two 


different child soccer players. The translation conducted at 50% completion, yielded a total percent error 


rate of < 2% for each technician translating the same video twice; the total percent error rate between the 


two technicians was less than 7%. The translation conducted at 95% completion, yielded a total percent 


error rate of 2% for technician 1 and 1% for technician 2 after translating the same video twice; the total 


percent error rate between the two technicians was less than 5%. 


3.5.2.7 Statistical Analysis 


For the three child athletes (videotaped < 1 hour), their frequency of micro-activity contacts by category 


(events/hour) and the intensity and duration of activity levels (seconds/hour) were normalized to 1 hour. 


This approach assumed that the selected activity contacts/durations levels of an athlete occurred for an 


entire 1-hour period. Descriptive statistics (e.g., arithmetic mean and standard deviation, percentiles 


[25th, 50th, 75th, and 95th], and range) were presented as frequency of hand-to-mouth, object-to-mouth, 


hand-to-turf, and body-to-turf contacts (events/hour) for the children and adult athletes by sport. 


Descriptive statistics were also provided as duration of resting, low activity, or high activity levels 


(seconds/hour) for the children and adult athletes by sport. Welch’s t-tests and one-way ANOVAs were 


used to analyze differences between the frequencies of micro-activity events and duration of activity 
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levels by field type, gender, age group, equipment, and sport type. All statistical analyses were 


performed using RStudio (RStudio, Inc., Boston, MA, USA) with R (Version 3.1.2, R Core Team 2014). 


3.6 Data Processing and Analysis 


3.6.1 Data Processing 


Chemical analysis data and field sampling data sets produced by the researchers were subjected to a 


secondary review by an independent expert. Following secondary review, the field sampling, VOC, 


SVOC, metals, and air particulate data sets were submitted to the project’s data manager. The data 


manager uploaded data sets using SAS/STAT® 13.1 (SAS Institute Inc., Cary, NC, USA) and 


performed a series of organizational, review, cleaning, and output steps. Following initial intake and 


organization, the data manager provided data reports to the analyst and project manager to review for 


potential data issues or labeling problems and to determine whether any additional cleaning or 


organization was required. Following resolution, final draft data files were created for further data 


processing operations. The analysts and data manager then consulted with the project manager to 


interpret the quality control results (shown in Appendix B), make decisions on required adjustments, if 


any, and calculation requirements to bring measurement data into the correct final result. 


Field blank corrections were performed for all exposure pilot study measurement data. The amount of 


chemical measured on a field blank deployed to a specific field was subtracted from the measurement 


results for all samples of that type collected from that specific field. Two field blanks were deployed for 


most media at the first field, the field blank results were averaged prior to subtraction from the sample 


results. The chemical recoveries in the spiked field controls were examined, but no recovery corrections 


were performed to any exposure pilot measurement data. In some cases, decisions were made not to 


report results for specific chemicals due to poor recoveries from spiked field control samples. 


3.6.2 Data Analysis 


Air sampling field data were combined with chemical and particulate analysis data to calculate sample 


volumes and concentrations of each analyte in air. Field wipe and drag sled data were combined with 


field sampling data to allow calculation of surface loadings based on amount of chemical measured per 


square centimeter of the field surface. Dust concentrations were calculated by dividing the amount of 


chemical measured by the amount of dust that was digested or extracted. Dermal wipe measurement data 


were combined with field sample collection data to first organize the results by age and sport, and then 


to calculate the amount of chemical measured per square centimeter of skin that was wiped. For hand 


wipe samples, the entire hand was wiped, so the surface area used was based on the age-specific value 


for hand surface area from the EPA Exposure Factors Handbook (U.S. EPA, 2011b). 


Field metadata were processed separately by transferring information from field data collection forms to 


spreadsheet tables, where they were organized among and within groups and categories. 


Chemical concentration measurement values and their mean or median statistics and ranges were 


presented in tables generated using SAS/STAT® 13.1 (SAS Institute Inc., Cary, NC, USA) with data 


reported at two significant figures. Due to small sample sizes, no within- or between-group statistical 


analyses were performed for exposure pilot study personal and field sample measurement results. 


54 







 


 


  [This page intentionally left blank.] 







 


4.0  Exposure Characterization  Results  


 


  


 


 


  


   


  


  


  


   


 


 


      


 


  


 


 


 


        


       


  


   


    


        


        


     


 


  


  


  


   


  


    


       


   


    


The exposure characterization study was a pilot-scale effort aimed at collecting information and data to 


characterize how users of synthetic turf fields with tire crumb rubber infill might be exposed to the 


chemical constituents present in tire crumb rubber. We enrolled youth and adults taking part in athletic 


activities on synthetic turf fields in several locations to participate in questionnaire, exposure 


measurement and videographic study elements. In addition, we used publicly available video to further 


assess exposure-related activities for people engaged in athletic activities at sports fields. The exposure 


characterization activity and measurement results are reported in this section, and the results of further 


exposure modeling for a subset of chemicals of interest – lead (Pb), methyl isobutyl ketone (MIBK), 


benzothiazole, pyrene, benzo(a)pyrene and zinc – are reported in section 5. 


4.1 Exposure Pilot Study Recruitment 


Due to scheduling and availability issues, the number of fields and participants available for recruitment 


during the field study implementation window was reduced. The target sample size of six fields and 60 


participants was not reached during the study period. Overall, the research team recruited 32 participants 


at three field locations in the study. Final participant numbers for the different study components are 


presented in Table 4-1. 


Table 4-1. Exposure Pilot Study Participant Recruitment and Participation Types 
Study Participant Activity Types Outdoor 


Field 1 


Outdoor 


Field 2 


Indoor 


Field 


Total 


Exposure characterization study – total 15 15 2 32 


Exposure characterization – questionnaire only 4 3 0 7 


Exposure measurement – personal air 


monitoring and dermal wipe sampling 


11 12 2 25 


Exposure measurement – blood biomonitoring 10 3 0 13 


Exposure measurement – urine biomonitoring 10 4 0 14 


Videography 8 8 1 17 


4.2 Exposure Pilot Study Field User Questionnaires 


4.2.1 Demographics 


A total of 32 questionnaires were administered in the field for participants ranging in age from 7 to 51. 


For variables with large enough sample sizes, we categorized participants into three age groups for 


comparison. The youngest age group (i.e., children between 7 and 10 years of age) and the oldest age 


group (i.e., adults 18 years and older), each comprised 22% of the recruited questionnaire participants 


(Table 4-2). The largest age group (i.e., 56% of questionnaire participants) included participants that 


ranged in age from 11 to 17 years of age. Slightly more than half of the participants were male (i.e., 


53%; Table 4-2). The questionnaire results presented in Tables 4-3 through 4-15 reflect the answers of 


all 32 participants; results are presented by age group in the text, where possible. 
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Table 4-2. Age and Gender of Questionnaire Participants 
Study Participant Number of (%) 


Questionnaire 


Participants 


Age 7 to 10 


Number of (%) 


Questionnaire 


Participants 


Age 11 to 17 


Number of (%) 


Questionnaire 


Participants 


Age 18 and older 


Number of (%) 


Female 


Questionnaire 


Participants 


Number of (%) 


Male 


Questionnaire 


Participants 


Questionnaire participant 7 (22%) 18 (56%) 7 (22%) 15 (47%) 17 (53%) 


4.2.2 Field Contact Frequency and Duration Questions 


Most questionnaire participants reported playing at the facility between 3 and 4 years (31%), followed 


by 1 to 2 years (28%; Table 4-3). More than half (57%) of children younger than 11 years of age were 


more likely to report using the facility for 1 to 2 years, while 50% of participants ages 11 to 17 reported 


using the facility for 3 to 4 years. Approximately 43% of adult questionnaire participants reported using 


the facility for less than a year. 


For all age groups combined, summer and fall had the highest reported frequency of use (i.e., two or 


more days per week; Table 4-4). Younger children tended to minimally use the field year-round, 


typically 1 day or less per week. Children ages 11 to 17 years had more diverse uses throughout the 


season, with the highest seasonal use reported in the summer (i.e., 4 to 5 days per week) and less 


frequent use in the winter (i.e., 0 to 1 day per week). Adults also reported less turf field use in the spring 


and winter and higher use in summer and fall (i.e., 4 to 5 days per week). 


Table 4-3. How Long Questionnaire Participants Have Been Coming to 


the Facility for All Combined Age Groups 


Years Coming to Facility Number of (%) Questionnaire Participants 


< 1 6 (19%) 


1–2 9 (28%) 


3–4 10 (31%) 


5+ 7 (22%) 


Table 4-4. Number of Days per Week Questionnaire Participants Typically Spent on the 


Synthetic Turf Fields at this Facility, by Season 
Days per Week Number of (%) 


Questionnaire 


Participants -


Spring 


Number of (%) 


Questionnaire 


Participants -


Summer 


Number of (%) 


Questionnaire 


Participants -


Fall 


Number of (%) 


Questionnaire 


Participants -


Winter 


0 – 1 18 (56%) 11 (34%) 7 (22%) 24 (75%) 


2+ 14 (44%) 21 (66%) 25 (78%) 8 (25%) 


For all questionnaire participants, a majority spent an hour and a half or less per day on synthetic turf 


fields in the spring, summer, and winter, though 44% of participants in the summer spent two or more 


hours (Table 4-5). Most participants (59%) reported using synthetic turf fields for two or more hours per 


day in the fall. Participants under 18 did not report more than 2 hours per day year-round, while some 


adults reported three or more hours on synthetic turf fields per day. The majority of all participants 


(56%) reported the longest period of time spent on synthetic turf fields in a single day was between 0 to 


2 hours (Table 4-6). Adult participants commonly reported a maximum time of 3 to 5 hours per day 


(71%), while 0 to 2 hours per day was commonly reported for age groups 7 to 10 years of age (86%) and 


11 to 17 years of age (67%). 
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Table 4-5. Number of Hours per Day Questionnaire Participants Typically Spent on the 


Synthetic Turf Fields at this Facility, by Season 
aHours per Day Number of (%) 


Questionnaire 


Participants in 


Spring 


Number of (%) 


Questionnaire 


Participants in 


Summer 


Number of (%) 


Questionnaire 


Participants in 


Fall 


Number of (%) 


Questionnaire 


Participants in 


Winter 


0 – 1.5 27 (84%) 18 (56%) 13 (41%) 27 (84%) 


2+ 5 (16%) 14 (44%) 19 (59%) 5 (16%) 


a Data is presented in these categories due to the distribution of the data and small cell sizes 


Table 4-6. Longest Period of Time Questionnaire Participants 


Spent on Synthetic Turf Fields in a Single Day 
Hours per Day Number of (%) Questionnaire Participants 


0 – 2 18 (56%) 


3+ 14 (44%) 


Table 4-7 shows how often all questionnaire participants played on synthetic turf fields, grass fields, or 


playgrounds with rubber or synthetic turf in the past year and the past five years. A majority of 


participants have played on synthetic turf fields at least once a week in the past year (63%) and past five 


years (56%). Additionally, a majority have played on grass fields at least once a week in either the past 


year (59%) or past five years (56%). Though not shown due to small cell sizes, playing on playgrounds 


with rubber or turf in the past year or five years was less common. Few participants reported playing on 


these playgrounds 1 to 3 times a month in the past year (25%) and in the past 5 years (28%). 


Concerning age groups, children less than 11 years generally reported playing at least once a week on 


synthetic turf fields in the past year or 5 years (57%). Additionally, these participants more often 


reported playing on natural grass fields at least once a week in the past year (86%) or 5 years (100%), 


frequently reported as 2 to 3 times a week. For the second age group (11 to less than 18 years), a 


majority reported playing on synthetic turf fields at least once a week in the past year (56%) as well as 


past 5 years (50%). However, this age group less frequently reported playing on grass fields once a week 


in the past year or 5 years (44%). Adults commonly reported playing on synthetic turf fields at least 


once a week in the past year (86%) and past 5 years (71%), most commonly 2 to 3 times a week (57%) 


in the past year and 4 or more times a week (57%) in past 5 years. Adults also reported using natural 


grass fields in the past year (57%) and past 5 years (43%).  


Table 4-7. How Often Questionnaire Participants Played on Synthetic Turf Fields and Grass Fields in the 


Past Year and Past Five Years 
Field Use Number of (%) Questionnaire 


Participants Who Used Field 


1 to 3 Times per Month 


Number of (%) Questionnaire 


Participants Who Used Field 


At Least Once a Week 


Any synthetic turf field in past year 11 (34%) 20 (63%) 


Any synthetic turf field in past 5 years 11 (34%) 18 (56%) 


Any natural grass in past year 7 (22%) 19 (59%) 


Any natural grass in past 5 years 9 (28%) 18 (56%) 
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4.2.3 Contact Types and Scenarios per Field Use 


For all questionnaire participants, diving, falling, sitting, and drinking on synthetic turf fields was more 


commonly reported in summer than spring; eating on turf fields was not commonly reported for any 


season (Table 4-8). Over 50% of children ages 7 to less than 11 reported falling and/or sitting on 


synthetic turf often/sometimes in the spring, summer, and fall. All age groups reported drinking on the 


field often/sometimes for all seasons except winter, mostly due to the lack of activities during 


wintertime. Participants 11 years and older most commonly reported diving onto turf often/sometimes in 


the summer and fall. 


Table 4-8. Types and Frequency of Questionnaire Participant Contact with Synthetic Turf Fields in Spring and 


Summer a 


Contact Type/ 


Scenario 


Spring Contact 


Frequency- Number 


of (%) Questionnaire 


Participants Who 


Made Contact 


Rarely/Never or 


No Response 


Spring Contact 


Frequency- Number 


of (%) Questionnaire 


Participants Who 


Made Contact 


Often/Sometimes 


Summer Contact 


Frequency - Number 


of (%) Questionnaire 


Participants Who 


Made Contact 


Rarely/Never or 


No Response 


Summer Contact 


Frequency - Number 


of (%) Questionnaire 


Participants Who 


Made Contact 


Often/Sometimes 


Dive 21 (66%) 11 (34%) 13 (41%) 19 (59%) 


Fall 17 (53%) 15 (47%) 9 (28%) 23 (72%) 


Sit 17 (53%) 15 (47%) 12 (38%) 20 (63%) 


Eat 27 (84%) 5 (16%) 25 (78%) 7 (22%) 


Drink 16 (50%) 16 (50%) 9 (28%) 23 (72%) 


a Possible questionnaire responses included Often (>50% of the time), Sometimes (<50% of the time), and Rarely/Never. Due 


to small cell sizes, Often and Sometimes responses are reported together. 


4.2.4 Activity Intensity 


For all questionnaire participants, 28% reported high/moderate activity less than 25% of the time when 


using synthetic turf fields (Table 4-9). Additionally, more participants (38%) reported high/moderate 


activity between 25% and less than half of the time, while 20% of participants reported higher intensity 


between 50% and less than 75% and only 14% reported 75% or greater. A large majority of participants 


(81%) categorized low activity or resting for less than 25% of time when using synthetic turf fields 


while 19% of participants categorized this as between 25% and less than 50% of the time. There were 


not any visible patterns of differences between age groups and activity intensity. Resting and low 


activity was commonly reported as 0 to less than 25% of time for all age groups. All age groups most 


frequently categorized high activity as between 50 to less than 90% of time when using synthetic turf 


fields and moderate activity between 10 to less than 50%. 


Table 4-9. Intensity of Activity Engaged in by Questionnaire Participants When Using Synthetic Turf Fields 
Percentage of 


Time (%) 


Number of (%) Questionnaire Participants 


Engaged in High/Moderate Activity 


Number of (%) Questionnaire Participants 


Engaged in Low Activity/Resting 


0 – <25 18 (28%) 52 (81%) 


25 – <50 24 (38%) 12 (19%) 


50 – <75 13 (20%) 0 


75+ 9 (14%) 0 
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4.2.5 Dermal and Non-dietary Ingestion Exposure 


Commonly reported activities occurring on synthetic turf fields every time or often included drinking 


(81%), hands touching the turf (78%), and body parts (other than hands) touching the turf (75%; Table 


4-10). Activities like chewing gum, eating, and using hand wipes did not have large enough cell sizes to 


present (i.e., they were not commonly reported). Getting cuts or abrasions from contact with the turf and 


touching one’s mouth while on the field were also not commonly reported to occur every time/often 


(19% and 28%, respectively). Adults were more likely to report playing in the rain often (71%), and 


children ages 7 to less than 11 were more likely to report sitting with bare skin on the field every time 


(57%) (data not shown). 


Shorts and short sleeve shirts were most commonly worn in the spring, summer, and fall for all 


questionnaire participants (Table 4-11). Gloves were not commonly worn, but had the highest frequency 


of use in the fall (41%). Pads were most commonly worn in summer (53%) and fall (75%). Long sleeve 


shirts and long pants did not have large enough cell sizes to be presented, but were most commonly 


reported as worn in fall and winter. Little variation was present among age groups. 


Table 4-10. Frequency of Different Activities Performed by Questionnaire Participants on 


Synthetic Turf Fields 


Activity Number of (%) 


Questionnaire 


Participants Engaged in 


Activity Every 


Time/Often 


Number of (%) Questionnaire 


Participants Engaged in 


Activity Sometimes/Never 


Drink 26 (81%) 6 (19%) 


Play in rain 14 (44%) 18 (56%) 


Hand touches turf 25 (78%) 7 (22%) 


Body part (other than hand) touches 


turf 


24 (75%) 8 (25%) 


Sit with bare skin 16 (50%) 16 (50%) 


Play with turf material/ rubber 


granules 


6 (19%) 26 (81%) 


Touch mouth with hands or fingers 9 (28%) 23 (72%) 


Put non-food objects in mouth 18 (56%) 14 (44%) 


Cuts/abrasions from contact with turf 6 (19%) 26 (81%) 


Table 4-11. Clothing Worn by Questionnaire Participants, by Season 


Clothing Number of (%) 


Questionnaire 


Participants Who 


Wore Clothing in 


Spring 


Number of (%) 


Questionnaire 


Participants Who 


Wore Clothing in 


Summer 


Number of (%) 


Questionnaire 


Participants Who 


Wore Clothing in 


Fall 


Number of (%) 


Questionnaire 


Participants Who 


Wore Clothing in 


Winter 


Shorts 16 (50%) 26 (81%) 30 (94%) 6 (19%) 


Short Sleeve Shirts 16 (50%) 26 (81%) 30 (94%) 7 (22%) 


Gloves 6 (19%) 10 (31%) 13 (41%) 9 (28%) 


Socks 17 (53%) 26 (81%) 32 (100%) 12 (38%) 


Helmet 0 6 (19%) 8 (25%) 0 


Pads 12 (38%) 17 (53%) 24 (75%) 8 (25%) 
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4.2.6 Tire Crumb, Dirt and Debris in Other Areas 


For all participants, a majority noticed tire crumb rubber, dirt or debris every time or often on their body 


(66%), in their car (75%), or at home (59%) after using a synthetic turf facility (Table 4-12). Adults 


frequently reported finding tire crumb rubber, dirt or debris on their body often (57% often), as did 


youth age 11 to less than 18 years (44% every time; 28% often); however, this was not common for the 


youngest participants (29% every time; 14% often; data not shown). 


Table 4-12. Frequency of Questionnaire Participants Noticing Tire Crumb Rubber, Dirt or Debris 


After Using Facility 
Location Tire Crumb, Dirt 


and Debris Found 


Number of (%) Questionnaire 


Participants Who Noticed Every 


Time/Often 


Number of (%) Questionnaire 


Participants Who Noticed 


Sometimes or Rarely/Never 


Body 21 (66%) 11 (34%) 


Car 24 (75%) 8 (25%) 


Home 19 (59%) 13 (41%) 


Laundry room/mudroom 15 (47%) 17 (53%) 


Living room 13 (41%) 19 (59%) 


Bedroom 12 (38%) 20 (63%) 


Bathroom 12 (38%) 20 (63%) 


4.2.7 Hygiene Practices Post-Field Use 


Concerning post-field hygiene, 47% of participants reported showering or changing clothes immediately 


after facility use, while 53% reported sometimes or rarely/never showering immediately after field use 


(Table 4-13). Approximately half of participants (53%) reported removing shoes or equipment every 


time or often before entering their homes. A majority of participants age 7 to less than 11 years (71%) 


reported rarely or never showering or changing clothes immediately after using the synthetic turf 


facility. In contrast, 57% of adult participants reported showering or changing clothes immediately after 


facility use every time. Younger children also infrequently reported removing shoes or equipment before 


entering a home, while adults and older children (11 to less than 18 years of age) more frequently 


reported (every time or often) performing these tasks. 


Table 4-13. Frequency of Hygiene Practices by Questionnaire Participants, Post-field Use 


Hygiene Practice Number of (%) Questionnaire 


Participants Engaged in Practice 


Every time/Often 


Number of (%) Questionnaire 


Participants Engaged in Practice 


Sometimes or Rarely/Never 


Shower/change clothes immediately 15 (47%) 17 (53%) 


Shoes/equipment wiped or removed 


before entering home 


17 (53%) 15 (47%) 


4.2.8 General Hygiene Practices 


Most participants (69%) reported washing their hands in general four or more times a day (Table 4-14), 


with little variation between age groups. Half of all participants reported bathing or showering between 


6 and 10 times a week (Table 4-15; most commonly 7 times per week), but frequency varied with age. 


Younger children most commonly reported showering between 5 and 7 times per week, while answers 
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were more variable for teen participants, ranging from 5 times to more than 10 times a week. The 


majority of adults reported showering 10 or more times per week. 


Table 4-14. How Many Times per Day Questionnaire Participants Generally Wash Their Hands 
Number of Times Hands Washed per Day Number of (%) Questionnaire Participants 


1-3 10 (31%) 


4+ 22 (69%) 


Table 4-15. How Often Questionnaire Participants Generally Shower or Bathe per Week 
Number of Times Bathe/Shower per Week* Number of (%) Questionnaire Participants 


0 - 5 9 (28%) 


6 - 10 16 (50%) 


11+ 7 (22%) 


*Data is presented in these categories due to the distribution of the data and small cell sizes 


4.3 Video Activity Assessments for Field Users 


4.3.1 Publicly-Available Video Assessment (Phase 1) 


Publicly-available videos of adult and youth engaged in soccer, football, and field hockey were used to 


assess specific exposure-related activity frequencies. These included hand-to-turf, body-to-turf, hand-to-


mouth, and object-to-mouth activities. These activities are likely to be important components of skin 


(dermal) and ingestion exposures for youth and adults playing sports on synthetic turf fields. (Most of 


the videos viewed in Phase 1 included actual game play; activities may be different for sports practice 


sessions). 


4.3.1.1 General Descriptive Statistics of Athletes and Fields Observed in Publicly-Available 
Videos 


Table 4-16 presents the general characteristics of the 60 athletes (20 per sport – soccer, football, and 


field hockey) and the fields that they were observed playing on in the 34 publicly-available YouTube 


videos. Fifty percent of the athletes were adults and 50% were children; of those, 63% were males (n = 


38) and 37% were females (n = 22). Gloves were worn by 37% of the players, although a portion of 


those athletes wore only one glove. Mouthguards were worn by the majority of the players (53%), but 


were not commonly observed being worn by soccer players. Of the players wearing mouthguards, only 


6% were soccer players. The 60 athletes were observed in the videos playing on both outdoor fields 


(n = 41, 68%) and indoor fields (n = 19, 32%); the majority of the videos (n = 28; 82%) were for athletes 


playing on fields with synthetic turf. 


Table 4-16. General Characteristics of the Athletes and Fields They 


Were Observed Playing on in Publicly-available Videos (Phase 1) 
Characteristic Number of (%) Athletes 


Child Athlete 30 (50%) 


Adult Athlete 30 (50%) 


Male Athletea 38 (63%) 


Female Athlete 22 (37%) 


Mouthguard Worn - Yes 32 (53%) 


Mouthguard Worn - No 28 (47%) 
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Characteristic Number of (%) Athletes 


 


   4.3.1.2 Descriptive Statistics of Micro-activity Events Observed in Publicly-available Videos 


Table 4-16.  Continued  


Glove(s) Worn - Yes 22 (37%)b 


Glove(s) Worn - No 38 (63%) 


Indoor Field 19 (32%) 


Outdoor Field 41 (68%) 


a  Males were the only sex observed playing football  on the selected videos.  
b  18% of the athletes (n = 4) wore only one glove.  


Descriptive statistics  for  the frequencies of hand-to-mouth, object-to-mouth, hand-to-turf, and body-to-


turf events per hour for the children  and  adults observed playing soccer, field hockey,  and  football in the 


publicly-available videos  are provided in Figure  4-1 and in Appendix G. The box-and-whisker plots in 


Figure 4-1 present the frequencies of the selected micro-activity contacts (events/hour) by age group 


(child or adult) and sport type.  


Children  - For all sports combined, the total mean frequencies of children’s hand-to-mouth, object-to-


mouth, hand-to-turf, and body-to-turf events  per hour on the publicly-available videos were 29 ± 47, 7.0 


± 11, 33 ± 48 and 21 ± 28  events/hr, respectively. These micro-activity events  were consistently higher  


for children playing football compared to children playing soccer or field hockey. The mean hand-to-


mouth events per hour were about four  times higher for  football players (58 ± 75  events/hr) compared to 


soccer players (14 ± 9.9  events/hr) and field hockey players (15 ± 13  events/hr; Figure 4-1 and 


Appendix G). The mean object-to-mouth events  per  hour were much  greater for football players (17 ± 


13  events/hr) than for field hockey players (3.6 ± 5.1  events/hr)  and soccer players (0.0 ± 0.0  events/hr), 


respectively. The mean  hand-to-turf events  per  hour were also much greater when playing football (83 ±  


51  events/hr) compared to soccer  (12 ± 26  events/hr) and field hockey (5.8 ± 7.5  events/hr). And the 


mean body-to-turf events were  between  8  and 18  times higher for football (52 ± 25  events/hr) players  


than for both soccer (6.4 ± 12  events/hr) and field hockey (2.8 ± 5.0  events/hr) players, respectively.  


Adults  - For all sports combined, the total mean frequencies of adults’  hand-to-mouth, object-to-mouth, 


hand-to-turf, and body-to-turf events observed on the publicly-available videos were 30 ± 65, 10 ± 22, 


42 ± 99 and 21 ± 37  events/hr, respectively (Figure 4-1 and Appendix G). Like with the children, these 


select micro-activity events  were consistently higher for  adults playing football compared to adults 


playing soccer or  field hockey. The mean hand-to-mouth events per hour were roughly 7 to 18 times 


higher for football players (74 ± 99  events/hr) compared to field hockey players  (11 ±  14  events/hr)  and 


soccer players (4.2 ± 6.5  events/hr). The mean object-to-mouth events  per hour were about 5 times  


greater for football players (25 ± 33  events/hr) than for soccer players (4.0 ± 1.3  events/hr) or  field  


hockey players (5.2 ±  9.1  events/hr). For hand-to-turf events  per  hour, the mean was  much  greater when 


playing football  (110 ±  150  events/hr) compared to playing soccer (14 ± 17  events/hr) or field hockey 


(2.4 ± 6.3  events/hr), respectively. Mean body-to-turf events  per hour  were as much as 49  times higher   


for football players  (49 ± 54  events/hr)  compared to soccer players  (11 ±  11  events/hr) and field hockey 


players  (1.2 ± 3.8  events/hr).  


63 







 


 


 
   


   


      


 


      


 


   


  


     


 


 


   


  


   


     


 


 


  


  


Figure 4-1. Box-and-whisker plots of athlete micro-activity events per hour observed on 


publicly-available video (Phase 1), by age group and sport. 


Turf Type - Welch’s t-tests were performed to determine if there were differences in the number of 


athlete (children and adults combined) individual micro-activity (hand-to-mouth, object-to-mouth, hand-


to-turf, and body-to-turf) events or total micro-activity events occurring per hour when playing on 


natural fields. The results showed that there were no significant differences in the mean number of 


individual micro-activity events per hour or total micro-activity events per hour observed in publicly-


available videos for athletes by turf type (data not shown). 


Age Group - Welch’s t-tests were run to determine if there were differences in individual micro-activity 


(hand-to-mouth, object-to-mouth, hand-to-turf, body-to-turf) events or total micro-activity events 


occurring per hour between child and adult athletes while playing on turf fields (natural and synthetic). 


The results showed that there were not any significant differences in the mean number of individual 


micro-activity events per hour or total micro-activity events per hour of athletes by age group in the 


publicly-available videos (data not shown). 


Type of Sport - In Table 4-17, a one-way ANOVA was performed to determine if there were differences 


in the number of individual micro-activity events or total micro-activity events per hour of all athletes 


(children and adults) observed in the publicly-available video, by type of sport (field hockey, football, or 


soccer). The results showed that there were significant differences in the number of individual and total 


micro-activity events per hour of these athletes by sport type. The total mean micro-activity events per 


hour were significantly higher (p<0.001) for football players (230 ± 61 events/hr) compared to field 


hockey players (23 ± 18 events/hr) or soccer players (31 ± 7.0 events/hr; Table 4-17 and Figure 4-2). In 
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addition, football players had significantly (p < 0.001) higher hand-to-mouth, object-to-mouth, hand-to-


turf, and body-turf events than either field hockey players or soccer players. Field hockey and soccer 


players, however, did not significantly differ from each other by each type of micro-activity (Table 4-


17). 


Table 4-17. One-way ANOVA Results for Select Micro-activity Events Performed per Hour by Athletes 


(Children and Adults) Observed on Publicly-available Video (Phase 1), by Sporta 


Micro-activity Field Hockey -


Events per Hour 


(mean ± standard 


deviation) 


Football -


Events per Hour 


(mean ± standard 


deviation) 


Soccer -


Events per Hour 


(mean ± standard 


deviation)a 


F-statistic p-valueb 


Hand-to-mouth 13 ± 13 66 ± 86 9.2 ± 9.6 F(2,57) = 7.93 p < 0.001 


Object-to-mouth 4.4 ± 7.2 21 ± 25 0.20 ± 0.89 F(2,57) = 11.32 p < 0.001 


Hand-to-turf 4.1 ± 6.9 96 ± 110 13 ± 1.3 F(2,57) = 11.70 p < 0.001 


Body-to-turf 2.0 ± 4.4 51 ± 41 8.8 ± 11 F(2,57) = 23.25 p < 0.001 


Total events 23 ± 18 230 ± 61 31 ± 7.0 F(2,57) = 31.11 p < 0.001 


a Number of athletes in each sport (n=20) 
b p = significance level 


Figure 4-2. Micro-activity events per hour for all athletes (children and adults) observed on 


publicly-available video (Phase 1), by sport. 
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Type of Sport by Age Group: Adults - Five one-way between-subject ANOVAs were run to determine if 


type of sport played (field hockey, football, or soccer) influenced the number of micro-activity events 


per hour of adult athletes observed on publicly-available video (Table 4-18 and Figure 4-3). The results 


showed that there was a significant difference in the total mean number of micro-activity events per hour 


of adults by sport type [F(2,27) = 12.34, p < 0.001]. The total mean number of micro-activity events per 


hour for football players (260 ± 6.8 events/hr) were significantly higher than the total mean number of 


micro-activity events per hour for field hockey players (20 ± 21 events/hr) or soccer players (30 ± 9.7 


events/hr). 


Table 4-18. ANOVA Results for Select Micro-activity Events per Hour for Adults Observed on Publicly-


available Video (Phase 1), by Type of Sporta 


Micro-activity Field Hockey -


Events per Hour 


(mean ± standard 


deviation) 


Football -


Events per Hour 


(mean ± standard 


deviation) 


Soccer -


Events per Hour 


(mean ± standard 


deviation)\ 


F-statistic p-value b 


Hand-to-mouth 11 ± 14 74 ± 99 4.2 ± 6.6 F(2,27) = 4.49 p = 0.021 


Object-to-mouth 5.2 ± 9.1 25 ± 33 0.40 ± 1.2 F(2,27) = 4.53 p = 0.020 


Hand-to-turf 2.4 ± 6.3 110 ± 54 14 ± 7.0 F(2,27) = 4.26 p = 0.024 


Body-to-turf 1.2 ± 3.8 49 ± 53 11 ± 0.80 F(2,27) = 6.41 p = 0.005 


Total events 20 ± 21 260 ± 6.8 30 ± 9.7 F(2,27) = 12.34 p < 0.001 


a Number of athletes in each sport (n=10) 
b p = significance level 


Table 4-18 shows that ANOVAs run by type of micro-activity indicated that differences by sport were 


significant for mean hand-to-mouth [F(2,27) = 4.49, p = 0.021]; object-to-mouth [F(2,27) = 4.53, p = 


0.020]; hand-to-turf [F(2,27) = 4.26, p = 0.024] and body-to-turf [F(2,27) = 6.41, p = 0.005] events per 


hour. Post-hoc analysis revealed that the number of mean hand-to-mouth events per hour were 


significantly different between soccer players and football players (p = 0.029), but were not significantly 


different between field hockey and football players or field hockey and soccer players. For mean object-


to-mouth events per hour, Tukey post-hoc analysis revealed a similar pattern of significant differences 


occurring between soccer and football players (p = 0.022) and no significant differences between field 


hockey and football players or field hockey and soccer players. Post-hoc analysis of hand-to-turf events 


showed that the mean number of hand-to-turf events per hour were significantly different for field 


hockey and football players (p = 0.033); however, hand-to-turf events per hour by soccer players were 


not significantly different from those of football players or field hockey players. In addition, mean body-


to-turf events per hour were found to be significantly different between football and soccer players (p < 


0.001) and football and field hockey players (p < 0.001), but not between soccer and field hockey 


players. 
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Figure 4-3. Micro-activity events per hour for adults observed on publicly-available video 


(Phase 1), by sport. 


Type of Sport by Age Group: Children - Five one-way between-subject ANOVAs were run to determine 


if type of sport played (field hockey, football, or soccer) influenced the mean number of micro-activity 


events per hour of child athletes observed on publicly-available video (Table 4-19 and Figure 4-4). The 


results showed that there was a significant difference (p < 0.001) in the total mean number of micro-


activity events per hour of children by type of sport. These results showed that football players had a 


significantly higher total mean number of micro-activity events per hour (210 ± 100 events/hr) than field 


hockey players (27 ± 13 events/hr) or soccer players (6.4 ± 12 events/hr). 


Table 4-19. ANOVA Results for Select Micro-activity Events per Hour for Children Observed on Publicly-


available Video (Phase 1), by Sporta 


Micro-activity Field Hockey -


Events per 


Hour (mean ± 


standard 


deviation) 


Football -


Events per 


Hour (mean 


± standard 


deviation) 


Soccer -


Events per 


Hour (mean ± 


standard 


deviation) 


F-statistic p-value b 


Hand-to-mouth 15 ± 13 58 ± 75 14 ± 9.9 F(2,27) = 3.16 p = 0.058 


Object-to-mouth 3.6 ± 5.2 17 ± 14 0.0 ± 0.0 F(2,27) = 11.82 p < 0.001 


Hand-to-turf 46 ± 7.5 83 ± 51 13 ± 21 F(2,27) = 16.77 p < 0.001 


Body-to-turf 2.8 ± 5.0 52 ± 25 12 ± 26 F(2,27) = 29.61 p < 0.001 


Total events 27 ± 13 210 ± 100 6.4 ± 12 F(2,27) = 25.77 p < 0.001 


a Number of athletes in each sport = 10 
b p = significance level 
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Figure 4-4. Micro-activity events per hour for children observed on publicly-available 


video (Phase 1), by sport. 


Table 4-19 also shows that there were not any significant differences in the children’s mean hand-to-


mouth events per hour [F(2,27) = 3.16, p = 0.058] among the three different types of sports. However, 


there were significant differences in the mean number of micro-activity events per hour for object-to-


mouth events [F(2,27) = 11.82, p < 0.001]; hand-to-turf events [F(2,27) = 16.77, p < 0.001]; and body-


to-turf events [F(2,27) = 29.61, p < 0.001] for child athletes among the three different sports (Table 4-19 


and Figure 4-4). Tukey post-hoc analysis showed that each micro-activity specific ANOVA analyzing 


differences in mean hand-to-mouth, object-to-mouth, hand-to-turf, or body-to-turf contact between 


sports, indicated that football players had a significantly greater number of micro-activity events per 


hour for each category than both field hockey and soccer players. However, the number of micro-


activity events per hour in each category did not significantly differ between soccer players and field 


hockey players. 


Glove Use - Welch’s t-tests were performed to determine if wearing at least one glove had a substantial 


impact on hand-to-mouth or hand-to-turf events per hour for adults and children combined. Athletes 


wearing gloves (n = 22, 10 ± 17 events/hr) had significantly fewer hand-to-mouth events per hour than 


those not wearing gloves [n = 38, 40 ± 67 events/hr); t(44.40) = 2.60, p = 0.012; Figure 4-5]. However, 


there was no significant difference in the mean number of hand-to-turf events per hour between athletes 


wearing gloves (n = 22, 59 ± 120 events/hr) and athletes not wearing gloves [n = 38, 25 ± 34 hr; t(23.04) 


= 1.33, p = 0.195]. For football players, player position (i.e., center or quarterback) appeared to have a 


large influence on the observed hand-to-turf events per hour (data not shown). 
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Figure 4-5. Hand-to-mouth and hand-to-turf events per hour for athletes observed on publicly-


available video (Phase 1), by glove use and by glove use and sport. 


Mouthguard Use - For children and adults combined, Welch’s t-test results showed a significantly 


higher mean number of hand-to-mouth events per hour for players wearing mouthguards (n = 32, 50 ± 


71 events/hr) compared to players not wearing mouthguards [n = 28, 5.6 ± 7.7 events/hr; t(31.85) = 3.54, 


p = 0.001; Figure 4-6]. Welch’s t-test results also showed a significantly greater mean number of object-


to-mouth events per hour for athletes wearing mouthguards (16 ± 21 events/hr) compared to athletes not 


wearing mouthguards [0.14, ± 0.76 events/hr; t(31.09) = 4.27, p < 0.001]. 
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Figure 4-6. Hand-to-mouth and object-to-mouth events per hour of athletes observed on publicly-


available video (Phase 1), by mouthguard use and by mouthguard use and sport. 


4.3.2 Exposure Pilot Study Participant Video Assessment (Phase 2) 


4.3.2.1 General Descriptive Statistics of Athletes Videoed in the Exposure Pilot Study 


Table 4-20 presents the general characteristics of the seventeen exposure pilot study participants who 


consented to being videographed playing soccer (n = 12) and football (n = 5) on synthetic turf fields. 


Results showed that 18% (n = 3) of the athletes were adults over the age of 18 (all of which played 


soccer), and 82% (n = 14) were children ages 7 to 14 (nine of which played soccer and five of which 


played football). Of these athletes, 53% (n = 9) were males, and 47% (n = 8) were females. Gloves were 


worn (on both hands) by 24% (n = 4) of the athletes, and mouthguards were also worn by 23% of 


athletes (all football players). Sixteen of the seventeen recruited athletes played on outdoor fields (94%); 


only one athlete was able to be recruited and videoed on an indoor field. (It should be noted that these 


observations were made during sports practice activities; different levels of activity may be associated 


with games). 
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Table 4-20. General Characteristics of the Athletes Observed 


Playing Soccer and Football in Exposure Pilot Study Videos (Phase 2) a 


Characteristics Number of (%) Athletes 


Child Athlete 14 (82%) 


Adult Athlete 3 (18%) 


Male Athletea 9 (53%) 


Female Athlete 8 (47%) 


Mouthguard Worn - Yes 4 (23%) 


Mouthguard Worn - No 13 (77%) 


Gloves Worn - Yes 4 (23%) 


Gloves Worn - No 13 (77%) 


a Only males were videographed playing football on synthetic turf fields 


4.3.2.2 Descriptive Statistics of Micro-Activity Events by Athletes Videoed in the Exposure 
Pilot Study 


Descriptive statistics for the frequencies of the select micro-activity events per hour for the children and 


adults videographed playing soccer or football in the Phase 2 video assessment are provided in Figure 4-


7 and in Appendix G. The box-and-whisker plots in Figure 4-7 present the frequencies of hand-to-


mouth, object-to-mouth, hand-to-turf, and body-to-turf contacts (events per hour) by age group (child or 


adult) and sport type (soccer or football). 


Children (ages 7 to 14) - For both sports combined, the total mean frequencies of the children’s hand-to-


mouth, object-to-mouth, hand-to-turf, and body-to-turf events per hour were 16 ± 12, 10 ± 13, 18 ± 23, 


and 4.7 ± 4.9, respectively. Results showed that football players had about 6 times higher mean object-


to-mouth events per hour (22 ± 17 events/hr) than soccer players (3.8 ± 3.6 events/hr; Figure 4-7 and 


Appendix G). Mean body-to-turf events per hour were about two times higher for football players (6.8 ± 


2.6 events/hr) than for soccer players (3.6 ± 5.7 events/hr). 
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Figure 4-7. Box-and-whisker plots of the micro-activity events per hour by athletes in Exposure Pilot 


Study videos (Phase 2), by age group and sport type. 


Adults (over 18 years of age) - For all adults (3 soccer players only), the total mean hand-to-mouth, 


object-to-mouth, hand-to-turf, and body-to-turf events per hour were 7.3 ± 4.0, 10 ± 13, 26 ± 28, and 2.0 


± 3.5, respectively. Results showed that the hand-to-turf contact of adult soccer players (26 ± 28 


events/hr) were about 3 times higher compared to hand-to-mouth and object-to-mouth contact and 13 


times higher than body-to-turf contacts (Figure 4-7 and Appendix G). However, these results are based 


on a small number of participants. 


Inferential Results for Athlete Micro-Activity Events - Due to the small sample size of participants (n = 


17), Welch’s t-tests were used to determine if there were significant differences in the mean number of 


micro-activity events between all athletes (children and adults) playing soccer (n = 12) and all athletes 


(children only) playing football (n = 5). Results showed that there were no significant differences in the 


mean number of individual micro-activity events (hand-to-mouth, object-to-mouth, hand-to-turf, or 


body-to turf contacts) per hour by sport (Table 4-21). However, the reader is cautioned that these results 


may be due to the small sample size. There were also no significant differences in the mean number of 


micro-activity events per hour by category for child soccer players (n = 9) compared to child football 


players (n = 5; data not shown). 
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Table 4-21. Welch’s t-test Results for Micro-activity Events Per Hour by Athletes in Exposure Pilot Study 


Videos (Phase 2), by Sporta 


Micro-activity Soccer Players -


Events per Hour 


(mean ± standard 


deviation) 


Football Players -


Events per Hour 


(mean ± standard 


deviation) 


t-statistic p-valueb 


Hand-to-mouth 16 ± 13 10 ± 5.2 t(15.0) = 1.40 p = 0.181 


Object-to-mouth 5.4 ± 7.0 22 ± 17 t(4.59) = 2.09 p = 0.096 


Hand-to-turf 19 ± 27 21 ± 10 t(15.0) = .268 p = 0.793 


Body-to-turf 3.2 ± 5.1 6.8 ± 2.6 t(14.0) = 1.93 p = 0.075 


Total events 43 ± 40 59 ± 12 t(14.4) = 1.28 p = 0.220 


a Number of athletes, Soccer (n = 12) and Football (n = 5) 
b p = significance level 


Welch’s t-tests were also performed to determine if there were significant differences in the mean 


number of hand-to-mouth or hand-to-turf events per hour for players wearing gloves (n = 4, all children) 


compared to players not wearing gloves (n = 13). Results showed that there were no significant 


differences in the number of hand-to-mouth or hand-to-turf events per hour between athletes wearing 


gloves and athletes not wearing gloves (Table 4-22); however, the reader is cautioned that these results 


may be due to the small sample size of participants. 


Table 4-22. Welch’s t-test Results for Hand-to-mouth and Hand-to-turf Events per Hour by Athletes 


in Exposure Pilot Study Videos (Phase 2), by Glove Usea 


Micro-activity Athletes Wearing Gloves -


Events per Hour (mean ± 


standard deviation) 


Athletes Not Wearing Gloves -


Events per Hour (mean ± 


standard deviation) 


t-statistic p-valueb 


Hand-to-mouth 11 ± 7.1 15 ± 12 t(9.0) = .953 p = 0.366 


Hand-to-turf 22 ± 16 18 ± 25 t(8.1) = .386 p = 0.709 


a Number of athletes wearing gloves (n = 4), not wearing gloves (n = 13) 
b p = significance level 


In addition, Welch’s t-tests were run to determine if there were significant differences in the mean 


number of hand-to-mouth or object-to-mouth events per hour for players wearing mouthguards (n = 4, 


all child football players) compared to players not wearing mouthguards (n = 13). Results showed that 


there were no significant differences for hand-to-mouth events per hour between athletes wearing 


mouthguards and athletes not wearing mouthguards (Table 4-23). However, for object-to-mouth events 


per hour, there were marginally significant differences (p = 0.057) between players wearing 


mouthguards compared to players not wearing mouthguards. 
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Table 4-23. Welch’s t-test Results for Hand-to-mouth and Object-to-mouth Events per Hour by 


Athletes in Exposure Pilot Study Videos (Phase 2), by Mouthguard Usage 
a Micro-activity Athletes Wearing 


Mouthguard -


Events per Hour (mean 


± standard deviation) 


Athletes Not Wearing 


Mouthguard -


Events per Hour (mean 


± standard deviation) 


t-statistic p-valueb 


Hand-to-mouth 11 ± 5.8 15 ± 12 t(11.5) = 1.10 p = 0.293 


Object-to-mouth 27 ± 15 5.1 ± 6.7 t(3.4) = 2.83 p = 0.057 


a Number of athletes wearing mouthguard (n = 4), not wearing mouthguard (n = 13) 
b p = significance level 


4.3.2.3 Descriptive Statistics of Activity Intensity and Duration by Athletes Videoed in the 
Exposure Pilot Study 


Descriptive statistics for the number of seconds per hour the videographed football and soccer players 


spent in the three different activity levels (resting, low activity, or high activity) while playing on 


synthetic turf fields are presented in Appendix G for children and adults. These activity levels were 


defined for the video reviewers in section 3.5.2.5 and summarized as follows. Resting included rest and 


break periods or periods of extended coaching discussion. Low activity levels included stationary 


activities or conducting drills over intervals with instruction or waiting turns in between. High activity 


levels included constant or near constant running or, for football, continual ‘plays’. 


Activity Levels: Children (ages 7 – 14) - The results showed that both child soccer players and football 


players spent the least amount of time (seconds per hour) engaged in high-level activity while playing on 


the synthetic turf fields (710 ± 410 sec/hr and 500 ± 120 sec/hr, respectively; Appendix G). Child 


football players spent the greatest amount of time resting (1800 ± 370 sec/hr), followed by low-level 


activity (1300 ± 320 sec/hr). In contrast, child soccer players spent the most amount of time engaged in 


low-level activity (1900 ± 600 sec/hr) followed by resting (1000 ± 610 sec/hr; Appendix G). (It should 


be noted that these observations were made during sports practice activities; different levels of activity 


may be associated with games). 


Activity Levels: Adults (over 18 years of age) - For the three adult soccer players, they spent the greatest 


amount of time engaged in low-level activity (1400 ± 37 sec/hr) followed by resting (1200 ± 320 sec/hr), 


while practicing on the synthetic turf field (Appendix G). (It should be noted that these observations 


were made during sports practice activities; different levels of activity may be associated with games).  


Inferential Results for Athlete Activity Levels - Due to the small sample size and the consistent 


dispersion pattern, adults and children were combined (n = 17), and an ANOVA was run to determine if 


there were significant differences in the amount of time (in seconds) that the athletes spent engaged in 


the three different activity levels while playing soccer and football on the synthetic turf fields. The 


results showed that there was a significant difference in the amount of time spent (seconds/hour) among 


the three activity levels for the athletes playing both sports combined (F(2,47) = 14.03, p < 0.001; Figure 


4-8). Tukey post-hoc analysis indicated that these athletes spent significantly less time in high-level 


activity (700 ± 370 sec/hr) compared to resting (1300 ± 590 sec/hr) and low-level activity (1600 ± 530 


sec/hr; data not shown). However, there was no significant difference in the amount of time athletes 


spent resting and at low activity levels (Figure 4-8). 


Using Welch’s t-tests, the results showed, however, that there was a significant difference [t(11.3) = 


3.04, p = 0.011] in the amount of time spent resting between soccer players (1100 ± 550 sec/hr) and 
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football players (1800 ± 370 sec/hr). There were also significant differences [t(14.3) = 2.25, p = 0.040] 


in the amount of time engaged at the high activity level between soccer players (790 ± 400 sec/hr) and 


football players (500 ± 120 sec/hr; Table 4-24 and Figure 4-9). It is important to note that all of the 


participants were videoed while engaged in sports practice sessions. Activity levels and their durations 


may be different for game situations. These results are also based primarily on youth sports, with only a 


small number of adults. 


Figure 4-8. Box-and-whisker plots of the mean amount of time all 


athletes spent (seconds/hour) at the three different activity levels in 


Exposure Pilot Study videos (Phase 2). 


Table 4-24. Welch’s t-test Results for the Mean Amount of Time Athletes in Exposure Pilot Study Videos (Phase 


2) Spent (Seconds/hour) in the Three Different Activity Levels, by Sporta 


Activity Level Soccer Players -


Seconds per Hour 


Spent at Activity Level 


(mean ± standard 


deviation) 


Football Players -


Seconds per Hour 


Spent at Activity Level 


(mean ± standard 


deviation) 


t-statistic p-value b 


Resting 1100 ± 550 1800 ± 370 t(11.3) = 3.04 p = 0.011 


Low activity 1700 ± 560 1300 ± 320 t(13.0) = 1.86 p = 0.086 


High activity 790 ± 400 500 ± 120 t(14.3) = 2.25 p = 0.040 


a Number of athletes, Soccer (n = 12), Football (n = 5) 
b p = significance level 
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Figure 4-9. The proportion of time athletes in Exposure Pilot Study videos (Phase 2) spent 


participating at the three different activity levels in one hour, by sport. (*significant 


difference between sports, p<0.05) 


Welch’s t-tests were also performed to determine if there were differences in the three different activity 


levels by gender (8 females and 9 males). The results showed that there were not any significant 


differences in the amount of time for any activity level (resting, low activity, or high activity) between 


female athletes and male athletes (Table 4-25 and Figure 4-10). 


Table 4-25. Welch’s t-test Results for the Mean Amount of Time Athletes in Exposure Pilot Study Videos 


(Phase 2) Spent (Seconds/hour) at the Three Different Activity Levels, by Gendera 


Activity Level Female Players -


Seconds per Hour Spent 


at Activity Level (mean 


± standard deviation) 


Male Players -


Seconds per Hour Spent 


at Activity Level (mean 


± standard deviation) 


t-statistic p-value b 


Resting 1100 ± 620 1400 ± 540 t(14.1) = 1.24 p = 0.237 


Low Activity 1800 ± 580 1500 ± 470 t(13.6) = 1.17 p = 0.264 


High Activity 730 ± 430 680 ± 320 t(12.9) = .278 p = 0.786 


a Number of athletes, Female (n = 8), Male (n = 9) 
b p = significance level 


Proportion of Different Activity Levels 
During One Hour by Gender 


100.0% 


0.0% 


Resting Low Activity High Activity 


Females Males 


Figure 4-10. The proportion of time athletes in Exposure Pilot Study videos (Phase 2) spent 


participating at the three different activity levels, by gender. 
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4.4 Exposure Measurement Pilot Study Meta-Data Summaries 


For the exposure pilot study, meta-data were collected around and during the field and participant 


measurements to provide information about conditions and activities that might affect or explain field 


and personal exposure measurement results. Meta-data types included weather conditions, field and 


surrounding area conditions, sport types, participant activities and clothing, and the overall activity 


levels at the study field and surrounding fields. 


Table 4-26 provides an overview of the exposure measurement pilot study activities performed across 


two or more days at the three fields. At Outdoor Field 1, exposure pilot study participants were recruited 


from both soccer and football teams that used the field at different times of day. Air sampling at this 


field was performed during a soccer practice with study participants on one day and during a football 


practice with study participants on a second day. Air samples were also collected during youth soccer 


practice activities at another outdoor field (Outdoor Field 2) and at an indoor field (Indoor Field 1). In 


some cases, there was more than one practice group on the study field at a time; in these cases, the team 


or group with study participants typically used one half of the study field. Personal sampling, including 


personal air sampling and dermal wipe sampling, was performed with 25 of the athletes participating in 


the exposure pilot study. Field surface wipe, drag sled, and dust sample collections were performed at 


these fields when there were no athletic activities on the field. 


Table 4-26. Exposure Pilot Study Field Measurement Overview 
Pilot Study 


Activity 


Outdoor 


Field 1 – 
Day 1 


Outdoor 


Field 1 – 
Day 2 


Outdoor 


Field 1 – 
Day 3 


Outdoor 


Field 2 – 
Day 1 


Outdoor 


Field 2 – 
Day 2 


Outdoor 


Field 2 – 
Day 3 


Outdoor 


Field 2 – 
Day 4 


Outdoor 


Field 2 – 
Day 5 


Indoor 


Field – 
Day 1 


Indoor 


Field – 
Day 2 


Field Air 


Sampling 


Yes Yes No Yes No No No No No Yes 


Field Surface 


Wipe, Drag 


Sled and Dust 


Sampling 


No Yes No No Yes No No No Yes No 


Participant 


Sport 


Soccer Football Football Soccer N/A Soccer Soccer Soccer N/A Soccer 


Number of 


Practice 


Groups 


1 2 2 1 0 2 2 2 0 1 


Personal 


Sampling 


(Number of 


Athletes 


Sampled) 


3 4 4 1 0 3 4 4 0 2 


Emissions of some organic chemicals associated with tire crumb rubber infill are affected by 


temperature, with higher emissions at warmer temperatures, so attempts were made to perform field and 


personal exposure measurements during warm to hot and dry conditions. Wind speed affects the 


concentration of emitted chemicals above fields by affecting the rate at which the air above the field is 


replaced by air that has not been impacted by emissions from field materials. The amount of tire crumb 


rubber infill and field dust particles that athletes were exposed to could depend, in part, on the amount 


and types of activities occurring on the field; higher-level, more intense activities may lead to 


suspension of more particulates in the air around athletes. 


77 







 


 


 


      


  


 


 


 


 


 


 


  


  


 


This exposure pilot study was successful at obtaining measurements under conditions that likely 


represent the potential for higher inhalation exposures at each field − on days with warm to hot 


temperatures, dry conditions, and on most days, relatively low wind, with high-level activity occurring 


on the fields. Table 4-27 provides more detailed weather, field, and activity information for each day on 


which participant exposure measurement activities occurred. Air temperature, field surface temperature, 


and wind speed and direction were measured at the beginning, middle, and end of the exposure 


measurement period at each field and recorded. Maximum air temperatures 1 meter above the fields 


ranged from 23 to 35 °C. It was sunny or partly cloudy on each sampling day, and maximum field 


surface temperatures ranged from 28 to 42 °C. With exception of the first day, practices were conducted 


after school in the late afternoon and early evening, so the temperatures decreased rapidly after 


sundown. Wind speeds (1-minute average) ranged from 1.7 to 6.7 km/h for practices at the outdoor 


fields, with no wind present at the indoor field. Many athletes, coaches, and bystanders were present on 


or at the study fields during most study measurement periods. Most study periods also had moderate to 


high numbers of people using an adjacent synthetic turf field and, on some days, adjacent grass fields as 


well. 
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Table 4-27. Field Conditions and Overall Activities During Time Periods When Personal Exposure Measurement Sample Collection Activities 


Were Performed at Synthetic Turf Fields 


Condition or Activity Outdoor 


Field 1 – 
Day 1 – 


Outdoor 


Field 1 – 
Day 2 


Outdoor 


Field 1 – 
Day 3 


Outdoor 


Field 2 – 
Day 1 


Outdoor 


Field 2 – 
Day 3 


Outdoor 


Field 2 – 
Day 4 


Outdoor 


Field 2 – 
Day 5 


Indoor 


Field – 
Day 2 


Participant Sport on Study Field Soccer Football Football Soccer Soccer Soccer Soccer Soccer 


Activity on Study Field Practice Practice Practice Practice Practice Practice Practice Practice 


Field Air Sampling Performed Yes Yes No Yes No No No Yes 


Average Field Air Temperature 


(°C at 1-m height) 


32 24 22 30 20 22 25 27 


Maximum Field Air Temperature 


(°C at 1-m height) 


33 29 23 35 25 26 30 28 


Minimum Field Air Temperature 


(°C at 1-m height) 


32 21 21 24 14 15 21 26 


Average Field Surface Temperature (°C) 36 25 24 31 20 25 26 28 


Maximum Field Surface Temperature (°C) 39 33 28 42 29 34 34 29 


Minimum Field Surface Temperature (°C) 32 20 20 23 14 14 20 27 


Average 1-minute Average Wind Speed 


(km/h at 1-meter height) 


5.7 3.1 6.7 1.7 1.9 3.4 3.8 0 


Maximum 1-minute Wind Speed 


(km/h at 1-meter height) 


14.1 6.5 12 1.8 3.7 5.6 3.8 0 


Conditionsa D,S D,S,C D,P D,S,C D,S,C D,S,C D,S,P,C D,S,C 


Number of Athletes at Study Synthetic Turf 


Field 


16 - 22 18 - 38 28 – 36 43 – 55 13 - 65 23 – 36 38 - 58 9 - 11 


Number of Coaches and Bystanders at Study 


Synthetic Turf Field 


3 - 18 9 - 13 14 – 22 5 – 24 9 - 19 5 – 35 20 - 32 14 - 16 


Number of People at Adjacent Synthetic Turf 


Field(s) 


0 - 26 0 - 28 18 – 32 63 – 72 7 - 45 25 – 30 32 - 48 0 


Number of People at Adjacent Grass Field(s) 0 0 - 80 30 - 60 0 - 18 0 - 10 0 - 10 0 - 14 0 


a D = dry field; S = sunny; C = clear after sundown; P = partly cloudy 
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Athlete exposures to chemicals associated with tire crumb rubber infill at synthetic turf fields may be 


influenced by the activity duration, activity types, frequency of contact with field materials, and the 


clothing and equipment the athletes wear. Higher activity levels may lead to higher inhalation of 


airborne chemicals and particles through increased rates of respiration. Higher activity levels can also 


lead to increased sweat production that may lead to increased adherence of field dust to the skin. 


Increased contact with field materials may lead to increased skin (dermal) exposures, as could higher 


amounts of exposed skin. Likewise, higher hand-to-field, hand-to-mouth, and object-to-mouth 


frequencies may lead to higher ingestion exposures. 


Information on each of these metrics was collected for each participant during their study measurement 


period. With exception of athlete clothing and equipment, this information was collected and recorded at 


the start and end of the practice and at intervals of approximately 30 minutes during practice; this 


resulted in three to six observations over the duration of their on-field activities. Athlete clothing and 


equipment was observed and recorded once for each participant during the practice. Results for these 


metrics were summarized across the three sports and age groups and are shown in Tables 4-28 and 4-29. 


Because these were practice sessions during summer conditions, all participants wore short-sleeved 


shirts and short pants, leaving exposed arm and skin surfaces (Table 4-28). A few soccer players wore 


goalie gloves for relatively short periods during practice. Although attempts were made to recruit full-


time soccer goalies, none volunteered to participate in the study; this means that the study did not 


include the soccer position likely to experience the greatest field contact frequency. Football players 


were required to wear protective pads, helmets, and mouthguards during practice; several football 


players also wore gloves. With the use of mouthguards, football players had higher rates of object-to-


mouth events (although these frequencies were only counted in the video data analysis). 


Table 4-28. Summaries of Observed Participant Clothing and Safety Equipment in Exposure Pilot Study 


Clothing/Safety Equipment Worn % Soccer Players 


Age 11 – 21 (n = 11) 


% Soccer Players 


Age 7 – 10 (n = 6) 


% Football Players 


Age 13 – 14 (n = 8) 


Short-sleeved shirt 100 100 100 


Short pants 100 100 100 


Socks – high 64 100 0 


Socks – medium 36 0 63 


Socks – low 0 0 37 


Gloves 18 0 50 


Helmet 0 0 100 


Pads 0 0 100 


Mouthguard 0 0 100 


Practice durations ranged from approximately one hour for the youngest soccer player group to 


approximately 1.5 to 2 hours for other soccer and football groups (data not shown). The total time spent 


at/on the field ranged from 1 to 2.5 hours, when the times immediately before and after practices were 


included. Information on the type of activities, physical activity levels, and athlete contact with the 


surface of the synthetic turf field was collected for each athlete regularly throughout the duration of the 


practice (Table 4-29). 
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Table 4-29. Summaries of Observed Participant Activities in Exposure Pilot Study 


Participants Types of 


Participant 


Activitiesa 


Number of 


Activity 


Observations 


per Personb 


Total 


Number of 


Activity 


Observations 


Estimated Activity Levelsc 


(Average % of Total 


Activity Observations 


Across Participants) 


Contact with Synthetic Turf Field Surface 


(Average % of Total Activity Observations 


Across Participants) 


Estimated Frequency of 


Contact with Field Surface 


High Medium Low Yes No Hand Arm Leg Body Face/Head ≥ 1/min ≥ 1/5min < 1/5min 


Soccer Players 


Age 11 – 21 (n=11) 


S,W,R,D,M 5 – 6 51 37 59 4 20 80 5 10 20 6 4 7 10 2 


Soccer Players 


Age 7 – 10 (n=6) 


D,M 3 – 5 23 35 56 9 7 93 7 0 7 0 0 3 0 3 


Football Players 


Age 13 – 14 (n=8) 


W,R,D,M 5 – 6 43 15 75 10 59 31 63 21 25 21 3 25 38 0 


a S = stretching, on field; W = warmup activities; R = running, not as part of drills or scrimmage; D = practice drills; M = practice scrimmage 
b Participant activities observed and recorded at start, end, and approximately every 30 minutes during sampling period; observation periods were approximately 5 minutes 
c High activity level included constant movement (running or drills or for football, continual “plays”); medium activity level included intermittent movement (running or drills 


over intervals with instruction or waiting in between); low activity level included watching teammates, periods of extended coaching instruction or discussion, and rest or break 


periods 
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Participant activities during their sports practices included stretching; warm-up activities; running (not 


as part of drills or scrimmages); practice drills including ball-kicking exercises; sport skills drills and 


offensive and defensive team drills; and within-team practice scrimmages. Note that in this phase of the 


research project, activity levels were categorized as low, medium and high, rather than resting, low and 


high, as was done in the video assessments because the at-field observations typically did not include 


rest periods and water break times. On average, soccer players had longer durations of high-level 


physical activity compared to football players, although football players had higher frequencies of hand 


and body contact with the field than the soccer players (Table 4-29). 


4.5 Exposure Pilot Study Measurement Results 


In the exposure pilot study, several types of samples were collected − field environment samples, 


personal samples, and biological samples. Field environment samples included field and off-field 


(background) air samples, field surface wipe samples, drag sled samples, and dust samples collected 


from each field. Researchers used specified sampling locations (Figure 4-11), although air sampling 


locations varied with wind direction. Field air samples were analyzed for total suspended particulates, 


metals, VOCs and SVOCs; field surface wipe samples and dust samples were analyzed for metals and 


SVOCs, and drag sled samples were analyzed for SVOCs. Personal samples included personal air 


samples collected during the activity for VOC analysis and dermal wipe samples collected from the 


hand, arm and leg of each participant immediately after the sport practice and analyzed for metals and 


SVOCs. Urine and blood samples were collected before and after practices for a subset of participants. 


Urine samples were analyzed for select PAH metabolites, and blood samples were analyzed for select 


metals. The numbers and types of field environment, personal, biological, and quality control samples 


that were collected are shown in Table 4-30, and results of these analyses are presented in the following 


report sub-sections. 


Figure 4-11. Sample collection locations of field air, field wipe, drag sled, and dust samples. 


Collection locations for air samplers was dependent on wind direction. 
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Table 4-30. Types and Numbers of Samples and Quality Control Samples for the Exposure Pilot Study 
Sample Type Analytea Number 


Samples 


Number 


Duplicate 


Samplesb 


Number 


Field 


Blanksb 


Number 


Field 


Controlsb 


Number 


Lab 
bBlanks


Number 


Lab 


Controlsb 


Field Air PM 12 4 5 0 5 0 


Field Air Metals 12 4 5 0 5 0 


Field Air VOCs (active) 12 4 5 5 5 5 


Field Air VOCs (passive) 12 4 5 5 5 5 


Field Air SVOCs 12 4 5 5 5 5 


Field Surface Wipe Metals 9 3 4 4 4 4 


Field Surface Wipe SVOCs 9 3 4 4 4 4 


Field Drag Sled SVOCs 9 3 4 4 4 4 


Field Dust Metals 3 0 4 4 4 4 


Field Dust SVOCs 3 0 4 4 4 4 


Personal Air VOCs 24 0 0 0 0 0 


Personal Dermal Metals 75 0 5 5 5 5 


Personal Dermal SVOCs 75 0 5 5 5 5 


Biological Urine Pre-Activity 14 0 0 0 0 0 


Biological Urine Post-Activity 14 0 0 0 0 0 


Biological Blood Pre-Activity 13 0 0 0 0 0 


Biological Blood Post-Activity 11 0 0 0 0 0 


Totals 319 29 55 45 55 45 


a PM = particulate matter; VOC = volatile organic compound; SVOC = semivolatile organic compound 
b Quality control samples 


4.5.1 Field Environment Sample Measurements 


4.5.1.1 Field Air Samples 


Air samples were collected to assess the potential for inhalation exposures for athletes during sports 


activities at synthetic turf fields. Field air samples were collected during four sport practices conducted 


at three synthetic turf fields. Air temperatures were warm to hot during the air sample collection on all 


four field air sample collection days. As noted in section 4.2.4, samples were collected on two different 


days at Outdoor Field 1 during soccer and football practices and on one day at Outdoor Field 2 and an 


indoor field, both during soccer practices. Field air samples were collected at two locations that were 


next to the field, in downwind positions (for the outdoor fields), and at another (off-field) location that 


was upwind and further away from the field for samples representative of the background, or ambient, 


air that was entering the field area. 


At Outdoor Field 1, there were no obvious large pollutant sources in the immediate upwind vicinity of 


the fields. On the first day of air sampling (i.e., during the soccer practice), the wind came from a 


direction that brought it across both an adjacent synthetic turf field, as well as the field where study 


activities were performed. On the second day (i.e., during the football practice), the wind was coming 


from a direction that did not come over the adjacent field. 


At Outdoor Field 2, there was a six-lane road with very heavy traffic upwind of the facility. The facility 


had two synthetic turf fields and participants spent time on both fields during the practice session. On 


the air sampling day, the wind brought air across the road, across one synthetic turf field, and then 
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across the second synthetic turf field. The background samples were collected at a position downwind 


from the road and upwind from the synthetic turf fields. One set of field samples was collected 


downwind from the first synthetic turf field and upwind from the second synthetic turf field. The second 


field sample set was collected on the downwind side of the second field, at a location receiving air that 


had come across both synthetic turf fields at the facility. 


At the indoor field, the background samples were collected at a position outside of the field facility. This 


background position may have been affected by road dust from a nearby gravel driveway. The field 


samples were collected inside the facility and immediately next to the field, on opposite sides of the 


field. A large gable mounted fan and open doors provided some ventilation in the facility during the 


soccer practice session. 


Particulate Matter - The Teflo membrane disk filters from the two field air samplers and one upwind 


(off-field) background air sampler at each field were analyzed for total suspended particulate (TSP). Air 


TSP measurement results are shown in Table 4-31. Typically, the TSP concentrations for samples 


collected at the fields were not higher than the concentrations measured in the (off-field) background 


samples. The background sample collected outside of the indoor facility was not included in the average, 


however, because it was apparently impacted by dust from a nearby gravel drive.   


Table 4-31. Exposure Pilot Study Field Air Sampling Total Suspended Particulate (TSP) Measurements a 


Field Air Sample 


Location 


Number 


Samples 


TSP Median 


(µg/m3) 


TSP Mean 


(µg/m3) 


TSP Std. Dev. 


(µg/m3) 


TSP Maximum 


(µg/m3) 


Field – Location 1 4 28 39 30 83 


Field – Location 2 4 26 29 16 50 


Off-field/Backgroundb 3b 32 30 19 49 


a Average results for samples collected at three exposure pilot study synthetic turf fields. At each field, two air samples were 


collected at the field and one air sample was collected at an upwind (off-field) location to represent background air. Samples 


were collected on two different days at one field, resulting in a total of four sets of air samples. 
b The background sample measurement from the indoor field was not included, because it was contaminated by road dust. 


Metals - The Teflo membrane disk filters from the two field air samplers and one upwind (off-field) 


background air sampler at each field were also analyzed for metals. Air metals measurement results are 


shown in Table 4-32. Beryllium and selenium were not measured above the minimum reporting limit in 


any sample. Except for arsenic, cadmium, cobalt and rubidium, all metals were measured above the 


minimum reporting limits (MRL) in 100% of the samples. For most metals, the median concentrations 


in the samples collected at the two field locations were not substantially different than concentrations 


measured in the background samples. However, maximum concentrations were substantially higher than 


background levels for many metals. Air concentrations of many metal analytes associated with tire 


crumb rubber were higher in the indoor field facility compared to the outdoor field and background 


levels. 
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Table 4-32. Exposure Pilot Study Field Air Sampling Metals Measurements a 


Metal > Minimum 


Reporting 


Limit (%) 


Background 


Air Sample 


Median (ng/m3) 


Field Air Sample 


Location 1 


Median (ng/m3) 


Field Air Sample 


Location 2 


Median (ng/m3) 


Field Air Sample 


Max (ng/m3) 


Arsenic 50 0.44 0.46 0.36 0.76 


Cadmium 75 0.054 0.017 0.066 0.25 


Chromium 100 3.5 3.8 3.4 6.7 


Cobaltb 33 0.69 0.21 0.19 2.5 


Lead 100 1.8 2.0 2.2 3.9 


Zinc 100 30 100 19 640 


Aluminum 100 420 330 180 1000 


Antimony 100 0.74 0.61 0.95 7.0 


Barium 100 12 13 7.5 62 


Copper 100 20 7.0 10 51 


Iron 100 750 490 340 870 


Magnesium 100 160 110 100 510 


Manganese 100 27 13 9.8 27 


Molybdenum 100 0.16 0.17 0.17 0.89 


Nickel 100 0.58 1.5 1.1 15 


Rubidiumb 25 0.57 0.27 0.23 1.8 


Strontium 100 3.5 2.7 2.2 6 


Tin 100 0.64 0.84 0.97 4.9 


Vanadium 100 1.3 0.88 0.70 1.5 


a Median and maximum results for samples collected at the three exposure pilot study synthetic turf fields. At each field, two 


air samples were collected at the field and one air sample was collected at an upwind (off-field) location to represent 


background air. Samples were collected on two different days at one field, resulting in a total of four sets of air samples. 


Median results were calculated using all measurements from the outdoor fields and indoor field. 
b Although cobalt and rubidium had < 50% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the MRLs, were used in the calculation of median 


values. 


Air concentration results are shown for cobalt, lead, and zinc in Figure 4-12. The background results for 


Field 3 are not shown due to likely contamination with road dust. The background zinc concentration at 


Field 2 was slightly below zero after field blank subtraction. The figure illustrates the higher levels 


measured at the indoor field compared to the outdoor fields for cobalt and zinc. The concentrations of 


lead in air at Field 2 may have been impacted by the proximity to heavy traffic that was present upwind 


of the field during the sampling period. 
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Figure 4-12. Concentrations of cobalt, lead, and zinc in air samples collected next to fields and 


at upwind background sample collection locations. 


SVOCs - The polyurethane foam (PUF) filters from the two field air samplers and one upwind (off-field) 


background air sampler at each field were analyzed for SVOCs. Air SVOC measurement results are 


shown in Table 4-37. Seventeen (17) of the 35 SVOC analytes reported in Table 4-33 were measured 


above the minimum quantifiable limits (MQL) in 100% of the samples. Measurement results below the 


MQL were included in calculation of median results. Some negative values are reported as a result of 


field blank subtractions. Several analytes are not included in Table 4-33 due to low recoveries in field 


control samples, including aniline, naphthalene, n-butylbenzene, 2-bromomethylnaphthalene, and 


bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate. 


Several PAHs, benzothiazole, 4-tert-octylphenol, and bis(2-ethylhexyl) phthalate had median 


concentrations in field samples that were higher than concentrations measured in background samples. 


Concentrations of the 5- and 6-ring PAHs that are only present in air as part of air particulates 


(benzo[a]pyrene, benzo[ghi]perylene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(e)pyrene, 


dibenz[a,h]anthracene, and indeno(1,2,3-cd)pyrene) were very low to not measurable (Table 4-33). For 


many SVOCs, maximum concentrations were substantially higher than background levels. Air 
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concentrations of most SVOC analytes were higher in the indoor field facility compared to the outdoor 


fields and background levels (data not shown); this was a factor in median field concentrations being 


higher than median background concentrations. 


a,b,c Table 4-33. Exposure Pilot Study Field Air Sampling SVOC Measurements 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit  (%) 


Background 


Air Sample 


Median (ng/m3) 


Field Air Sample 


Location 1 


Median (ng/m3) 


Field Air Sample 


Location 2 


Median (ng/m3) 


Field Air Sample 


Max (ng/m3) 


Phenanthrene 100 2.0 4.5 5.7 35 


Fluoranthene 100 0.37 0.90 1.3 9.9 


Pyrene 17 0.15 0.54 0.89 15 


Benzo[a]pyrene 0 0 0 0 0.030 


Benzo[ghi]perylene 33 0.013 0 0 0.23 


Sum15PAHd N/Ae 3.2 8.4 10 70 


Benzothiazole 100 -3.9 6.5 15 214 


Dibutyl phthalate 100 12 7.4 19 102 


Bis(2-ethylhexyl) phthalate 100 7.5 15 11 77 


4-tert-octylphenol 100 1.7 5.4 11 68 


n-Hexadecane 100 -0.13 -14 -5.5 14 


1-Methylnaphthalene 100 -0.16 -0.0965 -0.11 0.70 


2-Methylnaphthalene 100 -0.46 -0.25 -0.34 0.58 


Acenaphthylene 58 -0.013 0.19 0.16 0.46 


Fluorene 100 0.98 2.1 1.9 4.6 


Anthracene 17 0.059 0.053 0.30 4.7 


1-Methylphenanthrene 92 0.12 0.45 0.57 6.8 


2-Methylphenanthrene 25 0.16 0.64 0.74 7.0 


3-Methylphenanthrene 83 0.21 0.81 0.94 8.9 


Benz[a]anthracene 0 0.022 0.013 0.015 0.18 


Chrysene 17 0.013 0.034 0.047 0.26 


Benzo(b)fluoranthene 0 0 0 0 0.29 


Benzo(k)fluoranthene 0 0 0 0 0 


Benzo(e)pyrene 0 0.022 0 0.015 0.21 


DBA + ICDP 0 0 0 0 0 


Coronene 0 0 0 0 0.26 


Dibenzothiophene 100 0.26 0.44 0.52 6.1 


Dimethyl phthalate 100 0.43 0.40 0.32 1.4 


Diethyl phthalate 100 -11 -3.2 3.0 38 


Benzyl butyl phthalate 100 6.4 4.8 11 75 


Di-n-octyl phthalate 42 0.46 -0.58 -0.41 7.9 


2,6-Di-tert-butyl-p-cresol 100 0.93 0.31 -0.003 10 


Cyclohexylisothiocyanate 0 0 0 0 0 


a Median and maximum results for samples collected at the three exposure pilot study synthetic turf fields. At each field, two 


air samples were collected at the field and one air sample was collected at an upwind (off-field) location to represent 


background air. Samples were collected on two different days at one field, resulting in a total of four sets of air samples. 


Median results were calculated using all measurements from the outdoor fields and indoor field. 
b Although several chemicals had < 50% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 
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median values. 
c Several results are reported as negative values. This is a result of the subtraction of field blank values from the sample 


measurement results. Although this does not represent a physical reality, the negative results are retained as part of the 


distribution of corrected results. 
d Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
e N/A = not applicable 
f DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene 


Air concentration results are shown for several SVOCs in Figure 4-13. Values that appear to be missing 


are near or slightly below zero after field blank subtraction. The figure illustrates the higher levels 


measured at the indoor fields compared to the outdoor fields for these SVOC analytes. Except for 


dibutyl phthalate, the concentrations next to the outdoor fields were slightly higher than those measured 


at the upwind background location for these analytes. The concentrations of several analytes at Field 2 


may have been impacted by the proximity to heavy traffic that was present upwind of the field during 


the sampling period. 


Figure 4-13. Concentrations of several SVOCs in air samples collected next to fields and at 
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upwind background sample collection locations. 


VOCs - The Carbopack™ X FLM sorbent tube samples from the two field air samplers and one upwind 


(off-field) background air sampler at each field were analyzed for VOCs. Air VOC measurement results 


are shown in Table 4-34. For seventeen (17) of the 29 SVOC analytes reported in Table 4-34, 100% of 


the measurements had results above the method detection limits. Measurement results below the method 


limit of detection were included in calculation of median and maximum results. Some negative values 


are reported as a result of field blank subtractions. Methyl isobutyl ketone and benzothiazole, found to 


be associated with tire crumb rubber in the chamber emission experiments, had median concentrations in 


next-to-field samples that were consistently higher than concentrations measured in background 


samples. Air concentrations of methyl isobutyl ketone and benzothiazole were higher in the indoor field 


facility compared to outdoor field and background levels. Several VOCs, including the BTEX 


compounds and styrene, had their highest levels at the outdoor field that was potentially impacted by 


traffic pollutants. 


Table 4-34. Exposure Pilot Study Field Air Sampling VOC Measurementsa,b 


Volatile Organic Compound (VOC) > Method 


Detection 


Limit (%) 


Background 


Air Sample 


Median (ng/m3) 


Field Air Sample 


Location 1 


Median (ng/m3) 


Field Air Sample 


Location 2 


Median (ng/m3) 


Field Air 


Sample Max 


(ng/m3) 


Methyl isobutyl ketone 83 160 430 820 1900 


Benzothiazole 17 41 69 96 1600 


1,3-Butadiene 100 24 28 13 50 


Styrene 100 92 92 200 670 


Benzene 100 500 400 360 590 


Toluene 100 2100 1400 1300 5300 


Ethylbenzene 100 200 160 170 740 


m/p-Xylene 100 650 500 510 2400 


o-Xylene 100 150 140 190 520 


SumBTEXc N/Ad 3700 2700 2500 9500 


trans-2-Butene 100 14 17 9.8 31 


cis-2-Butene 100 12 15 10 33 


4-Ethyltoluene 75 42 42 40 52 


1,3,5-Trimethylbenzene 83 24 22 25 45 


1,1-Dichloroethene 0 0.72 13 6.7 17 


1,1-Dichloroethane 58 9.8 11 20 23 


cis-1,2-Dichloroethene 0 0 0 0 0 


1,2-Dichloroethane 67 26 55 60 95 


1,1,1-Trichloroethane 50 43 43 42 59 


Carbon tetrachloride 100 720 760 730 1200 


1,2-Dichloropropane 0 0 0 0 0 


Trichloroethylene 0 12 13 12 41 


Tetrachloroethylene 100 53 52 64 150 


Chlorobenzene 100 20 22 22 37 


m-Dichlorobenzene 75 10 23 11 30 


p-Dichlorobenzene 100 30 32 31 34 


o-Dichlorobenzene 100 1.8 5.0 2.3 23 
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Table 4-34. Continued 


Volatile Organic Compound (VOC) > Method 


Detection 


Limit (%) 


Background 


Air Sample 


Median (ng/m3) 


Field Air Sample 


Location 1 


Median (ng/m3) 


Field Air Sample 


Location 2 


Median (ng/m3) 


Field Air 


Sample Max 


(ng/m3) 


Trichlorofluoromethane (Freon™ 11) 100 1300 1300 1300 1400 


Dichlorodifluoromethane (Freon™ 12) 100 330 340 370 520 


1,1,2-Trichlorotrifluoroethane (Freon™ 
113) 


100 570 560 540 620 


a Median and maximum results for samples collected at the three exposure pilot study synthetic turf fields. At each field, two 


air samples were collected at the field and one air sample was collected at an upwind (off-field) location to represent 


background air. Samples were collected on two different days at one field, resulting in a total of four sets of air samples. 


Median results were calculated using all measurements from the outdoor fields and indoor field. 
b Although several chemicals had ≤50% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 


median values. 


c SumBTEX = Sum of benzene, toluene, ethylbenzene, m/p-xylene, and o-xylene 


d N/A = not applicable 


Air concentration results are shown for methyl isobutyl ketone, benzothiazole, benzene, and styrene in 


Figure 4-14. The background value that appears to be missing for methyl isobutyl ketone at Field 1 is 


near zero. The figure illustrates the higher levels measured at the indoor fields compared to the outdoor 


fields for methyl isobutyl ketone and benzothiazole, two analytes associated with tire crumb rubber. 


Levels of these two chemicals were higher at the next to field locations as compared to the background 


locations at all fields. Benzene illustrates that for the BTEX chemicals the levels at the indoor and 


outdoor fields are not different and appear to be related to the concentrations in ambient air. The 


concentrations of several analytes at Field 2 may have been impacted by the proximity to heavy traffic 


that was present upwind of the field during the sampling period. 
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Figure 4-14. Concentrations of methyl isobutyl ketone, benzothiazole, benzene, and styrene 


in air samples collected next to fields and at upwind background sample collection locations. 


4.5.1.2 Field Surface Wipe, Drag Sled and Dust Samples 


Field surface wipe and drag sled samples were collected to measure chemicals that may be transferrable 


from synthetic turf field surfaces to athletes’ skin during sport activities. Field dust was collected to 


provide information about a medium that may be important for inhalation, dermal, and ingestion 


exposures. Samples were collected at the three synthetic turf fields when it was safe to do so without 


posing an obstruction or safety hazard for any activities occurring on the field. Separate surface wipe, 


drag sled, and dust samples were collected at three locations on the field (Figure 4-11). Dust samples 


were collected from the three locations at each field and were composited at the field to provide 


sufficient mass for metal and SVOC analyses. 


Metals in Field Dust Samples - The composited dust samples from each field were analyzed for metals. 


Field dust metals measurement results are shown in Table 4-35. It should be noted that because the dust 


samples were collected with stainless-steel sieves, contributions of stainless steel metal components to 


the measured sample concentrations cannot be ruled out. Selenium was not measured above the 


minimum reporting limit in any sample. Except for tin and vanadium, the remaining metals were 


measured above their minimum reporting limits in at least two of the three field dust samples. Average 


concentrations for zinc and cobalt, two tire material constituents based on previous tire crumb rubber 


characterization, were measured at 9400 mg/kg and 45 mg/kg, respectively. Average lead and chromium 


concentrations were 38 mg/kg and 13 mg/kg, respectively. Cadmium and arsenic were measured at 


average concentrations that were ≤ 0.5 mg/kg. Other metals commonly found in crustal particles (i.e., 
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soil and other matter from Earth’s crust), including aluminum, iron, and magnesium, were measured at 


average levels ≥ 1700 mg/kg. 


Table 4-35. Exposure Pilot Study Field Dust Sampling Metals Measurementsa,b 


Metal > Minimum 


Reporting 


Limit (%) 


Field Dust 


Sample Mean 


(mg/kg) 


Field Dust Sample 


Standard Deviation 


(mg/kg) 


Field Dust Sample 


Maximum 


(mg/kg) 


Arsenic 67 0.50 0.95 1.1 


Cadmium 67 0.044 0.61 0.42 


Chromiumc 67 13 3.7 15 


Cobalt 100 45 2.3 48 


Lead 67 38 11 50 


Zinc 100 9400 2900 11000 


Aluminum 100 4700 400 5100 


Antimony 67 1.9 0.58 2.3 


Barium 67 93 14 108 


Beryllium 67 0.14 0.056 0.20 


Copper 100 140 87 210 


Ironc 100 7700 3400 12000 


Magnesium 100 1700 580 2300 


Manganesec 100 170 30 200 


Molybdenumc 67 0.99 0.25 1.3 


Nickelc 100 8.9 2.9 11 


Rubidium 100 10 5.2 13 


Strontium 100 26 8.5 33 


Tin 33 1.8 1.5 3.5 


Vanadium 33 7.4 2.9 11 


a Results from samples collected across the three exposure pilot study synthetic turf fields. At each field, dust was collected 


from three on-field locations (Figure 4-24, locations S1, S2 and S5) and combined to create a single composite sample for the 


field. 
b Although two chemicals had <67% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 


mean values. 
c These metals may be components of stainless steel 316; a stainless-steel sieve was used for sample collection. 


Metals in Field Surface Wipe Samples - Field surface wipe samples collected using Ghost wipe sample 


media pre-wetted with water were analyzed for metals. Metals measurement results from field surface 


wipe samples are shown in Table 4-36. Selenium was not measured above the minimum reporting limit 


in any sample. The remaining metals were measured at concentrations above the minimum reporting 


limit in 100% of the samples. Average surface loading values for zinc and cobalt ranged from 93 to 170 


ng/cm2 and from 0.4 to 1.4 ng/cm2, respectively. Ranges of average lead and chromium concentrations 


were 0.3 to 3.4 ng/cm2 and 0.25 to 1.1 ng/cm2, respectively. Cadmium and arsenic were measured at 


average surface loadings that were ≤ 0.021 ng/cm2. Other metals commonly found in crustal particles, 


including aluminum, iron, and magnesium, were found at average surface loading levels that were > 20 


ng/cm2. 
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Table 4-36. Exposure Pilot Study Field Surface Wipe Sampling Metals Measurementsa 


Metal > Minimum 


Reporting 


Limit (%) 


Field Surface 


Wipe Sample – 
Location S1 


Mean (ng/cm2) 


Field Surface 


Wipe Sample – 
Location S2 


Mean (ng/cm2) 


Field Surface 


Wipe Sample – 
Location S5 


Mean (ng/cm2) 


Field Surface 


Wipe Sample 


Maximum 


(ng/cm2) 


Arsenic 100 0.012 0.015 0.021 0.033 


Cadmium 100 0.0044 0.0068 0.0070 0.015 


Chromium 100 0.25 0.50 1.1 2.6 


Cobalt 100 0.64 1.4 0.40 2.2 


Lead 100 0.31 1.4 3.4 9.5 


Zinc 100 93 130 170 360 


Aluminum 100 130 110 120 190 


Antimony 100 0.051 0.098 0.19 0.42 


Barium 100 1.5 1.3 1.4 1.8 


Beryllium 100 0.00051 0.0005 -0.00007 0.0023 


Copper 100 0.92 0.78 1.1 2.1 


Iron 100 150 130 190 270 


Magnesium 100 24 22 25 37 


Manganese 100 2.2 1.8 2.0 3.5 


Molybdenum 100 0.027 0.029 0.038 0.069 


Nickel 100 0.12 0.13 0.17 0.27 


Rubidium 100 0.17 0.15 0.15 0.24 


Strontium 100 0.40 0.35 0.40 0.63 


Tin 100 0.58 0.34 0.072 1.7 


Vanadium 100 0.37 0.29 0.26 0.71 


a Average results from samples collected across the three exposure pilot study synthetic turf fields. Each set of field 


measurements had wipe samples collected at three on-field locations (Figure 4-24, locations S1, S2 and S5). 


SVOCs in Field Dust Samples - The composited dust samples from each field were analyzed for SVOCs. 


Field dust SVOC measurement results are shown in Table 4-37. Of the 35 target SVOC analytes 


reported in Table 4-37, 29 were measured above the minimum quantifiable limit in 100% of the 


samples. 2-methlnaphthylene was not measured above the method detection limit in any samples. 


Aniline, napthalene, n-butylbenzene, cyclohexylisothiocyanate, 2-bromomethylnaphthalene, bis(2-


ethylhexyl) adipate, and bis(2,2,6,6-tetramethyl-4piperidyl) sebacate measurement results were not 


reported due to poor performance in one or more quality control sample type. 


Average concentrations ranged from 0.006 mg/kg for 1-methlynaphthalene to 24 mg/kg for bis(2-


ethylhexyl) phthalate. The average mean sum of 15 PAHs was 19 mg/kg. Averaged benzothiazole and 


2-hydroxybenzothiazole mean concentrations were 4.3 mg/kg and 9.4 mg/kg, respectively. 


Table 4-37. Exposure Pilot Study Field Dust Sampling SVOC Measurements a,b 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Field Dust 


Sample Mean 


(mg/kg) 


Field Dust Sample 


Standard 


Deviation (mg/kg) 


Field Dust Sample 


Maximum (mg/kg) 


Phenanthrene 100 0.85 0.61 1.2 


Fluoranthene 100 2.2 1.4 3.5 


Pyrene 100 5.5 3.4 8.1 
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Table 4-37. Continued 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Field Dust 


Sample Mean 


(mg/kg) 


Field Dust Sample 


Standard 


Deviation (mg/kg) 


Field Dust Sample 


Maximum (mg/kg) 


Benzo[a]pyrene 100 0.71 0.36 1.1 


Benzo[ghi]perylene 100 3.7 0.97 4.8 


Sum15PAHc N/Ad 19 9.9 29 


Benzothiazole 100 4.3 1.5 5.9 


2-Hydroxybenzothiazole 100 9.4 6.6 14 


Dibutyl phthalate 67 0.33 0.46 0.86 


Bis(2-ethylhexyl) phthalate 100 24 16 43 


4-tert-octylphenol 100 5.2 4.1 8.6 


n-Hexadecane 100 0.14 0.22 0.40 


1-Methylnaphthalene 100 0.0063 0.0025 0.0086 


2-Methylnaphthalene 0 0.014 0.0061 0.020 


Acenaphthylene 100 0.012 0.0038 0.016 


Fluorene 100 0.034 0.024 0.050 


Anthracene 100 0.15 0.10 0.25 


1-Methylphenanthrene 100 0.52 0.39 0.83 


2-Methylphenanthrene 100 0.63 0.48 1.0 


3-Methylphenanthrene 100 0.71 0.55 1.2 


Benz[a]anthracene 100 0.38 0.27 0.67 


Chrysene 100 3.0 1.9 5.1 


Benzo(b)fluoranthene 100 1.4 1.0 2.6 


Benzo(k)fluoranthene 100 0.32 0.24 0.60 


Benzo(e)pyrene 100 1.5 0.48 2.0 


DBA + ICDPe 100 0.65 0.34 1.0 


Coronene 100 1.9 0.45 2.4 


Dibenzothiophene 100 0.10 0.080 0.17 


Dimethyl phthalate 67 0.029 0.046 0.082 


Diethyl phthalate 33 0.10 0.13 0.25 


Diisobutyl phthalate 100 0.29 0.34 0.66 


Benzyl butyl phthalate 100 15 24 43 


Di-n-octyl phthalate 67 0.14 0.12 0.23 


2,6-Di-tert-butyl-p-cresol 100 0.11 0.063 0.15 


a Results from samples collected across the three exposure pilot study synthetic turf fields. At each field, dust was collected 


from three on-field locations (Figure 4-11, locations S1, S2 and S5) and combined to create a single composite sample for the 


field. 
b Although several chemicals had ≤67% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 


mean values. 
c Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
d N/A = not applicable 
e DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene 
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SVOCs in Field Surface Wipe Samples - The field surface wipe samples collected using wipe sample 


media pre-wetted with isopropanol were analyzed for SVOCs. Field surface wipe SVOC measurement 


results are shown in Table 4-38. Of the 31 target SVOC analytes reported in Table 4-38, 17 were 


measured above the minimum quantifiable limit in 100% of the samples. Some negative values are 


reported as a result of field blank subtractions. Measurement results below the minimum quantifiable 


limit were included in calculation of average results. Aniline, n-butylbenzene, diethyl phthalate, n-


hexadecane, 2-bromomethylnaphthalene, 2-hydroxybenzothiazole, diisobutyl phthalate, dibutyl 


phthalate, benzyl butyl phthalate, and bis(2,2,6,6-tetramethyl-4piperidyl) sebacate measurement results 


were not reported due to poor performance in one or more quality control sample type. 


Average surface loading values ranged from 0.12 to 0.20 ng/cm2 for benzothiazole, 0.13 to 0.18 ng/cm2 


for bis(2-ethylhexyl) phthalate, 0.08 to 0.12 ng/cm2 for 4-tert-octylphenol, and 0.08 to 0.11 ng/cm2 for 


the sum of 15 PAHs. Most other SVOC analytes had average surface loading values that were < 0.03 


ng/cm2. 


Table 4-38. Exposure Pilot Study Field Surface Wipe Sampling SVOC Measurementsa,b 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Surface Wipe 


Sample – 
Location S1 


Mean (ng/cm2) 


Surface Wipe 


Sample – 
Location S2 


Mean (ng/cm2) 


Surface Wipe 


Sample – 
Location S5 


Mean (ng/cm2) 


Surface Wipe 


Sample 


Maximum 


(ng/cm2) 


Phenanthrene 89 0.0050 0.0059 0.0037 0.0098 


Fluoranthene 100 0.014 0.015 0.011 0.024 


Pyrene 100 0.028 0.034 0.023 0.064 


Benzo[a]pyrene 78 0.0039 0.0049 0.0029 0.0086 


Benzo[ghi]perylene 100 0.019 0.020 0.015 0.033 


Sum15PAHc N/Ad 0.099 0.11 0.078 0.19 


Benzothiazole 100 0.16 0.20 0.12 0.26 


Bis(2-ethylhexyl) phthalate 100 0.18 0.15 0.13 0.28 


4-tert-octylphenol 100 0.12 0.12 0.079 0.30 


Naphthalene 0 0.00002 0 0 0.00006 


1-Methylnaphthalene 100 0.00035 0.00076 0.00058 0.0010 


2-Methylnaphthalene 0 0.00059 0.0015 0.0011 0.0017 


Acenaphthylene 67 0.00035 0.00031 0.0001 0.00064 


Fluorene 89 0.00008 0.00017 0.00003 0.00032 


Anthracene 100 0.00057 0.00083 0.0004 0.00155 


1-Methylphenanthrene 100 0.0032 0.0039 0.0029 0.0077 


2-Methylphenanthrene 67 0.0031 0.0039 0.0024 0.0061 


3-Methylphenanthrene 100 0.0034 0.0043 0.0029 0.0069 


Benz[a]anthracene 89 0.0023 0.0034 0.0019 0.0063 


Chrysene 100 0.017 0.018 0.013 0.027 


Benzo(b)fluoranthene 100 0.0046 0.0054 0.0035 0.0091 


Benzo(k)fluoranthene 67 0.0011 0.0012 0.00096 0.0021 


Benzo(e)pyrene 100 0.0061 0.0069 0.0049 0.011 


DBA + ICDPe 89 0.0026 0.0031 0.0022 0.0057 


Coronene 100 0.015 0.016 0.011 0.029 


Dibenzothiophene 78 0.00022 0.00039 0.00015 0.00097 


Dimethyl phthalate 33 0.00034 0.00016 0.00009 0.00089 
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Table 4-38. Continued 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Surface Wipe 


Sample – 
Location S1 


Mean (ng/cm2) 


Surface Wipe 


Sample – 
Location S2 


Mean (ng/cm2) 


Surface Wipe 


Sample – 
Location S5 


Mean (ng/cm2) 


Surface Wipe 


Sample 


Maximum 


(ng/cm2) 


Di-n-octyl phthalate 100 0.0018 0.0028 -0.0017 0.0071 


2,6-Di-tert-butyl-p-cresol 100 0.0061 0.010 0.0097 0.023 


Cyclohexylisothiocyanate 56 0.035 -0.018 -0.012 0.059 


bis(2-Ethylhexyl) adipate 100 0.057 0.031 0.018 0.095 


a Average results from samples collected across the three exposure pilot study synthetic turf fields. Each set of field 


measurements had wipe samples collected at three on-field locations (Figure 4-11, locations S1, S2 and S5). 
b Although several chemicals had ≤67% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 


mean values. 
c Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
d N/A = not applicable 
e DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene 


SVOCs in Field Drag Sled Samples - The field drag sled samples collected using dry wipe sample media 


attached to a weighted drag sled body were analyzed for SVOCs. Field drag sled SVOC measurement 


results are shown in Table 4-39. Of the 35 target SVOC analytes reported in Table 4-39, 32 were 


measured above the minimum quantifiable limit in 100% of the samples. Aniline, n-butylbenzene, 


cyclohexylisothiocyanate, 2-bromomethylnaphthalene, bis(2-ethylhexyl) phthalate, and bis(2,2,6,6-


tetramethyl-4piperidyl) sebacate measurement results were not reported due to poor performance in one 


or more quality control sample type. 


Average transferrable residue values ranged from 0.011 to 0.019 ng/cm2 for benzothiazole, 0.031 to 


0.054 ng/cm2 for 2-hydroxybenzothiazole, 0.010 to 0.015 ng/cm2 for 4-tert-octylphenol, and 0.019 to 


0.033 ng/cm2 for the sum of 15 PAHs. Most other SVOC analytes had transferrable residue values that 


were < 0.01 ng/cm2. 


Table 4-39. Exposure Pilot Study Field Drag Sled Sampling SVOC Measurementsa 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Drag Sled 


Sample – 
Location S1 


Mean (ng/cm2) 


Drag Sled 


Sample – 
Location S2 


Mean (ng/cm2) 


Drag Sled 


Sample – 
Location S5 


Mean (ng/cm2) 


Drag Sled 


Sample 


Maximum 


(ng/cm2) 


Phenanthrene 100 0.0012 0.0020 0.0016 0.0036 


Fluoranthene 100 0.0027 0.0045 0.0035 0.0079 


Pyrene 100 0.0053 0.0088 0.0070 0.015 


Benzo[a]pyrene 100 0.00095 0.0017 0.0016 0.0038 


Benzo[ghi]perylene 100 0.0029 0.0048 0.0037 0.0079 


Sum15PAHb N/Ac 0.019 0.033 0.027 0.058 


Benzothiazole 100 0.011 0.019 0.016 0.034 


2-Hydroxybenzothiazole 100 0.031 0.054 0.049 0.094 


Dibutyl phthalate 100 0.00099 0.00005 0.0005 0.0021 


4-tert-octylphenol 100 0.010 0.015 0.012 0.026 


96 







 


 


 


  


  


 


 


 


  


 


  


 


  


 


 


 


 


      


      


      


      


      


      


      


      


      


      


      


      


      


      


      


       


      


      


      


      


      


      


      


      


      


   


   


  


 


   


  


  


  
 


    


 


  


 


 


Table 4-39. Continued 


Semivolatile Organic 


Compound (SVOC) 


> Minimum 


Quantifiable 


Limit (%) 


Drag Sled 


Sample – 
Location S1 


Mean (ng/cm2) 


Drag Sled 


Sample – 
Location S2 


Mean (ng/cm2) 


Drag Sled 


Sample – 
Location S5 


Mean (ng/cm2) 


Drag Sled 


Sample 


Maximum 


(ng/cm2) 


n-Hexadecane 100 0.00095 0.0012 0.0013 0.0022 


Naphthalene 100 0.0001 0.00011 0.00012 0.00028 


1-Methylnaphthalene 100 0.00006 0.00008 0.00006 0.00017 


2-Methylnaphthalene 100 0.00009 0.0001 0.00009 0.00026 


Acenaphthylene 89 0.00002 0.00004 0.00003 0.00008 


Fluorene 100 0.00006 0.00007 0.00006 0.00011 


Anthracene 100 0.00015 0.00025 0.00018 0.00034 


1-Methylphenanthrene 100 0.00069 0.0011 0.00083 0.0016 


2-Methylphenanthrene 100 0.00086 0.0014 0.0012 0.0026 


3-Methylphenanthrene 100 0.00098 0.0016 0.0013 0.0030 


Benz[a]anthracene 100 0.00057 0.0010 0.00078 0.0019 


Chrysene 100 0.0032 0.0058 0.0046 0.011 


Benzo(b)fluoranthene 100 0.0008 0.0012 0.0010 0.0023 


Benzo(k)fluoranthene 89 0.00045 0.0019 0.0018 0.0039 


Benzo(e)pyrene 100 0.0024 0.0044 0.0037 0.0085 


DBA + ICDPd 100 0.00035 0.0006 0.00045 0.0010 


Coronene 100 0.0016 0.0022 0.0015 0.0028 


Dibenzothiophene 100 0.00007 0.00012 0.00008 0.00016 


Dimethyl phthalate 100 0.00014 0.00006 0.00007 0.00026 


Diethyl phthalate 100 0.0019 0.00058 0.00094 0.0042 


Diisobutyl phthalate 100 0.0019 0.00077 0.00099 0.0029 


Benzyl butyl phthalate 100 0.021 0.010 0.0083 0.042 


Di-n-octyl phthalate 100 0.0023 0.0011 0.00091 0.0055 


2,6-Di-tert-butyl-p-cresol 100 0.00078 0.0004 0.00059 0.0018 


bis(2-Ethylhexyl) adipate 100 0.0041 0.0030 0.0017 0.0058 


a Average results from samples collected across the three exposure pilot study synthetic turf fields. Each set of field 


measurements had drag sled samples collected at three on-field locations (Figure 4-11, locations S1, S2 and S5). 
b Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
c N/A = not applicable 
d DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene 


4.5.1.3 Comparisons of Tire Crumb Rubber Infill, Field Surface Wipe, Drag Sled, and Dust 
Measurement Results 


Comparisons of metal and SVOC measurement results from tire crumb rubber infill (sampled as part of 


the tire crumb rubber characterization efforts), field dust, field surface wipe, and field drag sled samples 


collected at the three exposure pilot study synthetic turf fields were made to assess differences in the 


chemicals and chemical patterns among the environmental measurements and the chemicals associated 


with the tire crumb rubber. 


97 







 


 


   


 


  


  


 


 


 


 


 


 


  


       


        


  


 


 


   


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


    


     
   


 


  


Metal Measurement Comparisons - Table 4-40 shows the comparisons for average metal measurement 


results across the three exposure measurement pilot study fields. Zinc and cobalt, found to be chemical 


constituents of tire crumb rubber in the tire crumb characterization, had higher concentrations in the tire 


crumb rubber as compared to concentrations measured in dust. Lead, on the other hand, had 


concentrations in field dust that were higher than in the tire crumb rubber. Higher levels of lead in dust 


and relatively higher levels in surface loadings as compared to zinc and cobalt, suggests another source 


of lead, in addition to tire crumb rubber infill. Most other metals also had higher average concentrations 


in field dust compared to the tire crumb rubber infill. Again, this suggests another source or sources of 


metals in addition to the tire crumb rubber infill. Many of the metals (e.g. aluminum, iron, magnesium) 


are found in crustal materials, and may be from components of sand or other materials used in field 


construction, blown-in soil from other sources, or track-in by the many field users. Several of the metals 


also are used in stainless steel, and the stainless-steel sieve used for dust sample collection can’t be ruled 


out as a source of iron, chromium, manganese, molybdenum and nickel. Interpretation of differences 


between concentrations in tire crumb rubber and surface loadings of metals measured using surface 


wipes is more difficult. In general, the ratios of metals in tire crumb rubber infill and surface loadings 


measured with surface wipe samples were higher for most metals than those measured for zinc and 


cobalt, again perhaps suggesting non-infill sources contributing to overall surface metal levels. 


Table 4-40. Comparison of Average Tire Crumb Rubber Infill, Field Dust, and Field 


Surface Wipe Metal Measurement Results from the Three Exposure Pilot Study Fieldsa 


Metal Tire Crumb Rubber 


Infill Average (mg/kg) 


Field Dust Average 


(mg/kg) 


Field Surface Wipe 


Average (ng/cm2) 


Arsenic 0.12 0.5 0.016 


Cadmium 0.63 0.044 0.0061 


Chromium 1.1 13b 0.62 


Cobalt 118 45 0.81 


Lead 16 38 1.7 


Zinc 13900 9400 130 


Aluminum 1200 4700 120 


Antimony 0.80 1.9 0.11 


Barium 69 93 1.4 


Beryllium 0.066 0.14 0.0003 


Copper 14 140 0.93 


Iron 500 7700b 160 


Magnesium 270 1700 24 


Manganese 6.3 170b 2 


Molybdenum 0.15 0.99b 0.031 


Nickel 2.3 8.9b 0.14 


Rubidium 1.9 10 0.16 


Strontium 4.1 26 0.38 


Tin 1.6 1.8 0.33 


Vanadium 1.9 7.4 0.31 


a Average results from samples collected across the three exposure pilot study synthetic turf fields. 
b These metals may be components of stainless steel 316; a stainless-steel sieve was used to collect dust samples. 
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SVOC Measurement Comparisons - Comparisons for SVOCs measured in tire crumb rubber infill, field 


dust, field surface wipe, and field drag sled samples are shown in Table 4-41 for analytes with 


acceptable performance in at least three of the four sample types. Concentrations in tire crumb rubber 


infill were higher than those in field dust by a factor of 1.3 to 3-fold for benzothiazole, pyrene, the sum 


of 15 PAHs, 4-tert-octylphenol, and bis(2-ethyhexyl) phthalate. Concentrations of several 5- and 6-ring 


PAHs in tire crumb rubber infill were generally similar to or slightly higher than those in field dust, 


while the opposite was observed for benzo[ghi]perylene and coronene. Field surface loading 


measurements from surface wipes were generally 3 to 10 times higher than transferrable residues from 


the drag sled measurements. 


For most of the measured SVOC analytes, there did not appear to be appreciable contributions to the 


dust and surfaces from sources other than the tire crumb rubber, or at least not as great as those 


potentially seen for many metal analytes. The PAHs benzo[ghi]perylene and coronene were modestly 


higher in field dust than in the tire crumb rubber infill, on average and benzyl butyl phthalate was 21 


times higher in dust versus infill, suggesting a possible non-infill source. 


Table 4-41. Comparison of Average Tire Crumb Rubber Infill, Field Dust, Field Wipe, and Drag Sled SVOC 


Measurement Results from the Three Exposure Pilot Study Fieldsa,b 


Semivolatile Organic 


Compound (SVOC) 


Tire Crumb Infill 


Average (mg/kg) 


Field Dust Average 


(mg/kg) 


Field Surface 


Wipe Average 


(ng/cm2) 


Field Drag Sled 


Average (ng/cm2) 


Phenanthrene 1.6 0.85 0.0049 0.0016 


Fluoranthene 4.1 2.2 0.013 0.0036 


Pyrene 12 5.5 0.028 0.0070 


cBenzo[a]pyrene 0.93 0.71 0.0039 0.0014 


Benzo[ghi]perylenec 1.9 3.7 0.018 0.0038 


Sum15PAHc 28 19 0.096 0.026 


Benzothiazole 5.5 4.3 0.16 0.015 


Dibutyl phthalate 1.2 0.33 NR 0.00051 


Bis(2-ethylhexyl) phthalate 73 24 0.15 NR 


4-tert-octylphenol 15 5.2 0.11 0.012 


n-Hexadecane 0.47 0.14 NR 0.0012 


1-Methylnaphthalene 0.0057 0.0063 0.00056 0.00007 


2-Methylnaphthalene 0.011 0.014 0.0011 0.00009 


Acenaphthylene 0.022 0.012 0.00025 0.00003 


Fluorene 0.062 0.034 0.00009 0.00006 


Anthracene 0.24 0.15 0.0006 0.00019 


1-Methylphenanthrene 1.2 0.52 0.0033 0.00087 


2-Methylphenanthrene 1.2 0.63 0.0031 0.0012 


3-Methylphenanthrene 1.7 0.71 0.0035 0.00129 


Benz[a]anthracene 0.76 0.38 0.0025 0.00078 


Chrysene 4.1 3.0 0.016 0.0045 


Benzo(b)fluoranthenec 1.4 1.4 0.0045 0.001 


Benzo(k)fluoranthenec 0.50 0.32 0.0011 0.0014 


Benzo(e)pyrenec 2.2 1.5 0.0060 0.0035 


DBA + ICDPc,e 0.68 0.65 0.0026 0.00047 


Coronenec 0.74 1.9 0.014 0.0018 


99 







 


 


 


  


  


 


  


 


 


     


     


     


     


     


     


     


     


     


 
   


    


  


 


   


  


 


 


 


  


  


  


 


 


 


 


 


 


 


  


   


 


  


Table 4-41. Continued 


Semivolatile Organic 


Compound (SVOC) 


Tire Crumb Infill 


Average (mg/kg) 


Field Dust Average 


(mg/kg) 


Field Surface 


Wipe Average 


(ng/cm2) 


Field Drag Sled 


Average (ng/cm2) 


Dibenzothiophene 0.21 0.10 0.00025 0.00009 


Dimethyl phthalate 0.0031 0.029 0.00020 0.00009 


Diethyl phthalate 0.13 0.10 NR 0.0011 


Diisobutyl phthalate 0.71 0.29 NR 0.0012 


Benzyl butyl phthalate 0.70 15 NR 0.013 


Di-n-octyl phthalate 0.51 0.14 0.00097 0.0014 


Bis(2-ethylhexyl) adipate 2.4 NR 0.035 0.0029 


2,6-Di-tert-butyl-p-cresol 0.097 0.11 0.0086 0.00059 


2-Hydroxybenzothiazole 15 9.4 NR 0.045 


a Average results from three exposure pilot study fields. 
b NR = not reported 
c Group of 5 and 6-ring polycyclic aromatic hydrocarbons (PAHs) 
d Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
e DBA + ICDP = Sum of Dibenz[a,h]anthracene and Indeno(1,2,3-cd)pyrene 


Overall, these results provide evidence that chemicals associated with tire crumb rubber are present in 


field dust, on field surfaces, and in transferrable residues, where they are available for field user 


exposures through inhalation, dermal, and ingestion pathways. For many metals, and possibly some 


SVOCs, there is evidence that sources other than the tire crumb rubber are adding to amounts found in 


the dust and on surfaces, potentially leading to exposures above those that could be attributed solely to 


the tire crumb rubber.  


4.5.2 Personal Sample Measurements 


4.5.2.1 Personal Air Samples 


Personal air sample collection during athlete activities on synthetic fields is of interest for understanding 


inhalation exposures closer in proximity to the person than can be accounted for by the field samplers. 


There are constraints on personal sampling devices due to available device sizes, the relatively high 


sampling rates required, and participant safety requirements for athlete personal air monitoring, 


especially when working with child research participants. In this study, a small, high-sampling-rate 


passive VOC air sampler was used to attempt personal air sample collection during athlete activities. 


The passive VOC air sampler was attached to the upper backs of a pinnie (i.e., practice jersey) worn by 


study participants during their usual athletic practice sessions on synthetic turf fields. When collecting 


air samples from the football players, one sampler was destroyed and another damaged during drills that 


involved ground contact. Otherwise, all personal air samples were successfully collected and did not 


appear to interfere with any athlete activities. 


To be useful for quantitative measurements of VOCs in air, the effective sampling rates of the target 


analytes had to be determined. Effective sampling rates were measured in two ways – in chambers under 


controlled conditions of temperature, humidity, ventilation and target analyte concentrations; and in field 


tests, where the passive VOC samplers were placed next to the active field air VOC samplers. Test 
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results showed that the passive VOC sampler did not perform as desired in this exposure measurement 


pilot study, with inconsistent effective sampling rates measured for laboratory chamber and field 


conditions, and low recoveries of the two highest concentration analytes, benzothiazole and methyl 


isobutyl ketone. Therefore, no personal air sample VOC results are reported here. 


Additional research would be required to determine if any personal air sampling devices can be 


successfully used in research studies with youth participants, with sufficiently large effective sampling 


rates, and with no safety or activity limitation constraints. It may be necessary to limit personal air 


sampling to adult volunteers willing to wear more bulky samplers with pumps; however, this may limit 


the types of activities that can be monitored. It is difficult to envision a pump-based sampler that could 


be worn successfully and safely during football activities that involve tackling, or by other sports 


players, such as soccer goalkeepers and rugby players.  


4.5.2.2 Dermal Wipe Samples 


Dermal wipe samples were collected from exposure measurement pilot study participants following their 


sport practice activities on synthetic turf fields with tire crumb rubber infill. Wipe samples were 


collected by wiping an entire hand, and wiping 112-cm2 areas on the arm and leg that were not covered 


by clothing during their practice. Samples were collected from the right hand, arm, and leg for metals 


and from the left hand, arm, and leg for SVOCs. For both metals and SVOCs, the same types of wipe 


materials used to collect field surface wipes were used for dermal wipe sampling. 


Dermal wipe measurement results were compiled as median and maximum values for hand, arm, and leg 


wipes for three groups of participants: 


• Soccer players, 11 to 21 years old (n = 11), 


• Soccer players, 7 to 10 years old (n = 6), and 


• Football players, 13 to 14 years old (n = 8) 


There are limitations for dermal wipe sampling. First, samples were collected only at the end of practice 


because the time burden for collection and availability of athletes with sufficient lead times prior to 


practice was limited. This means that a portion of some chemicals collected at the end of the practice 


period may have been from exposures that occurred before the athletes practiced on the fields; in this 


case, the measured amounts may overestimate the exposures that occurred during the sports practice. 


Second, the sampling efficiencies for the numerous target analytes have not been tested for the wipe 


methods that were used for this study. Thus, the amount of chemicals collected from the skin may be 


underestimates. Finally, dermal sampling can only collect chemicals present at the skin surface at the 


time of sampling. This approach cannot account for chemicals that may have already been absorbed into 


or through the skin, nor can it provide an accurate measurement of what would be absorbed through skin 


following the measurement. For example, chemicals on the skin may be removed after a sports practice 


due to dislodgement, hand washing and/or showering. Despite these limitations, the dermal wipe 


sampling provided valuable information about the potential for dermal exposures that had previously 


been identified as a large data gap in understanding potential tire crumb rubber exposures on athletic 


fields. 


Metals - Dermal wipe samples were collected using Ghost wipe sample media pre-wetted with water. 


Mean dermal wipe metals measurement results are shown in Table 4-42. Selenium was not measured 


above the method detection limit in any sample. The remaining metals were measured at concentrations 


above the minimum reporting limit in 100% of the samples, with exception of beryllium, which was 
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measured above the minimum reporting limit in 61% or more of the samples. Some negative values are 


reported as a result of field blank subtractions. Median dermal loading values for zinc and cobalt, two 


tire material constituents, ranged from 4.1 to 54 ng/cm2 and from 0.012 to 0.084 ng/cm2, respectively. 


Ranges of median lead and chromium dermal loadings were 0.027 to 0.27 ng/cm2 and 0.027 to 0.31 


ng/cm2, respectively. Cadmium and arsenic were measured at median surface loadings that were < 0.1 


ng/cm2. Other metals commonly found in crustal particles, including aluminum, iron and magnesium, 


were found at median levels that ranged from 9.9 - 140 ng/cm2. 


There was considerable variability in dermal loading measurements within sport/age groups, with 


percent relative standard deviation (%RSD) values often exceeding 100% (data not shown). Due to these 


large variabilities and the relatively small sample sizes, statistical comparisons between groups were not 


performed. In general, median dermal loadings for hand measurements in soccer players age 7 to 10 


were higher than those in the other two groups for most metal analytes. Otherwise, there were no clear 


patterns of differences in dermal loading between the sports and/or age groups. 


Table 4-42. Exposure Pilot Study Participant Dermal Wipe Measurement Results for Selected Metals a 


Metal Participants % > 


Minimum 


Reporting 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand Wipe 


Maximum 


(ng/cm)2 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm Wipe 


Maximum 


(ng/cm2) 


Leg Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Arsenic Soccer Players, 


Age 11 – 21 


100 0.031 0.055 0.059 0.11 0.072 0.18 


Arsenic Soccer Players, 


Age 7 – 10 


100 0.020 0.22 0.021 0.041 0.018 0.14 


Arsenic Football Players, 


Age 13 – 14 


100 0.024 0.059 0.070 0.34 0.073 0.19 


Cadmium Soccer Players, 


Age 11 – 21 


100 0.007 0.013 0.005 0.054 0.009 0.046 


Cadmium Soccer Players, 


Age 7 – 10 


100 0.010 0.016 0.0084 0.012 0.007 0.013 


Cadmium Football Players, 


Age 13 – 14 


100 0.006 0.042 0.019 0.14 0.014 0.038 


Chromium Soccer Players, 


Age 11 – 21 


100 0.098 0.19 0.027 0.37 0.090 1.1 


Chromium Soccer Players, 


Age 7 – 10 


100 0.31 0.59 0.16 0.34 0.30 0.71 


Chromium Football Players, 


Age 13 – 14 


100 0.10 0.53 0.23 0.31 0.28 0.69 


Cobalt Soccer Players, 


Age 11 – 21 


100 0.020 0.047 0.027 0.13 0.012 0.51 


Cobalt Soccer Players, 


Age 7 – 10 


100 0.082 0.46 0.063 0.10 0.084 0.45 


Cobalt Football Players, 


Age 13 – 14 


100 0.033 0.12 0.023 0.080 0.080 0.20 


Lead Soccer Players, 


Age 11 – 21 


100 0.056 0.16 0.027 0.28 0.043 1.2 


Lead Soccer Players, 


Age 7 – 10 


100 0.20 0.41 0.076 0.33 0.18 0.34 


Lead Football Players, 


Age 13 – 14 


100 0.085 0.38 0.093 0.24 0.27 0.66 
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Table 4-42. Continued 


Metal Participants % > 


Minimum 


Reporting 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand Wipe 


Maximum 


(ng/cm)2 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm Wipe 


Maximum 


(ng/cm2) 


Leg Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Zinc Soccer Players, 


Age 11 – 21 


100 18 65 15 170 38 230 


Zinc Soccer Players, 


Age 7 – 10 


100 41 140 17 120 13 170 


Zinc Football Players, 


Age 13 – 14 


100 4.1 28 40 98 54 86 


Aluminum Soccer Players, 


Age 11 – 21 


100 30 65 41 160 25 430 


Aluminum Soccer Players, 


Age 7 – 10 


100 100 330 65 210 97 270 


Aluminum Football Players, 


Age 13 – 14 


100 43 150 33 110 110 320 


Antimony Soccer Players, 


Age 11 – 21 


100 0.032 0.061 -0.0048 0.10 0.010 0.22 


Antimony Soccer Players, 


Age 7 – 10 


100 0.079 0.20 0.04 0.098 0.045 0.33 


Antimony Football Players, 


Age 13 – 14 


100 0.033 0.14 0.053 0.59 0.064 0.17 


Barium Soccer Players, 


Age 11 – 21 


100 0.81 6.0 1.2 2.6 0.45 4.2 


Barium Soccer Players, 


Age 7 – 10 


100 1.8 5.3 1.1 2.7 1.3 4.8 


Barium Football Players, 


Age 13 – 14 


100 1.1 2.7 0.83 4.2 1.8 4.2 


Beryllium Soccer Players, 


Age 11 – 21 


91 0.001 0.004 0.0045 0.011 0.006 0.010 


Beryllium Soccer Players, 


Age 7 – 10 


61 -0.001 0.004 -0.0026 0 -0.003 0.003 


Beryllium Football Players, 


Age 13 – 14 


100 -0.001 0.003 -0.0035 0 -0.002 0.004 


Copper Soccer Players, 


Age 11 – 21 


100 0.99 1.9 0.89 4.4 1.1 5.9 


Copper Soccer Players, 


Age 7 – 10 


100 1.5 2.3 1.2 3.9 1.8 3.1 


Copper Football Players, 


Age 13 – 14 


100 0.72 1.9 1.1 2.5 1.2 5.2 


Iron Soccer Players, 


Age 11 – 21 


100 29 66 29 150 21 640 


Iron Soccer Players, 


Age 7 – 10 


100 110 220 50 170 93 170 


Iron Football Players, 


Age 13 – 14 


100 37 180 36 97 140 320 
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Table 4-42. Continued 


Metal Participants % > 


Minimum 


Reporting 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand Wipe 


Maximum 


(ng/cm)2 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm Wipe 


Maximum 


(ng/cm2) 


Leg Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Magnesium Soccer Players, 


Age 11 – 21 


100 15 25 12 56 20 110 


Magnesium Soccer Players, 


Age 7 – 10 


100 42 76 26 87 49 73 


Magnesium Football Players, 


Age 13 – 14 


100 9.9 38 11 32 33 70 


Manganese Soccer Players, 


Age 11 – 21 


100 0.54 1.5 0.83 2.1 0.49 6.0 


Manganese Soccer Players, 


Age 7 – 10 


100 1.9 4.2 0.95 3.6 1.7 3.2 


Manganese Football Players, 


Age 13 – 14 


100 1.4 6.2 1.3 3.6 3.8 10 


Molybdenum Soccer Players, 


Age 11 – 21 


100 0.010 0.052 -0.0064 0.043 0.016 0.10 


Molybdenum Soccer Players, 


Age 7 – 10 


100 0.028 0.11 0.023 0.039 0.022 0.039 


Molybdenum Football Players, 


Age 13 – 14 


100 0.010 0.067 0.034 0.069 0.054 0.22 


Nickel Soccer Players, 


Age 11 – 21 


100 0.14 0.52 0.38 4.6 0.37 1.1 


Nickel Soccer Players, 


Age 7 – 10 


100 0.63 1.3 0.41 1.0 0.48 1.5 


Nickel Football Players, 


Age 13 – 14 


100 0.11 0.53 0.29 3.3 0.50 1.8 


Rubidium Soccer Players, 


Age 11 – 21 


100 0.90 3.9 1.4 2.1 1.7 4.0 


Rubidium Soccer Players, 


Age 7 – 10 


100 2.1 2.9 1.5 3.5 2.4 3.0 


Rubidium Football Players, 


Age 13 – 14 


100 0.37 2.6 0.73 2.2 2.5 5.4 


Strontium Soccer Players, 


Age 11 – 21 


100 0.20 0.48 0.11 0.51 0.13 0.86 


Strontium Soccer Players, 


Age 7 – 10 


100 0.65 1.1 0.33 0.92 0.57 0.91 


Strontium Football Players, 


Age 13 – 14 


100 0.28 1.1 0.31 1.1 0.86 2.0 


Tin Soccer Players, 


Age 11 – 21 


100 0.039 0.20 -0.012 0.02 -0.046 0.18 


Tin Soccer Players, 


Age 7 – 10 


100 0.23 0.28 0.024 0.16 0.06 0.14 


Tin Football Players, 


Age 13 – 14 


100 0.093 0.35 0.15 0.47 0.31 0.62 
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Table 4-42. Continued 


Metal Participants % > 


Minimum 


Reporting 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand Wipe 


Maximum 


(ng/cm)2 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm Wipe 


Maximum 


(ng/cm2) 


Leg Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Vanadium Soccer Players, 


Age 11 – 21 


100 0.050 0.14 0.064 0.22 0.036 0.75 


Vanadium Soccer Players, 


Age 7 – 10 


100 0.19 0.45 0.11 0.37 0.17 0.36 


Vanadium Football Players, 


Age 13 – 14 


100 0.097 0.50 0.092 0.27 0.30 0.84 


a Soccer players, 11 to 21 years old (n = 11); Soccer players, 7 to 10 years old (n = 6); Football players, 13 to 14 years old (n = 8) 


Distributions of hand, arm, and leg dermal wipe measurement results for cobalt, lead, and zinc are 


shown in Figure 4-15. The zinc results are impacted by the relatively high background levels measured 


in the wipe material, resulting in some background corrected values below zero. 


Figure 4-15. Distributions of hand, arm and leg dermal measurement results for cobalt, lead and zinc. 


SVOCs - Dermal wipe samples were collected using wipe sample media pre-wetted with isopropanol. 
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Median and maximum dermal wipe SVOC measurement results are shown in Table 4-43. Distributions 


of hand, arm and leg dermal wipe measurement results in the three age/sport groups are shown in Figure 


4-16 for fluoranthene, the sum of 15 PAHs, benzothiazole and di-n-octyl phthalate. There was a wide 


range for the percent of measurements greater than the minimum quantifiable limit across the SVOC 


analytes. Several analytes were measured above the minimum quantifiable limit in 100% of the samples, 


including benzothiazole, bis(2-ethylhexyl) phthalate, benzyl butyl phthalate, 2,6-di-tert-butyl-p-cresol 


and bis(2-ethylhexyl) adipate. Some negative values are reported as a result of field blank subtractions. 


Measurement results below the minimum quantifiable limit were included in calculation of results. 


Cyclohexylisothiocyanate, dimethyl phthalate, diethyl phthalate, 2-bromomethylnaphthalene, 2-


hydroxybenzothiazole, anthracene, diisobutyl phthalate, dibutyl phthalate, and bis(2,2,6,6-tetramethyl-


4piperidyl) sebacate measurement results were not reported due to poor performance in one or more 


quality control sample type. 


Median dermal loading values ranged from 0.057 to 0.17 ng/cm2 for benzothiazole, 1.7 to 7.0 ng/cm2 for 


bis(2-ethylhexyl) phthalate, 0.0021 to 0.019 ng/cm2 for fluoranthene, and 0.018 to 0.13 ng/cm2 for the 


sum of 15 PAHs. Several phthalates and other analytes had median dermal loading values > 0.1 ng/cm2 


in some participant groups, but the majority of analytes had median dermal loadings of < 0.1 ng/cm2, 


with some analytes measuring < 0.01 ng/cm2 (although a majority of measurements in this latter group 


were not above the minimum quantifiable limit). 


There was considerable variability in SVOC dermal loading measurements within sport/age groups, with 


%RSD values often exceeding 100% (data not shown). Due to these large variabilities and the relatively 


small sample sizes, statistical comparisons between groups was not performed. For many but not all 


SVOC analytes, average dermal loadings for hand, arm and leg measurements from soccer players age 7 


to 10 were higher than those in the other two groups. This occurred most often for SVOCs found at 


lower concentrations, and the percent of measurements above the minimum quantifiable limit was often 


higher for soccer players age 7 to 10 than the other two groups. Observations of potential differences 


among groups should be treated with caution due to the small sample sizes, high variability, and small 


percentages of measurements above the minimum quantifiable limits for some analytes. 


Overall, the dermal measurement results for metals and SVOCs showed that dermal exposures to 


chemicals associated with tire crumb rubber are likely occurring for athletes participating in sports 


activities. However, there may be contributions from sources other than the tire crumb rubber for many 


of the metals and for some SVOCs, especially the phthalate analytes. Since no pre-activity dermal 


sampling was performed, it is not possible to attribute all the measured dermal loading to exposures that 


occurred at the synthetic turf fields. 


Table 4-43. Exposure Pilot Study Dermal Wipe Measurement Results for Select SVOCs a,b,c 


Semivolatile Organic 


Compound (SVOC) 


Participants % > 


Minimum 


Quantifiable 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand 


Wipe 


Maximum 


(ng/cm2) 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm 


Wipe 


Maximum 


(ng/cm2) 


Leg 


Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Phenanthrene Soccer Players, 


Age 11 – 21 


27 0.0023 0.018 0.0076 0.060 0.0060 0.080 


Phenanthrene Soccer Players, 


Age 7 – 10 


44 0.014 0.018 0.034 0.12 0.027 0.035 


Phenanthrene Football Players, 


Age 13 – 14 


21 0.0014 0.0044 0.0046 0.0099 0.0033 0.0039 
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Table 4-43. Continued 


Semivolatile 


Organic Compound 


(SVOC) 


Participants % > 


Minimum 


Quantifiable 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand 


Wipe 


Maximum 


(ng/cm2) 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm 


Wipe 


Maximum 


(ng/cm2) 


Leg 


Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Fluoranthene Soccer Players, 


Age 11 – 21 


94 0.0036 0.011 0.0069 0.044 0.0092 0.094 


Fluoranthene Soccer Players, 


Age 7 – 10 


100 0.019 0.023 0.018 0.34 0.017 0.055 


Fluoranthene Football Players, 


Age 13 – 14 


92 0.0024 0.0096 0.0024 0.035 0.0021 0.011 


Pyrene Soccer Players, 


Age 11 – 21 


21 0.0035 0.0061 0.0033 0.029 0.0021 0.10 


Pyrene Soccer Players, 


Age 7 – 10 


50 0.0096 0.040 0.014 0.11 0.0081 0.11 


Pyrene Football Players, 


Age 13 – 14 


17 0.0037 0.012 0.0048 0.027 0.0057 0.019 


Benzo[a]pyrene Soccer Players, 


Age 11 – 21 


6 0.0013 0.0031 0.003 0.013 0.0006 0.026 


Benzo[a]pyrene Soccer Players, 


Age 7 – 10 


28 0.0052 0.0066 0.012 0.023 0.0070 0.014 


Benzo[a]pyrene Football Players, 


Age 13 – 14 


13 0.0005 0.0051 -0.00025 0.036 -0.0008 0.0034 


Benzo[ghi]perylene Soccer Players, 


Age 11 – 21 


36 0.0033 0.0095 0.0044 0.034 0.0073 0.10 


Benzo[ghi]perylene Soccer Players, 


Age 7 – 10 


61 0.014 0.033 0.022 0.046 0.018 0.069 


Benzo[ghi]perylene Football Players, 


Age 13 – 14 


46 0.0032 0.015 0.00075 0.038 0.0018 0.019 


Sum15PAHd Soccer Players, 


Age 11 – 21 


N/A 0.022 0.051 0.049 0.23 0.056 0.56 


Sum15PAH Soccer Players, 


Age 7 – 10 


N/A 0.11 0.14 0.13 1.2 0.098 0.34 


Sum15PAH Football Players, 


Age 13 – 14 


N/A 0.018 0.063 0.020 0.26 0.020 0.14 


Benzothiazole Soccer Players, 


Age 11 – 21 


100 0.057 1.3 0.086 0.99 0.065 1.3 


Benzothiazole Soccer Players, 


Age 7 – 10 


100 0.16 0.24 0.17 0.38 0.16 0.47 


Benzothiazole Football Players, 


Age 13 – 14 


100 0.088 0.49 0.14 0.26 0.12 0.38 


Bis(2-ethylhexyl) 


phthalate 


Soccer Players, 


Age 11 – 21 


100 1.7 3.2 4.0 9.9 3.9 5.5 


Bis(2-ethylhexyl) 


phthalate 


Soccer Players, 


Age 7 – 10 


100 2.2 2.8 4.4 6.5 4.3 6.4 


Bis(2-ethylhexyl) 


phthalate 


Football Players, 


Age 13 – 14 


100 2.0 2.3 6.2 16 7.0 11 
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Table 4-43. Continued 


Semivolatile 


Organic Compound 


(SVOC) 


Participants % > 


Minimum 


Quantifiable 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand 


Wipe 


Maximum 


(ng/cm2) 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm 


Wipe 


Maximum 


(ng/cm2) 


Leg 


Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Aniline Soccer Players, 


Age 11 – 21 


45 0.018 0.26 0 0.70 0 0.81 


Aniline Soccer Players, 


Age 7 – 10 


61 0.047 0.13 0.036 0.13 0.082 0.31 


Aniline Football Players, 


Age 13 – 14 


46 0.017 0.12 0 0.15 0.069 0.21 


4-tert-octylphenol Soccer Players, 


Age 11 – 21 


100 0.10 1.4 0.10 1.2 0.13 1.6 


4-tert-octylphenol Soccer Players, 


Age 7 – 10 


100 -0.061 0.48 -0.16 -0.13 -0.11 0.62 


4-tert-octylphenol Football Players, 


Age 13 – 14 


92 0.096 0.46 0.17 0.39 0.21 0.60 


n-Hexadecane Soccer Players, 


Age 11 – 21 


100 0.11 0.44 0.38 1.4 0.69 2.2 


n-Hexadecane Soccer Players, 


Age 7 – 10 


100 -0.0061 0.48 0.21 2.9 0.13 0.53 


n-Hexadecane Football Players, 


Age 13 – 14 


92 NR NR NR NR NR NR 


Naphthalene Soccer Players, 


Age 11 – 21 


24 0.0019 0.0033 0.0066 0.0091 0.0068 0.012 


Naphthalene Soccer Players, 


Age 7 – 10 


17 0.0029 0.0038 0.0048 0.0072 0.0046 0.0069 


Naphthalene Football Players, 


Age 13 – 14 


17 -0.0001 0.0015 -0.0006 0.0029 -0.0012 0.002 


2-Methylnaphthalene Soccer Players, 


Age 11 – 21 


12 0.0025 0.0099 0.0018 0.033 0.0008 0.042 


2-Methylnaphthalene Soccer Players, 


Age 7 – 10 


6 0.0092 0.015 0.022 0.029 0.021 0.031 


2-Methylnaphthalene Football Players, 


Age 13 – 14 


21 0.0022 0.0061 0.0028 0.014 0.0021 0.0095 


Fluorene Soccer Players, 


Age 11 – 21 


12 0.0002 0.0003 0.0003 0.0027 0.0004 0.0021 


Fluorene Soccer Players, 


Age 7 – 10 


17 -0.0002 0.0002 -0.0004 0.0004 -0.0005 0.0003 


Fluorene Football Players, 


Age 13 – 14 


21 0.0002 0.0008 -0.0004 0.0038 -0.0004 0.0001 


1-Methylphenanthrene Soccer Players, 


Age 11 – 21 


88 0.0007 0.0048 0.0010 0.011 0.0003 0.015 


1-Methylphenanthrene Soccer Players, 


Age 7 – 10 


44 0.0007 0.0087 0.0016 0.0060 0.0028 0.013 


1-Methylphenanthrene Football Players, 


Age 13 – 14 


100 0.0021 0.0043 0.0032 0.014 0.0030 0.0058 
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Table 4-43. Continued 


Semivolatile 


Organic Compound 


(SVOC) 


Participants % > 


Minimum 


Quantifiable 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand 


Wipe 


Maximum 


(ng/cm2) 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm 


Wipe 


Maximum 


(ng/cm2) 


Leg 


Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


Benz(a)anthracene Soccer Players, 


Age 11 – 21 


0 0.0009 0.0021 0.0010 0.0087 0.0016 0.014 


Benz(a)anthracene Soccer Players, 


Age 7 – 10 


28 0.0036 0.0038 0.0071 0.046 0.0058 0.011 


Benz(a)anthracene Football Players, 


Age 13 – 14 


13 -0.0001 0.0020 -0.0007 0.020 -0.0008 0.14 


Chrysene Soccer Players, 


Age 11 – 21 


48 0.0031 0.0070 0.0056 0.019 0.0028 0.066 


Chrysene Soccer Players, 


Age 7 – 10 


89 0.014 0.017 0.013 0.11 0.013 0.049 


Chrysene Football Players, 


Age 13 – 14 


42 0.0029 0.010 0.0013 0.031 0.0031 0.013 


Benzo(b)fluoranthene Soccer Players, 


Age 11 – 21 


12 0.0009 0.0041 0 0.015 0.0015 0.037 


Benzo(b)fluoranthene Soccer Players, 


Age 7 – 10 


61 0.010 0.018 0.015 0.29 0.013 0.023 


Benzo(b)fluoranthene Football Players, 


Age 13 – 14 


4 0 0.0024 0 0.030 0 0 


Benzo(k)fluoranthene Soccer Players, 


Age 11 – 21 


15 0.0001 0.0013 0.0017 0.0077 0.0008 0.012 


Benzo(k)fluoranthene Soccer Players, 


Age 7 – 10 


67 0.0026 0.0059 0.0077 0.085 0.0041 0.0092 


Benzo(k)fluoranthene Football Players, 


Age 13 – 14 


8 0.0006 0.0017 0.0018 0.017 0.0013 0.0044 


Benzo(e)pyrene Soccer Players, 


Age 11 – 21 


6 0.0001 0.0016 0 0.0063 0 0.027 


Benzo(e)pyrene Soccer Players, 


Age 7 – 10 


39 0.0046 0.010 0.0069 0.048 0.0028 0.022 


Benzo(e)pyrene Football Players, 


Age 13 – 14 


17 0.0001 0.0046 -0.0012 0.022 -0.0012 0.0027 


Coronene Soccer Players, 


Age 11 – 21 


18 0 0.010 0 0.071 0 0.24 


Coronene Soccer Players, 


Age 7 – 10 


44 0.015 0.024 0.013 0.037 0.0092 0.038 


Coronene Football Players, 


Age 13 – 14 


8 0 0.0039 0 0.0096 0 0 


Dibenzothiophene Soccer Players, 


Age 11 – 21 


39 -0.0001 0.0010 -0.0004 0.0052 -0.0004 0.0043 


Dibenzothiophene Soccer Players, 


Age 7 – 10 


67 -0.0005 0.0031 -0.0009 0.0032 0 0.0031 


Dibenzothiophene Football Players, 


Age 13 – 14 


25 0.0002 0.0018 -0.0002 0.0049 -0.0015 0.0004 
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Table 4-43. Continued 


Semivolatile 


Organic Compound 


(SVOC) 


Participants % > 


Minimum 


Quantifiable 


Limit 


Hand 


Wipe 


Median 


(ng/cm2) 


Hand 


Wipe 


Maximum 


(ng/cm2) 


Arm 


Wipe 


Median 


(ng/cm2) 


Arm 


Wipe 


Maximum 


(ng/cm2) 


Leg 


Wipe 


Median 


(ng/cm2) 


Leg Wipe 


Maximum 


(ng/cm2) 


n-Butylbenzene Soccer Players, 


Age 11 – 21 


70 -0.0042 0.11 0.013 0.23 -0.025 0.046 


n-Butylbenzene Soccer Players, 


Age 7 – 10 


61 0.017 0.033 0.0066 0.14 -0.047 0.063 


n-Butylbenzene Football Players, 


Age 13 – 14 


75 -0.0008 0.023 -0.0081 0.068 -0.025 0.082 


Benzyl butyl phthalate Soccer Players, 


Age 11 – 21 


100 0.21 3.8 0.78 12 0.75 16 


Benzyl butyl phthalate Soccer Players, 


Age 7 – 10 


100 1.1 2.9 0.79 1.7 1.1 3.9 


Benzyl butyl phthalate Football Players, 


Age 13 – 14 


100 NR NR NR NR NR NR 


Di-n-octyl phthalate Soccer Players, 


Age 11 – 21 


94 0.054 0.86 0.15 4.0 0.18 2.3 


Di-n-octyl phthalate Soccer Players, 


Age 7 – 10 


89 0.10 0.37 0.088 0.59 0.22 0.84 


Di-n-octyl phthalate Football Players, 


Age 13 – 14 


100 0.058 0.13 0.23 0.65 0.13 0.44 


2,6-Di-tert-butyl-p-


cresol 


Soccer Players, 


Age 11 – 21 


100 0.024 0.14 0.074 0.59 0.13 0.39 


2,6-Di-tert-butyl-p-


cresol 


Soccer Players, 


Age 7 – 10 


100 0.033 0.083 0.079 0.30 0.020 0.06 


2,6-Di-tert-butyl-p-


cresol 


Football Players, 


Age 13 – 14 


100 0.035 0.068 0.092 0.21 0.15 0.19 


bis(2-Ethylhexyl) 


adipate 


Soccer Players, 


Age 11 – 21 


100 0.59 3.5 0.73 8.9 0.76 19 


bis(2-Ethylhexyl) 


adipate 


Soccer Players, 


Age 7 – 10 


100 0.94 5.3 2.2 19 1.9 3.5 


bis(2-Ethylhexyl) 


adipate 


Football Players, 


Age 13 – 14 


100 0.68 1.9 3.0 15 1.8 3.4 


a Soccer players, 11 to 21 years old (n = 11); Soccer players, 7 to 10 years old (n = 6); Football players, 13 to 14 years old (n = 8) 
b Although several chemicals had <50% of the measured values above the quantifiable limits, all measured values from the 


analysis, including those reported by the laboratory that were below the quantifiable limits, were used in the calculation of 


median values; chemicals that did not have at least 20% of measurements above the method quantifiable limit in one of the 


three sport/age groups were not included 
c N/R = not reported 
d Sum15PAH = Sum of 15 of the 16 EPA ‘priority’ PAHs, including Acenaphthylene, Anthracene, Benz[a]anthracene, 


Benzo[a]pyrene, Benzo(b)fluoranthene, Benzo[ghi]perylene, Benzo(k)fluoranthene, Chrysene, Dibenz[a,h]anthracene, 


Fluoranthene, Fluorene, Indeno(1,2,3-cd)pyrene, Naphthalene, Phenanthrene, Pyrene 
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Figure 4-16. Distributions of dermal measurement results for fluoranthene, the sum 


of 15 PAHs, benzothiazole, and di-n-octyl phthalate. 


4.5.3 Pilot-Scale Biological Sample Measurements 


4.5.3.1 Urine and Blood Samples 


Urine and blood samples were collected from select pilot study participants before and after practicing 


on synthetic turf fields with tire crumb rubber infill. Participants were provided with a sealed sterile 


urine collection cup to collect the urine samples on-site in facility restrooms. For blood and serum 


samples, blood draws were administered on-site at a designated area by a certified phlebotomist. 


Biological samples were collected from participants at two outdoor fields on multiple days prior to and 


after football and soccer practices. Results are provided in this section for urine and blood measurements 


performed for pilot study participants. Results for the supplemental biomonitoring study are presented in 


Appendix A. 


As previously reported, a total of 13 participants gave blood specimens and 14 participants provided 


urine specimens. Participants included soccer players 11 to 21 years of age (n = 7) and football players 


13 to 14 years of age (n = 7). For two of the participants, the phlebotomist was unable to obtain blood 


samples following their practice activities; this may have been due to dehydration after rigorous on-field 
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activity. For the urine collection, participants were directed to not touch the inside of the urine specimen 


container so as to not contaminate the sample. However, we cannot confirm that all participants 


followed the specified procedures. 


A variety of measures were used to assess normality of the distribution of biological sample 


measurement results, including the Shapiro-Wilk test, as well as skewness and kurtosis values. As the 


data were not normally distributed, a Wilcoxon Signed-Rank Test was performed to determine any pre-


activity and post-activity differences for all participants combined and then separately by sport. The 


Wilcoxon Signed-Rank Test is a non-parametric statistical hypothesis test that can be used to compare 


repeated measurements. Additionally, t-tests were performed and the corresponding p-values included 


for comparison. Skewness and kurtosis are measures of a shape of the distribution of measurements. 


Urinary PAHs - Exposure pilot study pre- and post-activity measurements for several PAH urinary 


biomarkers are shown in Tables 4-44 and 4-45. Individual differences in pre- and post-activity urinary 


PAH concentrations are illustrated in Figures 4-17 through 4-2. All measurements were creatinine-


adjusted to account for urinary dilution; measurements were also adjusted for specific-gravity Table 4-


46). 


Table 4-44. Exposure Pilot Study Pre- and Post-Activity Creatinine-Adjusted Urinary PAH Measurementsa,b 


PAH Pre-


Activity 


Mean 


Pre-


Activity 


Standard 


Deviation 


Pre-


Activity 


Geo 


Mean 


Pre-


Activity 


95% CI 


Post-


Activity 


Mean 


Post-


Activity 


Standard 


Deviation 


Post-


Activity 


Geo 


Mean 


Post-


Activity 


95% CI 


1-Hydroxynaphthalene (µg/g) 1.32 1.51 0.90 0.58 – 1.39 1.40 1.78 0.90 0.57 – 1.41 


2-Hydroxynaphthalene (µg/g) 7.85 4.49 6.53 4.63 – 9.19 10.31 5.81 8.74 6.37 – 12.00 


1-Hydroxyphenanthrene (ng/g) 102 89.9 80.9 57.9 – 113 114 111 91.1 66.9 – 124 


2 & 3-Hydroxyphenanthrene 


(ng/g) 


145 171 111 81 – 152 155 216 110 78.7 – 154 


2-Hydroxyfluorene (ng/g) 188 128 162 125 – 211 193 150 164 125 – 214 


3-Hydroxyfluorene (ng/g) 69 65.4 56.3 42.3 – 74.9 73.0 87.5 54.2 38.5 – 76.4 


1-Hydroxypyrene (ng/g) 104 85.1 84.6 62.1 – 115 90.2 73.7 73.8 54.1 – 101 


a PAH = Polycyclic aromatic hydrocarbon; Geo = Geometric; CI = Confidence interval 
b Number of samples = 14 


112 







 


 


           


  


 


 


 


 


 


 


 


  


 


 


 


 


 


              


              


              


              


            


              


 


 


             


 


 


             


            


            


            


            


              


              


   


    


 
  


Table 4-45. Exposure Pilot Study Pre- and Post-Activity Creatinine-Adjusted Urinary PAH Measurements, by Sporta, b 


PAH Sport Pre-


Activity 


Mean 


Pre-


Activity 


Standard 


Deviation 


Pre-


Activity Geo 


Mean 


Pre-


Activity 95% 


CI 


Post-


Activi 


ty 


Mean 


Post-


Activity 


Standard 


Deviation 


Post-


Activity 


Geo Mean 


Post-


Activity 95% 


CI 


1-Hydroxynaphthalene (µg/g) Soccer 1.66 2.06 0.943 0.428 – 2.08 1.79 2.42 0.974 0.439 – 2.16 


1-Hydroxynaphthalene (µg/g) Football 0.987 0.645 0.850 0.571 – 1.26 1.01 0.816 0.829 0.532 – 1.29 


2-Hydroxynaphthalene (µg/g) Soccer 8.26 4.42 6.91 4.20 – 11.4 10.4 6.41 8.73 5.46 – 13.9 


2-Hydroxynaphthalene (µg/g) Football 7.45 4.86 6.17 3.84 – 9.91 10.2 5.65 8.76 5.68 – 13.5 


1-Hydroxyphenanthrene (ng/g) Soccer 128 121 97.4 58.1 – 164 142 156 101 57.3 – 177 


1-Hydroxyphenanthrene (ng/g) Football 75.1 35.3 67.1 46.1 – 97.8 86.2 26.9 82.5 65.5 – 104 


2- & 3-Hydroxyphenanthrene 


(ng/g) 


Soccer 188 241 123 67.1 – 225 207 307 121 62.3 – 233 


2- & 3-Hydroxyphenanthrene 


(ng/g) 


Football 102 22.3 100 85.0 – 118 102 17.2 101 88.8 – 115 


2-Hydroxyfluorene (ng/g) Soccer 220 173 179 114 – 282 225 206 177 110 – 285 


2-Hydroxyfluorene (ng/g) Football 156 58.3 147 114 – 190 160 61.5 151 118 – 194 


3-Hydroxyfluorene (ng/g) Soccer 85.3 91.0 63.8 38.7 – 105 95.3 123 61.9 33.4 – 115 


3-Hydroxyfluorene (ng/g) Football 52.6 18.9 49.7 38.4 – 64.3 50.7 19.6 47.4 35.8 – 62.8 


1-Hydroxypyrene (ng/g) Soccer 115 111 87.6 53.0 – 145 109 101 82.5 48.5 – 140 


1-Hydroxypyrene (ng/g) Football 92.9 55.1 81.7 56.6 – 118 71.3 28.7 66.0 48.4 – 89.9 


a PAH = Polycyclic aromatic hydrocarbon; Geo = Geometric; CI = Confidence interval 
b Number of soccer player samples = 7; Number of football player samples = 7 
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Table 4-46. Exposure Pilot Study Pre- and Post-Activity Specific-Gravity-Adjusted Urinary PAH Measurements, by Sporta, b 


PAH Sport Pre-


Activity 


Mean 


Pre-


Activity 


Standard 


Deviation 


Pre-Activity 


Geo Mean 


Pre-Activity 


95% CI 


Post-


Activity 


Mean 


Post-Activity 


Standard 


Deviation 


Post-


Activity 


Geo Mean 


Post-


Activity 


95% CI 


1-Hydroxynaphthalene (µg/g) Soccer 2.40 3.43 1.41 0.712 – 2.80 4.34 6.52 2.51 1.29 – 4.89 


1-Hydroxynaphthalene (µg/g) Football 1.27 0.861 1.08 0.718 – 1.63 2.00 1.60 1.61 1.01 – 2.58 


2-Hydroxynaphthalene (µg/g) Soccer 11.2 4.70 10.3 7.60 – 14.1 26.6 18.4 22.5 14.8 – 34.0 


2-Hydroxynaphthalene (µg/g) Football 9.71 6.87 7.84 4.79 – 12.8 19.7 10.7 17.1 11.2 – 26.0 


1-Hydroxyphenanthrene (ng/g) Soccer 196 204 146 86.8 – 245 365 420 259 150 – 446 


1-Hydroxyphenanthrene (ng/g) Football 102 63.0 85.4 54.3 – 134 177 76.5 161 114 – 227 


2- & 3-Hydroxyphenanthrene 


(ng/g) 


Soccer 295 408 184 98.5 – 343 549 828 310 155 – 619 


2- & 3-Hydroxyphenanthrene 


(ng/g) 


Football 136 51.7 127 97.2 – 167 208 71.5 197 151 – 256 


2-Hydroxyfluorene (ng/g) Soccer 356 315 268 156 – 460 629 608 455 258 – 805 


2-Hydroxyfluorene (ng/g) Football 205 89.1 187 133 – 262 318 133 295 220 – 396 


3-Hydroxyfluorene (ng/g) Soccer 136 157 95.4 55.0 – 166 261 338 159 81.4 – 312 


3-Hydroxyfluorene (ng/g) Football 67.4 26.4 63.2 48.2 – 82.7 98.7 38.1 92.5 70.6 – 121 


1-Hydroxypyrene (ng/g) Soccer 175 189 131 79.9 – 215 271 265 212 134 – 335 


1-Hydroxypyrene (ng/g) Football 119 72.2 104 70.5 – 153 144 61.9 129 86.8 - 191 


a PAH = Polycyclic aromatic hydrocarbon; Geo = Geometric; CI = Confidence interval 
b Number of soccer player samples = 7; Number of football player samples = 7 


114 







 


 


 


 


  


  


 


 


   


  


 


 


1 2 3 4 5 6 7 8 9 10 13 14 15 16


Participant ID


-1.0


-0.5


0.0


0.5


1.0


D
if


fe
re


n
c
e


 b
e


tw
e


e
n


 P
o


st
 a


n
d


 P
re


 T
e


st
 A


n
a


ly
te


 V
a


lu
e


s


Post-Pre Test (Difference) Plots by ID
Analyte=1-NAP


1 2 3 4 5 6 7 8 9 10 13 14 15 16


Participant ID


-1.0


-0.5


0.0


0.5


1.0


D
if


fe
re


n
c
e


 b
e


tw
e


e
n


 P
o


st
 a


n
d


 P
re


 T
e


st
 A


n
a


ly
te


 V
a


lu
e


s


IncreaseRED = DecreaseGREEN =


Post-Pre Test (Difference) Plots by ID
Analyte=1-NAP


Figure 4-17. Exposure pilot study pre- and post-activity differences in creatinine-


adjusted 1-hydroxynaphthalene measurements (µg/g), by participant. 
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Figure 4-18. Exposure pilot study pre- and post-activity differences in creatinine-


adjusted 1-hydroxyphenanthrene measurements (ng/g), by participant. 
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Figure 4-19. Exposure pilot study pre- and post-activity differences in creatinine-


adjusted 1-hydroxypyrene measurements (ng/g), by participant. 
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Figure 4-20. Exposure pilot study pre- and post-activity differences in creatinine-


adjusted 2- & 3-hydroxyphenanthrene measurements (ng/g), by participant. 
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Figure 4-21. Exposure pilot study pre- and post-activity differences in creatinine-adjusted 


2-hydroxyfluorene measurements (ng/g), by participant. 
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Figure 4-22. Exposure pilot study pre- and post-activity differences in creatinine-adjusted 


2-hydroxynaphthalene measurements (µg/g), by participant. 


117 







 


 


 


  


  


 


 


 


  


   


  


  


 


  


   


 


   


 


 


 


 


1 2 3 4 5 6 7 8 9 10 13 14 15 16


Participant ID


-25


0


25


50


75


D
if


fe
re


n
c
e


 b
e


tw
e


e
n


 P
o


st
 a


n
d


 P
re


 T
e


st
 A


n
a


ly
te


 V
a


lu
e


s


Post-Pre Test (Difference) Plots by ID
Analyte=3-FLU


1 2 3 4 5 6 7 8 9 10 13 14 15 16


Participant ID


-25


0


25


50


75


D
if


fe
re


n
c
e


 b
e


tw
e


e
n


 P
o


st
 a


n
d


 P
re


 T
e


st
 A


n
a


ly
te


 V
a


lu
e


s IncreaseRED =


DecreaseGREEN =


Post-Pre Test (Difference) Plots by ID
Analyte=3-FLU


Figure 4-23. Exposure pilot study pre- and post-activity differences in creatinine-adjusted 


3-hydroxyfluorene measurements (ng/g), by participant. 


The urinary PAH data were not normally distributed as shown in the Shapiro-Wilk test p-values and 


skewness and kurtosis values in Tables 4-47 and 4-48. For all participants, 2-hydroxynaphthalene had 


the highest pre-activity mean concentration [geometric mean = 6.53 µg/g; 95% confidence interval (CI): 


4.63 – 9.19 µg/g], as well as post-activity mean concentration (geometric mean = 8.74 µg/g; 95% CI: 


6.37 – 12.00 µg/g). There was a significant difference in mean concentrations when comparing pre- and 


post-activity levels for 2-hydroxynaphthalene (p-value = 0.041; Table 4-47). This difference was 


increased when comparing pre- and post-activity concentrations from football players only (p-value = 


0.016; Table 4-48). Although there is weak evidence for a difference in pre- and post-activity for 2-


hydroxynaphthalene (p-value = 0.041), a Bayes Factor was calculated and confirmed no indication for a 


real effect. However, there is weak evidence for a difference in pre- and post-activity concentrations of 


2-hydroxynaphthalene in football players (p-value = 0.016; Table 4-48). All seven football players had 


increases in 2-hydroxynaphthalene post-activity. While the calculated Bayes Factor indicates weak 


evidence, this may largely be a result of the small sample size. In general, the small sample size for these 


statistical analyses is a significant limitation, as statistical power was near or below 20% for most of the 


statistical tests performed on the data. Note that naphthalene had low values in the field measurement 


data sets, including tire crumb rubber infill, field air, field dust, field wipe, and drag sled averages, and 


naphthalene was 4 to over 100 times lower than phenanthrene in these media. Only 17% of the dermal 


wipe naphthalene measurements were above the quantifiable limit for the football players (Table 4-43). 
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Table 4-47. Statistical Analysis of Differences in Exposure Pilot Study Pre- and Post-Activity Creatinine-Adjusted Urinary PAH Measurements 
PAH Minimum 


Differencea 


Maximum 


Difference a 


Median Mean Standard 


Deviation 


Skewness Kurtosis ProbNb Probtc Probsrd 


1-Hydroxynaphthalene (µg/g) -1.25 1.05 0.00 0.08 0.54 -0.43 2.78 0.023 0.596 0.618 


2-Hydroxynaphthalene (µg/g) -5.75 13.9 1.28 2.45 4.32 1.00 3.79 0.048 0.053 0.041 


1-Hydroxyphenanthrene (ng/g) -59.6 95.7 1.78 12.4 43.11 0.94 0.70 0.006 0.301 0.463 


2- & 3-Hydroxyphenanthrene (ng/g) -120 172 0.63 9.12 62.4 0.95 4.42 0.001 0.594 0.820 


2-Hydroxyfluorene (ng/g) -148 105 4.13 4.88 54.7 -1.25 5.44 0.001 0.744 0.153 


3-Hydroxyfluorene (ng/g) -41.1 81.4 -2.75 4.08 28.6 1.51 3.78 0.018 0.603 0.715 


1-Hydroxypyrene (ng/g) -113 75.1 -9.60 -13.6 42.2 -0.28 2.76 0.068 0.249 0.078 


a These values represent the difference in the pre- and post-activity polycyclic aromatic hydrocarbon (PAH) concentrations. Number of samples = 14. 
b Shapiro-Wilk test for normality p-value 
c T-test p-value 
d Wilcoxon Signed-Rank test p-value 
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Table 4-48. Statistical Analysis of Differences in Exposure Pilot Study Pre- and Post-Activity Creatine-Adjusted Urinary PAH Measurements, by Sport 
PAH Sport Minimum 


Differencea 


Maximum 


Differencea 


Median Mean Standard 


Deviation 


Skewness Kurtosis ProbNb Probtc Probsrd 


1-Hydroxynaphthalene (µg/g) Soccer -1.25 1.05 0.1 0.13 0.77 -0.68 1.08 0.424 0.673 0.688 


1-Hydroxynaphthalene (µg/g) Football -0.15 0.45 0 0.03 0.2 2.01 4.66 0.023 0.715 0.875 


2-Hydroxynaphthalene (µg/g) Soccer -5.75 13.85 1.05 2.16 6.13 1.1 2.16 0.38 0.388 0.578 


2-Hydroxynaphthalene (µg/g) Football 0.95 4.7 2.9 2.75 1.64 0.13 -2.14 0.143 0.004 0.016 


1-Hydroxyphenanthrene (ng/g) Soccer -59.6 95.7 2.35 13.64 51.32 0.48 0.09 0.45 0.508 0.578 


1-Hydroxyphenanthrene (ng/g) Football -19.4 93.85 1.2 11.16 37.27 2.39 6.13 0.001 0.458 0.688 


2- & 3-Hydroxyphenanthrene (ng/g) Soccer -120 172.3 -0.7 18.48 90.25 0.38 1.29 0.326 0.608 1 


2- & 3-Hydroxyphenanthrene (ng/g) Football -14.2 11.75 0.7 -0.24 9.04 -0.4 -0.54 0.636 0.946 0.813 


2-Hydroxyfluorene (ng/g) Soccer -148 105.1 4.85 5.31 80.1 -1.05 2.31 0.204 0.866 0.578 


2-Hydroxyfluorene (ng/g) Football -6.05 18.15 3.4 4.45 7.35 0.81 2.21 0.489 0.16 0.109 


3-Hydroxyfluorene (ng/g) Soccer -41.1 81.35 1.05 9.99 40.32 0.8 0.66 0.83 0.537 0.813 


3-Hydroxyfluorene (ng/g) Football -8.25 15.7 -3.4 -1.83 8.12 2.14 5.03 0.009 0.573 0.297 


1-Hydroxypyrene (ng/g) Soccer -53.7 75.05 -7.3 -5.66 40.4 1.36 3.13 0.101 0.724 0.297 


1-Hydroxypyrene (ng/g) Football -113 38.05 -12.5 -21.5 45.58 -1.38 3.65 0.066 0.258 0.219 


a These values represent the difference in the pre- and post-activity polycyclic aromatic hydrocarbon (PAH) concentrations in soccer players (number of samples = 7) and 


football players (number of samples = 7). 
b Shapiro-Wilk test for normality p-value 
c T-test p-value 
d Wilcoxon Signed-Rank test p-value 
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When compared with PAH analytes reported in the NHANES data (CDC 2013-2014) for ages 11 to 21 


(Table 4-49), the synthetic turf field users had similar mean PAH concentrations for the analytes 


measured, with exception of 1-hydroxypyrene, 2-hydroxynaphthalene, and 3-hydroxyfluorene (Figure 4-


24). The NHANES geometric mean for 1-hydroxypyrene (156 ng/g) was greater than the exposure pilot 


study participants’ pre-activity and post-activity geometric means (84.6 ng/g and 73.8 ng/g, 


respectively), and the same was true for 3-hydroxyfluorene. The NHANES geometric mean for 3-


hydroxyfluorene (80.7 ng/g) was also greater than the exposure pilot study participants’ pre- and post-


activity geometric means (56.3 ng/g and 54.2 ng/g, respectively). However, for 2-hydroxynaphthalene, 


the exposure pilot study participants’ pre-activity (6.53 µg/g) and post-activity (8.74 µg/g) geometric 


means were greater than the NHANES geometric mean (4.89 µg/g), but less than and similar to the 


2013–2014 NHANES 75th percentile (8.20 μg/g; 95 % CI: 6.52–9.59 μg/g) for 12 to 19 year olds. Pre-


activity and post-activity geometric means from the exposure pilot study and the NHANES (CDC 2013-


2014) comparison values are presented in Figure 4-24. 


Table 4-49. NHANES Weighted and Design-Adjusted Urinary PAH Values (2013-2014) for Ages 11 to 21a, b 


PAH Minimum Maximum Median Mean 95% CI Geo 


Mean 


Standard 


Error 


1-Hydroxynaphthalene (µg/g Crea) 0.13 48.3 0.88 2.47 1.89 – 3.05 1.11 0.08 


2-Hydroxynaphthalene (µg/g Crea) 0.58 96.7 4.72 6.98 6.11 – 7.84 4.89 0.25 


1-Hydroxyphenanthrene (ng/g Crea) 5.66 830 87.9 112 102 – 121 90.0 3.49 


2 & 3-Hydroxyphenanthrene 


(ng/gCrea) 


25.3 1386 107 145 127 – 163 118 5.45 


2-Hydroxyfluorene (ng/g Crea) 18.4 1937 148 255 215 – 294 173 9.31 


3-Hydroxyfluorene (ng/g Crea) 11.9 1541 68.6 139 109 – 170 80.7 4.72 


1-Hydroxypyrene (ng/g Crea) 19.6 2010 147 200 176 – 225 156 8.15 


a Values from 580 National Health and Nutrition Examination Survey (NHANES 2013-2014) participants, age 11 to 21. 
b PAH = polycyclic aromatic hydrocarbons; CI = confidence interval; Geo = geometric; Crea = creatine 
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Figure 4-24. Exposure pilot study pre-activity and post-activity creatinine-adjusted urinary PAH 
geometric means compared to NHANES (2013-2014) geometric mean values for ages 11 to 21. 
[PAH = polycyclic aromatic hydrocarbon; 1-NAP = 1-Hydroxynaphthlaene; 1-PHE = 1-Hydroxyphenanthrene; 
1-PYR = 1-Hydroxypyrene; 2 & 3-PHE = 2- & 3-Hydroxyphenanthrene; 2-FLU = 2-Hydroxyfluorene; 2-NAP = 
2-Hydroxynaphthlaene; 3-FLU = 3-Hydroxyfluorene] 


Metals in blood/serum - Pre-activity and post-activity concentrations of metals in blood and serum 
samples taken in the exposure pilot study are shown in Tables 4-50 and 4-51. When comparing pre-
activity measurements to post-activity measurements, there were no significant differences observed in 
the mean or geometric mean for any of the whole blood metals. Additionally, there were no significant 
differences observed in pre- and post-activity concentrations for the serum metals (Table 4-52). There 
were also no significant differences in mean concentrations for pre-activity levels and post-activity 
levels in football players or in soccer players (Table 4-53).  However, toxicokinetics would suggest that 
few differences in blood or serum metal concentrations would be expected over the short timeframe of a 
football or soccer practice. Individual differences in pre- and post-activity blood/serum metals 
concentrations are illustrated in Figures 4-25 through 4-32.  
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Table 4-50. Exposure Pilot Study Pre- and Post-Activity Blood and Serum Metal Measurementsa, b 


Medium/Metal Pre-


Activity 


Mean 


Pre-


Activity 


Standard 


Deviation 


Pre-


Activity 


Geo 


Mean 


Pre-Activity 


95% CI 


Post-


Activity 


Mean 


Post-


Activity 


Standard 


Deviation 


Post-


Activity 


Geo 


Mean 


Post-


Activity 


95% CI 


Blood cadmium (µg/L) 0.23 0.06 0.22 0.20 – 0.24 0.20 0.07 0.21 0.18 – 0.24 


Blood manganese (µg/L) 9.84 2.69 9.51 8.22 – 11.0 9.91 3.63 9.40 7.76 – 11.4 


Blood lead (µg/dL) 0.43 0.14 0.41 0.35 – 0.49 0.44 0.16 0.41 0.33 – 0.51 


Blood mercury, total (µg/L) 0.78 0.96 0.51 0.32 – 0.81 0.92 1.13 0.61 0.37 – 1.01 


Blood selenium (µg/L) 217 15.5 216 208 – 225 222 24.8 221 207 – 235 


Serum copper (µg/dL) 99.2 9.19 98.8 94.0 – 104 98.3 11.4 97.7 91.2 – 105 


Serum selenium (µg/L) 125 9.67 124 120 – 129 127 13.5 127 120 – 134 


Serum zinc (µg/dL) 83.7 10.1 83.1 78.0 – 88.6 83.4 10.5 82.7 76.2 – 90.0 


a Geo = Geometric; CI = Confidence interval; dL = deciliter 
b Number of samples = 13 (6 soccer players and 7 football players) 
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Table 4-51. Exposure Pilot Study Pre- and Post-Activity Blood and Serum Metal Measurements, by Sport 
Medium/Metal Sport Pre-


Activity 


Mean 


Pre-


Activity 


Standard 


Deviation 


Pre-


Activity 


Geo 


Mean 


Pre-Activity 


95% CI 


Post-


Activity 


Mean 


Post-


Activity 


Standard 


Deviation 


Post-


Activity 


Geo 


Mean 


Post-Activity 


95% CI 


Blood cadmium (µg/L) Soccer 0.24 0.08 0.22 0.18 – 0.27 0.23 0.08 0.22 0.17 – 0.28 


Blood cadmium (µg/L) Football 0.21 0.02 0.21 0.2 – 0.23 0.18 0.04 0.19 0.17 – 0.21 


Blood manganese (µg/L) Soccer 8.58 2.23 8.32 6.78 – 10.2 8.37 2.09 8.12 6.62 – 9.96 


Blood manganese (µg/L) Football 10.9 2.73 10.7 9.07 – 12.51 11.8 4.43 11.2 8.56 – 14.6 


Blood lead (µg/dL) Soccer 0.42 0.17 0.39 0.29 – 0.52 0.43 0.18 0.39 0.28 – 0.54 


Blood lead (µg/dL) Football 0.44 0.11 0.43 0.36 – 0.52 0.45 0.15 0.44 0.34 – 0.56 


Blood mercury, total (µg/L) Soccer 0.59 0.27 0.52 0.35 – 0.79 0.61 0.29 0.54 0.35 – 0.83 


Blood mercury, total (µg/L) Football 0.94 1.31 0.5 0.22 – 1.09 1.3 1.66 0.71 0.27 – 1.84 


Blood selenium (µg/L) Soccer 215 20.7 214 200 – 230 220 32.9 218 196 – 243 


Blood selenium (µg/L) Football 219 10.7 218 211 – 226 224 13.4 224 213 – 235 


Serum copper (µg/dL) Soccer 99.3 10.4 99.0 91.4 – 107 99.7 12.8 99.0 89.8 – 109 


Serum copper (µg/dL) Football 99 8.93 99.0 92.7 – 105 96.6 10.8 96.1 87.8 – 105 


Serum selenium (µg/L) Soccer 127 13.7 126 117 – 136 132 16.0 131 120 – 143 


Serum selenium (µg/L) Football 123 4.88 123 120 – 126 122 8.37 122 115 – 129 


Serum zinc (µg/dL) Soccer 87.7 13.5 86.7 76.8 – 97.9 82.5 13.5 81.4 70.9 – 93.5 


Serum zinc (µg/dL) Football 80.3 4.54 80.2 77.1 – 83.4 84.4 6.77 84.2 78.9 – 89.8 


a Geo = Geometric; CI = Confidence interval; dL = deciliter 
b Number of soccer player samples = 6; Number of football player samples = 7 
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Figure 4-25. Exposure pilot study pre- and post-activity differences in blood cadmium 


measurements (µg/L), by participant. 
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Figure 4-26. Exposure pilot study pre- and post-activity differences plots in blood 


manganese measurements (µg/L), by participant. 
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Figure 4-27. Exposure pilot study pre- and post-activity differences in blood lead 


measurements (µg/dL), by participant. 
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Figure 4-28. Exposure pilot study pre- and post-activity differences in blood selenium 


measurements (µg/L), by participant. 
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Figure 4-29. Exposure pilot study pre- and post-activity differences in serum copper 


measurements (µg/dL), by participant. 
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Figure 4-30. Exposure pilot study pre- and post-activity differences in serum selenium 


measurements (µg/L), by participant. 
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Figure 4-31. Exposure pilot study pre- and post-activity differences in serum zinc 


measurements (µg/dL), by participant. 
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Figure 4-32. Exposure pilot study pre- and post-activity differences in total blood 


mercury measurements (µg/L), by participant. 
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Overall, the blood metals and serum metals results showed no difference in concentrations before or 


after practice on a synthetic turf field with tire crumb rubber infill. 


Table 4-52. Statistical Analysis of Differences in Exposure Pilot Study Pre- and Post-Activity Whole Blood 


Metals and Serum Metals Measurements 


Metal Minimum 


Differencea 


Maximum 


Differencea 


Median Mean Standard 


Deviation 


Skewness Kurtosis ProbNb Probtc Probsrd 


Blood cadmium 


(µg/L) 


-0.15 0.20 0.00 -0.01 0.08 1.31 4.72 0.004 0.724 0.563 


Blood manganese 


(µg/L) 


-3.70 3.90 -0.20 0.15 2.09 0.13 0.71 0.567 0.822 0.902 


Blood lead 


(µg/dL) 


-0.10 0.15 0.00 0.01 0.06 0.45 1.82 0.229 0.493 0.656 


Blood mercury, 


total (µg/L) 


-0.25 0.40 0.00 0.04 0.19 0.94 0.82 0.065 0.537 0.703 


Blood selenium 


(µg/L) 


-20.0 50.00 0.00 5.45 20.7 1.08 0.79 0.200 0.402 0.555 


Serum copper 


(µg/dL) 


-8.00 10.00 0.00 0.18 4.45 0.38 2.65 0.049 0.895 0.813 


Serum selenium 


(µg/L) 


-10.0 10.00 0.00 1.82 8.74 -0.41 -1.62 0.006 0.506 0.727 


Serum zinc 


(µg/dL) 


-9.00 13.00 -1.00 -1.45 6.74 0.75 0.72 0.243 0.491 0.492 


a These values represent the difference in the pre- and post-activity whole blood and serum metals concentrations. Number of 


samples = 11. 
b Shapiro-Wilk test for normality p-value 
c T-test p-value 
d Wilcoxon Signed-Rank test p-value 
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Table 4-53. Statistical Analysis of Differences in Exposure Pilot Study Pre- and Post-Activity Whole Blood Metals and Serum Metals Measurements, 


by Sport 
Metal Sport Minimum 


Differencea 


Maximum 


Differencea 


Median Mean Standard 


Deviation 


Skewness Kurtosis ProbNb Probtc Probsrd 


Blood cadmium (µg/L) Soccer -0.15 0.2 0 0 0.11 0.91 2.5 0.266 1 1 


Blood cadmium (µg/L) Football -0.05 0 0 -0.02 0.03 -0.61 -3.33 0.006 0.178 0.5 


Blood manganese (µg/L) Soccer -3.7 3.9 -0.25 -0.22 2.6 0.4 0.61 0.927 0.846 0.844 


Blood manganese (µg/L) Football -0.5 3 0 0.58 1.43 1.73 2.96 0.096 0.415 0.625 


Blood lead (µ/dL) Soccer -0.1 0.15 0 0.02 0.08 0.44 1.67 0.48 0.638 0.75 


Blood lead (µ/dL) Football -0.05 0.05 0 0.01 0.04 -0.51 -0.61 0.314 0.621 1 


Blood mercury, total (µg/L) Soccer -0.25 0.35 -0.03 0.02 0.2 0.69 1.53 0.678 0.846 1 


Blood mercury, total (µg/L) Football -0.1 0.4 0 0.06 0.19 1.94 4.17 0.018 0.529 1 


Blood selenium (µg/L) Soccer -20 50 -5 5 25.9 1.25 0.99 0.272 0.656 0.938 


Blood selenium (µg/L) Football -10 30 0 6 15.2 1.12 1.46 0.492 0.426 0.75 


Serum copper (µg/dL) Soccer -8 10 0 0.33 5.72 0.52 2.64 0.088 0.892 1 


Serum copper (µg/dL) Football -5 2 1 0 2.92 -1.82 3.38 0.05 1 0.875 


Serum selenium (µg/L) Soccer -10 10 10 5 8.37 -1.54 1.43 0.006 0.203 0.375 


Serum selenium (µg/L) Football -10 10 0 -2 8.37 0.51 -0.61 0.314 0.621 1 


Serum zinc (µg/dL) Soccer -9 3 -7.5 -5.17 5.08 1.03 -0.56 0.075 0.055 0.094 


Serum zinc (µg/dL) Football -2 13 0 3 6 1.59 2.41 0.14 0.326 0.5 


a These values represent the difference in the pre- and post-activity whole blood and serum metals concentrations in soccer players (number of samples = 6) and football 


players (number of samples = 5). 
b Shapiro-Wilk test for normality p-value 
c T-test p-value 
d Wilcoxon Signed-Rank test p-value 
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When compared with NHANES (2013-2014) weighted and design-adjusted blood and serum metal 


mean concentrations for ages 11 to 21 (Table 4-54), the whole blood or serum metal levels for the 


synthetic turf field users were similar, with the exception of blood selenium. The pre-activity (216 µg/g) 


and post-activity (221 µg/g) geometric means for blood selenium were greater than the NHANES 


geometric mean (190 µg/g). However, selenium was below detection limits in the tire crumb rubber 


analyses and field environmental media measurements. Pre-activity, post-activity, and the NHANES 


comparison values are illustrated in Figures 4-33 and 4-34. 


Table 4-54. NHANES Weighted and Design-Adjusted Blood and Serum Metal Values (2013-2014) for Ages 11 


to 21a,b 


PAH Minimum Maximum Median Mean 95% CI Geo 


Mean 


Standard 


Error 


Blood cadmium (µg/L) 0.07 3.54 0.12 0.22 0.18 – 0.26 0.14 0.01 


Blood lead (µg/dL) 0.07 15.6 0.47 0.65 0.56 – 0.75 0.51 0.03 


Blood manganese (µg/L) 4.33 29.2 9.77 10.6 10.1 – 11.1 10.1 0.23 


Blood mercury, total (µg/L) 0.20 13.3 0.37 0.63 0.52 – 0.74 0.42 0.02 


Blood selenium (µg/L) 129 272 191 191 188 – 195 190 1.72 


Serum copper (µg/dL) 60.9 298 105 111 109 – 114 108 1.13 


Serum selenium (µg/L) 87.4 183 123 125 123 – 128 124 1.28 


Serum zinc (µg/dL) 44.5 146 83.1 84.33 81.7 – 87.0 82.9 1.20 


a Values from 548 National Health and Nutrition Examination Survey (NHANES 2013-2014) participants, age 11 to 21. 
b PAH = polycyclic aromatic hydrocarbons; CI = confidence interval; Geo = geometric 
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Figure 4-33. Exposure pilot study pre-activity and post-activity blood cadmium, blood 


manganese, blood lead and total blood mercury geometric mean levels compared to NHANES 


(2013-2014) weighted and design-adjusted values for Ages 11-21. 


[NHANES = National Health and Nutrition Examination Survey] 
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Figure 4-34. Exposure pilot study pre-activity and post-activity blood selenium, serum 


copper, serum selenium and serum zinc geometric mean levels compared to NHANES (2013-


2014) weighted and design-adjusted values for ages 11-21. [NHANES = National Health and 


Nutrition Examination Survey] 


4.6 Initial Testing of Silicone Wristbands 


Collecting samples to measure personal exposures to chemicals is very challenging for people engaged 


in sport activities on synthetic turf fields and for athletic and physical training activities in general. 


Personal sampling devices must be relatively small, must not restrict research participant activities, and 


must be safe to wear, even during vigorous activities. Due to the relatively short activity periods and 


relatively low concentrations of chemicals, personal sampling devices must also overcome the challenge 


of collecting sufficient chemical amounts for accurate measurements. 


The use of silicone wristbands as a tool for personal and area chemical sample collection is an active 


area of exposure assessment research. Silicone wristbands can serve as passive samplers for many types 


of organic chemicals and are especially effective for chemicals present in air. With no power 


requirements, minimal participant burden and interaction requirements and their ease of use, these 


silicone wristbands may be useful for personal sample collection during sport activities. There is interest 


in how silicone wristbands might be used in future exposure measurement studies for synthetic field 


users, where bulky air sampling equipment can’t be worn safely during intense athletic activity. 


A critical question regarding their suitability for synthetic turf field personal sampling is whether, and at 


what rate, they collect chemicals of interest associated with tire crumb rubber or other field materials. 


The Part 1 Report described initial wristband testing in the presence of tire crumb rubber in controlled 


dynamic chamber experiments. Another important question is the amount of time needed for wristbands 


to be able to collect sufficient amounts of chemicals emitted from tire crumb rubber in synthetic field 


environments to enable successful analysis. In order to further assess the potential utility of wristbands 
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for synthetic field users, a set of experiments was performed by deploying wristbands as passive 


samplers for organic chemicals in the air at an indoor and outdoor synthetic turf field. 


4.6.1 Feasibility Assessment of Wristbands at Synthetic Turf Fields 


A pilot-scale feasibility assessment was implemented through a contract with Oregon State University 


(OSU) to evaluate the performance of silicone wristbands deployed at indoor and outdoor synthetic turf 


field facilities with tire crumb rubber infill. The overall goal of the study was to evaluate the 


effectiveness of the approach for measuring tire crumb rubber related chemicals in the air at synthetic 


turf fields using the wristbands as stationary fixed monitors. Wristbands were deployed for seven days at 


multiple locations in or near one indoor and one outdoor synthetic turf field facility with tire crumb 


rubber, and in the outdoor ambient air generally upwind and away from fields and other local emission 


sources. The wristbands were analyzed quantitatively for select PAHs, select oxygenated-PAHs, and 


select VOCs. Another analysis method was applied that provides screening results for approximately 


1500 chemicals. The OSU sampling and analysis report is provided in Appendix H. 


Three wristband sampling locations were deployed at various locations inside an indoor facility 


containing a synthetic turf field with tire crumb rubber. Three wristband sampling locations were 


deployed at the perimeter of an outdoor synthetic turf field with tire crumb rubber. A final sampling 


location was placed on a lamppost above a natural grass area next to a walkway, approximately 18 


meters from the outdoor field to serve as a background air sampler. Samplers were deployed for a seven-


day duration. On six of those seven days the prevailing wind across the outdoor field was in a direction 


away from the lamppost-mounted background air sampler. Temperatures during deployment ranged 


from 3.1 to 22.7 °C with a mean of 9.7 °C. 


A sum measure of 63 PAH analytes was obtained for the silicone wristband samplers following the 7-


day deployment. The ∑PAH results ranged from 72 to 105 ng/g for three indoor samplers, 29 to 34 ng/g 


for three outdoor field samplers, and 32 ng/g for the background sampler. Field blank values for ∑PAH 


were 0 ng/g. The number of individual targeted PAHs with measurable amounts ranged from 13 to 17. A 


set of 22 oxidized PAH (OPAH) derivatives were also measured. The amounts of OPAH analytes were 


below the detection limit for all samples and blanks, with the exception of 


benzo(c)phenanthrene(1,4)quinone (6.7 ng/g) and benzo(cd)pyrenone (0.8 ng/g) measured in one 


outdoor field sample. 


A sum measure of 29 VOC analytes was also obtained. At two of the indoor locations, measured ∑VOC 


values were 69 and 87 ng/g, while at the third location (a doorway atrium) the measured value was 7.1 


ng/g. At the outdoor location, the ∑VOC values were 2.1, 39, and 90 ng/g. The background air value 


was 32 ng/g. Field blank values for ∑VOC were 0.3 and 15 ng/g. The number of individual targeted 


VOCs with measurable amounts ranged from 1 in one of the blanks to 9 in one of the outdoor field 


locations. Several of the VOCs measured in field samples were also measured in the background air 


sample and three were also measured in at least one of the two field blanks. 


Additional wristband analyses included a broad analyte presence/absence screen for 1528 chemicals. 


Between two and eight analytes were detected in the field samples. More analytes were detected in 


indoor field samples (6 to 8) than outdoor field samples (2 – 4). Benzothiazole, a chemical associated 


with tire crumb rubber, was observed in all field samples and was absent in the background air sample. 


Three analytes (naphthalene, bis(2-ethylhexyl)phthalate, and 1-methylnapthalene) were measured in the 


background air sample, and these analytes also appeared in one or more field sample. 
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In general, more targeted analytes were detectable and sometimes found at higher concentrations in the 


indoor field wristband samples compared to samples collected at the outdoor field and in the background 


air sample. Samples collected at the outdoor field had ∑PAH concentrations similar to the background 


air level. ∑VOC measurements were more variable, with some but not all indoor and outdoor field 


samples having higher levels than the background air. Relatively few of the 1528 screening analytes 


were detected in any sample. 


While this feasibility study provided information on the potential for silicone wristbands to be used as 


synthetic turf field facility area monitors, additional research will be needed to further assess the silicone 


wristbands for possible use as personal monitors for synthetic turf field users in the future. 
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5.0  Assessing Exposure Pathway Modeling  


 
 


  


  


 


 


 


 


 


   


 


  


   


  


 


  


   


 
  


 
 


 
  


 


 


 
 


 


 


  


 


 


  


   


  


 


5.1 Exposure Pathway Modeling Methods 


5.1.1 Research Design Summary 


Accurate estimates of exposures to chemicals from tire crumb rubber on synthetic turf fields are needed 


to investigate potential health risks among athletes and bystanders. Athletes may be exposed via the 


inhalation, dermal and ingestional routes, while bystanders are likely to encounter only downwind 


gasses and experience much lower exposures. Several approaches for calculating such estimates have 


been reported (Peterson, Lemay, Shubin, & Prueitt, 2018; RIVM, 2017; Ginsberg, et al., 2011; ECHA, 


2017; Kim, et al., 2012). Accurate exposure estimates require sufficient information on chemical 


concentrations in all relevant exposure media, an understanding of how people come into contact with 


those media under different conditions and scenarios, and knowledge of the extent to which chemicals 


are transferred to people and into relevant tissues. Unfortunately, information for many of these 


important parameters either remains relatively limited or does not yet exist, particularly for dermal and 


ingestion pathways from synthetic turf field sources. In lieu of such information, researchers have made 


necessary assumptions for some exposure parameters and have often used what are believed to be 


conservative values when data are not available. More data are needed to reduce reliance on these 


assumptions and improve modeling of inhalation, dermal and ingestion pathways for human exposure to 


tire crumb rubber chemicals at synthetic turf fields. 


Exposure pathway modeling for athletes using synthetic turf fields with tire crumb rubber infill was 


performed using data available from the literature and supplemented with data collected in this exposure 


pilot study. The four primary objectives of this modeling were to: 


• Elucidate which exposure pathways are likely to be the biggest contributors to total


exposure for different types of tire crumb rubber constituents;


• Explore whether data produced in the federal study can improve our exposure estimates,


particularly for the dermal and ingestion pathways;


• Assess the availability, robustness and adequacy of tire crumb rubber data, exposure


measurement data and the data needed for exposure model parameters to determine the


accuracy and uncertainties in exposure estimations for athletes using synthetic turf fields;


and


• Prepare modeled estimates of background exposures from residential and dietary sources


for comparison with exposure estimates for synthetic turf field users.


Six chemical substances associated with synthetic turf fields and tire crumb rubber were selected for 


exposure pathway modeling – benzo[a]pyrene, pyrene, benzothiazole, methyl isobutyl ketone, lead and 


zinc. They were selected based on the availability of previous measurement data and represent a range 


of physical and chemical properties (Table 5-1). Pyrene was selected because it is often reported in the 


highest concentrations among polycyclic aromatic hydrocarbons (PAHs) in tire crumb rubber, while 


benzo[a]pyrene has very low volatility and has been measured in tire crumb rubber in several studies. 


Benzothiazole is on the more volatile end of the semivolatile organic compound (SVOC) spectrum and 


has been measured in both synthetic turf field air and tire crumb rubber. Methyl isobutyl ketone is a 


volatile organic compound (VOC) constituent of tire crumb rubber that has been measured in the air 


above synthetic turf fields. Lead and zinc are among the metals most often measured in tire crumb 


rubber studies. 
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Table 5-1. Select Physico-chemical Properties of Chemicals Used in Exposure Pathway Modeling in this Study (Kim, et al., 2016; U.S. EPA, 2016; 


Sander, 2015)a 


Chemical CAS Class Molecular cLogKow Henry’s Law Vapor Pressure Density Solubility (mg/L @ 25 °C, 


Numberb Weight (g/mol) Constant (mmHg) (g/cm3) where applicable) 


Benzo[a]pyrene 50-32-8 PAH 


SVOC 


252.32 6.13 4.57E-07 


atm-m3/mol 


5.49E-09 


@ 25 °C 


1.35 1.62E-03 in H2O; soluble in 


benzene, toluene, xylene 


and ether; slightly soluble in 


alcohol 


Pyrene 129-00-0 PAH 


SVOC 


202.26 4.88 1.19E-05 atm-


m3/mol 


4.50E-06 


@ 25 °C 


1.27 0.135 in H2O; soluble in 


ethanol, ethyl ether, benzene 


and toluene; slightly soluble 


in carbon tetrachloride 


Benzothiazole 95-16-9 SVOC 135.18 2.0 3.70E-07 0.014 1.25 Slightly soluble in H2O; 


(experimental) atm-m3/mol @ 25 °C very soluble in ether; 


soluble in acetone 


Methyl isobutyl 


ketone 


108-10-1 VOC 100.16 1.31 7.00E-2 


mol/m3 Pa 


19.9 


@ 25 °C 


0.80 19,000 in H2O; miscible 


with ethanol, ether, acetone, 


benzene and most organic 


solvents; soluble in 


chloroform 


Lead (elemental) 7439-92-1 Metal 207.20 No Data No Data 1.77 


@ 1000 °C 


11.3 Insoluble in H2O;d Soluble 


in dilute HNO3 


Zinc (elemental) 7440-66-6 Metal 65.38 No Data No Data 1.10E-08 


@ 127 °C 


7.1 Insoluble in H2O; d Soluble 


in acids/alkalines 


a PAH = polycyclic aromatic hydrocarbons; SVOC = semivolatile organic compound; VOC = volatile organic compound; mmHg = millimeters of mercury; H2O = 


water; HNO3 = nitric acid 
b Unique numerical identifier assigned by the Chemical Abstracts Service (CAS) 
c Kow = octanol/water partition coefficient 
d Metal salts are soluble in water 
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Exposure pathway algorithms published in EPA’s Guidelines for Exposure Assessment (U.S. EPA, 


1992) were employed in this exposure pathway modeling as standard approaches for exposure 


estimation (U.S. EPA, 2013). Model parameter values were taken from EPA’s Exposure Factors 


Handbook (U.S EPA, 2011b), where these values were judged to be applicable (e.g., inhalation rates). 


Where not applicable, parameter values more appropriate for the athlete exposure scenarios (e.g., 


exposure durations) were obtained from the literature or other EPA documents, as presented in section 


5.1.2. Exposure scenarios were developed for youth and adult athletes, informed in part by scenarios 


considered by other researchers. Exposure factor and scenario values were compared to those used by 


several other research organizations. 


Inhalation, dermal and ingestion exposure pathway estimates were calculated for the select tire crumb 


rubber constituents using an algorithm-based approach, extant data from previous studies and data from 


field measurements in this exposure pilot study. The pathway-specific exposure estimates were 


calculated for each of the six chemical substances using the extant data and were compared to identify 


the dominant pathway of exposure for each chemical substance (with the exception of methyl isobutyl 


ketone, for which only the inhalation pathway was estimated). The pathway-specific estimates were then 


re-calculated using tire crumb measurement data and exposure measurement data produced in this 


exposure pilot study. These results were compared with the previous pathway-specific estimates 


generated using the extant data from other studies to assess whether additional information from the 


field surface wipe, dust and dermal measurements (not previously available) might change estimates for 


dermal and ingestion pathways. This process is presented in Figure 5-1. 


Data 
Extraction 


•Measurement data were collected from 
previously existing studies 


Models 
Chosen 


•EPA's route-specific exposure algorithms 
were chosen 


Parameter 
Definitions 


•Parameters were obtained from EPA 
guidance documentation 


Scenarios 
Chosen 


•Scenarios were defined to complement 
those used in previous studies 


Models Run 


•Model was automated using Excel and 
results were compiled 


Data 
Colleciton 


•Measurement data were produced in this 
exposure pilot study 


Models 
Updated 


•EPA's exposure algorithms were updated 
for compatibility with new measurements 


Parameters 
Updated 


•Parameter values were update based on 
new data 


Scenarios 
Chosen 


•Scenarios were defined to complement 
age ranges and other factors from field 
study participants 


Models Run 


•Model was automated using Excel and 
results were compiled 


Figure 5-1. Process for generating pathway-specific exposure estimates using both existing data 


(on left) and new data from this exposure pilot study (on right). 
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Finally, the availability, robustness and adequacy of tire crumb rubber data, exposure measurement data 


and the data needed for exposure model parameters were assessed to determine the accuracy and 


uncertainty of individual and cumulative chemical exposure estimates. 


5.1.2 Synthetic Turf Field User Exposure Estimation Using Existing Measurements 


To aid in exposure characterization, extant data from previous studies were used to obtain chemical 


concentration information, define parameter values and identify exposure scenarios to be applied for 


inhalation, dermal and ingestion exposure pathway estimates (Figure 5-2). Initially, five chemicals of 


interest were identified – lead, methyl isobutyl ketone, benzothiazole, pyrene and benzo[a]pyrene. Upon 


further discussion, zinc was added to the chemicals of interest due to its presence in tire crumb rubber at 


relatively high concentrations. 


Sy
n


th
e


ti
c 


Tu
rf


 


GASES 


PARTICULATES 


GRANULES 


INHALATION 


INCIDENTAL 
INGESTION 


RESIDUE 


DERMAL 
ABSORPTION 


DUST 


Figure 5-2. Diagram of exposure pathway modeling, showing possible media for 


each route-specific exposure estimate. Red arrows designate media employed for 


estimates using data from previous studies. 


Measurement values for each chemical of interest were initially identified and extracted from the 


Literature Review/Gap Analysis (LRGA) spreadsheet available in Appendix C of the Part 1 Report (U.S. 


EPA, CDC/ ATSDR, & CPSC, 2016b). The original study documents referenced in the LRGA 


spreadsheet were then reviewed for additional data on the chemicals of interest. Air, dust, tire crumb or 


crumb rubber granules, field surface residue and bioaccessibility measurements (i.e., quantity of a 


compound released from its matrix) measurements in synthetic fluids were determined to be relevant 


measurements of interest for the exposure pathway modeling effort. Leachate studies and their 


measurement values (deemed more relevant for ecological studies) were excluded from the data 


extraction, as were measurements from turf blades and material classified as anything other than tire 


crumb or crumb rubber. 


A new Excel spreadsheet was created that included for the chemicals of interest, an entry for each 


relevant reference study identified in the LRGA, sortable by chemical name and reference number (as 


found in the LRGA spreadsheet). For each entry, data extraction was carried out by performing a 


multiple keyword search for each chemical in the reference study (e.g., for lead, both “lead” and “Pb” 


were searched). The following study-specific data were extracted for each entry, where available: 


reference information; location of the study; chemical name; medium; medium type; additional 


information to classify the medium; number of measured values; limit of detection (LOD), if given; 
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percent of samples greater than the LOD; minimum and maximum measured values; and reported 


descriptive statistics, including arithmetic and geometric means and standard deviations, where 


available. 


Measurement values for each entry were recorded and added to the spreadsheet based on available data. 


Data for air concentrations included sample measurements collected at different heights above the field, 


although this height distinction was not made when recording the data in the spreadsheet; however, a 


distinction was made in the spreadsheet between indoor, outdoor and personal air sample collections. All 


excluded measurements were explained in each entry’s comments section on the spreadsheet. 


Before calculating descriptive statistics, measured values for each medium (air, dust, tire crumb or 


crumb rubber, field surface residue and synthetic fluids) were converted to consistent units where 


necessary. Air concentrations were converted to ng/m3, dust concentrations to ng/g, crumb rubber 


concentrations to ng/g, residue concentrations to ng/m2 and bioaccessibility synthetic fluid 


concentrations to ng/g. Where necessary, reported masses were converted to loadings. For example, in 


the Consumer Product Safety Commission’s (CPSC) 2008 report, field surface wipe data for lead was 


originally reported as 98.7 µg, collected using a 15×15-cm wipe, rubbed along 50 cm (CPSC, 2008). 


The entire area for wipe sampling was found by multiplying 15 cm (wipe height) by 50 cm (surface 


length), giving a total wipe sampling surface area of 750 cm2. Dividing the total mass of residue found 


on the wipe (98.7 µg) by the total surface area wiped (750 cm2), a mass per unit area loading of 0.132 


µg/cm2 was obtained; this value was then converted to ng/m2. 


Mean, median, geometric mean, and arithmetic standard deviation values were calculated for each 


chemical in each medium, using the ‘=AVERAGE’ (arithmetic mean), ‘=STDEV.P’, ‘=MEDIAN’ and 


‘=GEOMEAN’ (geometric mean) functions in Excel. Geometric standard deviation was calculated in a 


separate spreadsheet by listing all the measured values, taking the natural logarithm of each of those 


numbers, calculating the standard deviation of those natural log values, and then taking the inverse 


natural logarithm (exponential function) of that standard deviation value (Figure 5-3). In studies where 


the value was reported as less than the LOD, ½ LOD was used in the calculations. 


Measured 
Values 


Natural Log 
Values 


Standard 
Deviation 


Inverse 
Natural Log 


Geometric 
Standard 
Deviation 


•'=LN' •'=STDEV' •'=EXP' 


Figure 5-3. Process flowchart of the commands used in Excel to calculate the geometric standard 


deviation. 


Once all measurement values were extracted from the literature and summary statistics were calculated, 


specific parameter values were obtained using a weighted average for both the arithmetic and geometric 


means for each chemical in each medium (Tables 5-2 and 5-3). Weighted averages were calculated by 


multiplying each mean value from the study by the number of sample measurements taken, adding all 


those values together and dividing by the total number of sample measurements of all the studies. In 


studies that reported only minimum and maximum values, the maximum was used along with mean 


values from other studies in calculating weighted averages, but these studies did not provide enough 


information to be included in calculations of arithmetic and geometric standard deviations. 
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Table 5-2. Weighted Arithmetic Means for Chemicals of Interest in Exposure Pathway Modelinga 


Chemical Air – 
Outdoor 


(ng/m3) 


Air – 
Indoor 


(ng/m3) 


Air – 
Combined 


(ng/m3) b 


Air – 
Personal 


(ng/m3) 


Tire 


Crumb 


(ng/g) 


Field Surface 


Wipes Without 


Contaminated 


Blades (ng/m2) c 


Benzo[a]pyrene 0.066 0.708d 0.062 N/A 1640 N/A 


Pyrene 2.41 5.71 2.95 3.19d 13100e 723 


Benzothiazole 235 12300 1040 4050 2700f N/A 


Methyl isobutyl ketone 742 36000g 12000 11600 N/A N/A 


Lead 0.978 N/A N/A N/A 41300 6010d 


Zinc 18 N/A N/A N/A 9580000 273000 


a Arithmetic mean for each chemical was calculated from measurement values found in reference studies identified in the 


Literature Review/Gaps Analysis; N/A = not available. 
b “Combined” air includes both indoor and outdoor air without distinction between the two. 
c Does not include measurements from fields that were likely to have blades with lead-containing pigments. 
d Benzo[a]pyrene indoor air concentration, pyrene personal air concentration, and lead field surface wipe concentration each 


represent the arithmetic mean from one study. 
e Pyrene tire crumb concentration contains a reported maximum value of 28700 ng/g, which skews the weighted average. 
f Benzothiazole tire crumb concentration is the reported median from one study. 
g Methyl isobutyl ketone indoor air concentration arithmetic mean is based on two data points. 


Table 5-3. Weighted Geometric Means for Chemicals of Interest in Exposure Pathway Modelinga 


Chemical Air – 
Outdoor 


(ng/m3) 


Air – 
Indoor 


(ng/m3) 


Air – 
Combined 


(ng/m3) b 


Air – 
Personal 


(ng/m3) 


Tire 


Crumb 


(ng/g) 


Field Surface 


Wipes Without 


Contaminated 


Blades (ng/m2)c 


Benzo[a]pyrene 0.073 0.636 0.069 N/A 998 N/A 


Pyrene 1.22 5.68 1.77 3.06 12400 679 


Benzothiazole 159 12200 575 2440 2700d N/A 


Methyl isobutyl ketone 742 36000e 2280 11900 N/A N/A 


Lead 0.98f N/A N/A N/A 28300 4490 


Zinc 15.9 N/A N/A N/A 7660000 255000 


a Geometric mean for each chemical was calculated from measurement values found in reference studies identified in the 


Literature Review/Gaps Analysis; NA = not available. 
b “Combined” air includes both indoor and outdoor air without distinction between the two. 
c Does not include measurements from fields likely to have blades with lead-containing pigments. 
d Benzothiazole tire crumb concentration is the reported median from one study. 
e Methyl isobutyl ketone indoor air concentration geometric mean is based on two data points. 
f Lead outdoor air concentration calculated using maximum values. 


Upper confidence limits (UCLs) of the means were obtained by using ProUCL 5.1 software (U.S. EPA, 


Washington, DC; https://www.epa.gov/land-research/proucl-software). In most cases, the ProUCL-


recommended values were used (i.e., the software uses several methods for calculating point estimates 


and identifies the recommended one), except where the value exceeded the maximum observation. 


UCLs are shown in Table 5-4. 
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Table 5-4. Upper Confidence Limits (UCLs) for Chemicals of Interest in Exposure Pathway Modelinga 


Chemical Air – 
Outdoor 


(ng/m3) 


Air – 
Indoor 


(ng/m3) 


Air – 
Combined 


(ng/m3) b 


Air – 
Personal 


(ng/m3) 


Tire 


Crumb 


(ng/g) 


Field Surface 


Wipes Without 


Contaminated 


Blades (ng/m2)c 


Benzo[a]pyrene 0.145 1.097d 0.615 NC 2758 NC 


Pyrene 5.549 10.53 5.873 NC 11877 1288 


Benzothiazole 297.7 13731 5148 9422 NC NC 


Methyl isobutyl ketone 586.5 NC NC 47955 NC NC 


Lead NC NC NC NC 77584 8583 


Zinc 37.58 NC NC NC 19960747 318805 


a Upper confidence limits were recommended values from the ProUCL 5.1 software (U.S. EPA, Washington, DC), unless 


otherwise noted. NC= not calculated due to limited data. 
b “Combined” air includes both indoor and outdoor air without distinction between the two. 
c Does not include measurements from fields likely to have blades with lead-containing pigments. 
d Benzo[a]pyrene indoor air ProUCL-recommended upper confidence limit exceeded the maximum observation; 95% Central 


Limit Theorem UCL was used. 


Three age ranges available from EPA’s Exposure Factors Handbook (U.S. EPA, 2011b) were selected 


for use in the exposure pathway modeling and are shown in Table 5-5. These three age ranges used for 


modeling are based on the availability of exposure factor information for specific age ranges; however, 


they differ somewhat from the age ranges used for reporting exposure pilot study participant results in 


Section 4. The age ranges reported in Section 4 were based on numbers of participants of different ages 


in the two sport types. Inhalation and ingestion rates were obtained from the Handbook (U.S. EPA, 


2011b) and converted to the units needed for each exposure algorithm. Short-term inhalation rates 


corresponding to a high intensity activity level were extracted and converted from units of cubic meters 


per minute (m3/min) to hourly rates (m3/hr) by multiplying each rate value by 60 minutes per hour (U.S. 


EPA, 2011b). 


Table 5-5. Age Ranges from the EPA Exposure Factors Handbook (U.S. EPA, 2011b) 


Age Group Age Range 


Children 6 to <11 years 


Adolescents 11 to <16 years 


Young Adults 16 to <21 years 


Average daily dose (ADD, expressed as mg/kg-day) over a year from use of fields was calculated using 


equations 5-1 through 5-3 and route-specific spreadsheets modified to include route-specific absorption 


fractions for the inhalation and ingestion routes. Estimates of daily dose on a day that included synthetic 


turf field activity were obtained by multiplying the ADD output by Averaging Time (AT) / Exposure 


Frequency (EF). 


Inhalation 𝐴𝐷𝐷𝑎𝑏𝑠 = (𝐶𝑎𝑖𝑟 × 𝐼𝑛ℎ𝑅 × 𝐸𝑇 × 𝐸𝐹 × 𝐸𝐷 × 𝐴𝐵𝑆)⁄(𝐵𝑊 × 𝐴𝑇) (Equation 5-1) 


Ingestion 𝐴𝐷𝐷𝑎𝑏𝑠 = (𝐶𝑠𝑜𝑙𝑖𝑑 × 𝐼𝑛𝑔𝑅 × 𝐸𝐹 × 𝐸𝐷 × 𝐴𝐵𝑆)⁄(𝐵𝑊 × 𝐴𝑇) (Equation 5-2) 


Dermal 𝐴𝐷𝐷𝑎𝑏𝑠 = (𝐶𝑠𝑜𝑙𝑖𝑑 × 𝐴𝑑ℎ × 𝑆𝐴 × 𝐸𝐹 × 𝐸𝐷 × 𝐴𝐵𝑆)⁄(𝐵𝑊 × 𝐴𝑇) (Equation 5-3) 
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Where: 


ADDabs = average daily dose absorbed (mg/kg-day) 


Cair = concentration of contaminant in air (mg/m3) 


InhR = inhalation rate (m3/hour) 


ET = exposure time (hours/day) 


EF = exposure frequency (days/year) 


ED = exposure duration (years) 


ABS = fraction absorbed (%/100) 


BW = body weight (kg) 


AT = averaging time (days) 


Csolid = concentration of contaminant in crumb rubber (mg/g) 


IngR = ingestion rate (g/day) 


Adh = Solids adherence on skin (g/cm2-day) 


SA = skin surface area available for contact (cm2) 


Exposure scenarios from several other studies that examined exposure to tire crumb rubber constituents 


from synthetic turf provided potential parameter input values for the modeling (Table 5-6). Parameter 


input values for each exposure route used in this exposure pathway modeling are shown in Table 5-7. 


Age-specific adherence factors were calculated by estimating the percentage of a body part exposed 


while wearing a typical sports uniform during the summer, multiplying those percentages by the total 


surface area per body part found in EPA’s Exposure Factors Handbook (U.S. EPA, 2011b), summing 


the products and then dividing by the total exposed body surface area of the body parts to get a weighted 


adherence factor (Equation 5-4); this equation can be found in Chapter 7 of the Handbook (U.S. EPA, 


2011b). Body part percentages were assumed to be 100% of the face, 72.5% of the arms, 40% of the 


legs (to account for socks and short pants), and 100% of the hands. 


𝐴𝐹𝑤𝑡𝑑 = (𝐴𝐹1 × 𝑆𝐴1) + (𝐴𝐹2 × 𝑆𝐴2) + ⋯ (𝐴𝐹𝑖 × 𝑆𝐴𝑖)⁄(𝑆𝐴1 + 𝑆𝐴2 + ⋯ 𝑆𝐴𝑖) (Equation 5-4) 


Where: 


AFwtd = weighted adherence factor (mg/cm3) 


AF = adherence factor (mg/cm3) 


SA = skin surface area of body part available for contact (cm3) 


Table 5-6. Exposure Scenarios from Several Studies, Including this Exposure Pilot Studya,b 


Study Age (years) Sportb Player Activity Level Location 


ECHA 3 to 6 Soccer Not Specified Heavy Exercise Not Specified 


ECHA 6 to 11 Soccer Not Specified Heavy Exercise Not Specified 


ECHA 6 to 11 Soccer Goalkeepers Heavy Exercise Not Specified 


ECHA 11 to 18 Soccer Active, non-professional Heavy Exercise Not Specified 


ECHA 18 to 31 Soccer Professional Heavy Exercise Not Specified 


ECHA 18 to 31 Soccer Professional Goalkeepers Heavy Exercise Not Specified 


RIVM 4 to 11 Soccer Not Specified Recreational Outdoor 


RIVM 7+ Soccer Goalkeepers High Intensity Outdoor 


RIVM 11 to 18 Soccer Performance High Intensity Outdoor 


RIVM 18 to 35 Soccer Performance High Intensity Outdoor 


Connecticut 6 to 18 Soccer Not Specified Not Specified Outdoor 


Connecticut 30 Soccer Not Specified Not Specified Outdoor 


Peterson 6 to 18 Soccer Not Specified Not Specified Outdoor 
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Table 5-6. Continued 
Study Age (years) Sportb Player Activity Level Location 


Peterson 6 to 18 Soccer Not Specified Not Specified Indoor 


Peterson 6 to 18 Soccer Not Specified Not Specified Composite 


Peterson Adult N/A Not Specified Not Specified Spectator 


Peterson Child N/A Not Specified Not Specified Spectator 


Pilot Study 6 to <11 N/A Not Specified High Intensity Composite 


Pilot Study 11 to <16 N/A Not Specified High Intensity Composite 


Pilot Study 16 to <21 N/A Not Specified High Intensity Composite 


a Exposure scenarios identified from the following studies: ECHA (2017), RIVM (2017), Connecticut (Ginsberg, et al., 


2011a), Peterson (Peterson, et al., 2018), and this exposure pilot study. 
b N/A = not applicable 


Table 5-7. Exposure Parameters for Extant Data 


Exposure Parameter Parameter Value Source 


Absorption Fraction – Ingestion (Metals) 30% Zartarian et al., 2017 


Absorption Fraction – Ingestion (All Other 


Chemicals) 


50% Morgan et al., 2005 


Absorption Fraction – Dermal (Metals) 1% U.S. EPA, 2004 


Absorption Fraction – Dermal (All Other 


Chemicals) 


10% U.S. EPA, 2004 


Absorption Fraction – Inhalation 70% Ross, et al., 2001 


Ingestion Rates – 6 to <11 years of age 0.06 g/event U.S. EPA, 2011b, Chapter 5, Table 5-1 Soil + Dust 


(converted to g/event, assuming 1 event per day) 


Ingestion Rates – 11 to <16 years of age 0.03 g/event U.S. EPA, 2011b, Chapter 5, Table 5-1 Soil + Dust 


(converted to g/event, assuming 1 event per day) 


Ingestion Rates – 16 to <21 years of age 0.03 g/event U.S. EPA, 2011b, Chapter 5, Table 5-1 Soil + Dust 


(converted to g/event, assuming 1 event per day) 


Dermal Adherence Factor 2.70E-06 g/cm2 U.S. EPA, 2011ba , Chapter 7, Table 7-4 


Skin Surface Area – 6 to <11 years of age 23069 cm U.S. EPA, 2011ba , Chapter 7, Table 7-2 


Skin Surface Area – 11 to <16 years of age 24541 cm U.S. EPA, 2011ba , Chapter 7, Table 7-2 


Skin Surface Area – 16 to <21 years of age 25202 cm U.S. EPA, 2011ba , Chapter 7, Table 7-2 


Inhalation Rates – 6 to <11 years of age 2.52 m3/hr U.S. EPA, 2011b, Chapter 6, Table 6-2 High 


Intensity (converted to m3/hr) 


Inhalation Rates – 11 to <16 years of age 2.94 m3/hr U.S. EPA, 2011b, Chapter 6, Table 6-2 High 


Intensity (converted to m3/hr) 


Inhalation Rates – 16 to <21 years of age 2.94 m3/hr (U.S. EPA, 2011b) Chapter 6, Table 6-2 High 


Intensity (converted to m3/hr) 


Bodyweight – 6 to <11 years of age 31.8 kg U.S. EPA, 2011b, Chapter 8, Table 8-3 


Bodyweight – 11 to <16 years of age 56.8 kg U.S. EPA, 2011b, Chapter 8, Table 8-3 


Bodyweight – 16 to <21 years of age 71.6 kg U.S. EPA, 2011b, Chapter 8, Table 8-3 


Exposure Timeb – 6 to <11 years of age 1 hr/event Assumed 


Exposure Timeb – 11 to <16 years of age 3 hrs/event Assumed 


Exposure Timeb – 16 to <21 years of age 2 hrs/event Assumed 
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Table 5-7. Continued 


Exposure Parameter Parameter Value Source 


Exposure Frequency – 6 to <11 years of age 78 days/year Assumed 


Exposure Frequency – 11 to <16 years of age 138 days/year Assumed 


Exposure Frequency – 16 to <21 years of age 138 days/year (Ginsberg, et al., 2011) 


Exposure Duration – all ages 1 year Assumed 


Averaging Time – all ages 365 days/year Assumed 


a Calculated using body part percentages and adherence factors per body part. 
b Assumes one event per day. 


Comparisons of parameter values from other studies and those used in this study are shown in Table 5-8. 


Modeling parameter inputs from other studies were chosen using the age groups most analogous with 


those used in this exposure pilot study. From the European Chemicals Agency (ECHA 2017) study, the 


6- to 11- year old non-goalkeeper; 11- to 18-year old active, non-professional; and adult (18- to 31-year 


old) professional non-goalkeeper scenarios were used. The Netherlands National Institute for Public 


Health and the Environment (RIVM 2011) scenarios used in modeling were the 4- to 11-year old 


recreational players and the 11- to 18-year old and 18- to 35-year old performance oriented players. 


Both Connecticut scenarios (Ginsberg, et al. 2011a) were used – 6- to 18-year old players and 30-year 


old players. Estimated exposure results were generated for each exposure pathway using the EPA 


ExpoBox tools (U.S. EPA, 2013). Exposure estimates using extant data are shown in section 5.2.1. The 


following assumptions were made in the calculations using extant data: 


• Adherence of tire crumb to skin was approximated by adherence of soil and dust during 


similar activities as there is no specific adherence rate available for tire crumb itself. 


• Dermal absorption was estimated in the absence of data on the bioaccessibility of 


chemicals in tire crumb. 


• Despite participants in the Exposure Pilot Study reporting occasional abrasions, which 


could lead to an increase in absorption rate, dermal abrasions were not considered in 


these modeling exercises due to the complexity of physiological processes involved in 


vascular absorption and transport. 


• Ingestion rates assume tire crumb is ingested at the same rate as that of dust and soil. 
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Table 5-8. Parameter Input Value Comparisons Among Select Studiesa 


Age 


(years) 


Study Inhalation 


Rate 


(m3/hr) 


Ingestion 


Rate 


(g/event) 


Dermal 


Adherence 


(g/cm2) 


Inhalation 


Absorption 


Fraction 


(%) 


Ingestion 


Absorption 


Fraction 


(*100%) 


Dermal 


Absorption 


Fraction 


(*100%) 


Exposure 


Time 


(hrs/day) 


Exposure 


Frequency 


(days/year) 


Weight 


(kg) 


Skin 


Surface 


Area 


(cm2) 


6 to <11 This Study 


(extant data) 


2.52 0.06 2.70E-06 70 0.3 − 0.5b 0.01 − 0.1b 1 78 31.8 3069 


6 to 11 ECHA (non-


goalkeeper) 


1.92 0.05 0.001 NR 0.5 0.2 1.5 NR 24.3 1750 


6 to 18 Connecticut 3.36c N/A N/A NR N/A N/A 3 138 NR N/A 


4 to 11 RIVM N/A 0.2 0.001 N/A 0.3 0.2 2 NR 15.7 1260 


6 to 18 Peterson et 


al. 


NR 0.05 0.00004 NR 0.06 0.002/0.1d 3 138 49 4881 


11 to <16 This Study 


(extant data) 


2.94 0.03 2.70E-06 70 0.3 − 0.5b 0.01 − 0.1b 3 138 56.8 4541 


11 to 18 ECHA 2.53 0.01 0.001 NR 0.5 0.2 1.5 NR 44.8 2680 


11 to 18 RIVM N/A 0.05 0.001 N/A 0.3 0.2 1.5 NR 44.8 2680 


16 to <21 This Study 


(extant data) 


2.94 0.03 2.70E-06 70 0.3 − 0.5b 0.01 − 0.1b 2 138 71.6 5202 


18 to 31 ECHA 3.07 0.01 0.001 NR 0.5 0.2 4 NR 68.8 3680 


30 Connecticut 3.36c N/A N/A NR N/A N/A 3 138 NR N/A 


18 to 35 RIVM N/A 0.05 0.001 N/A 0.3 0.2 2 NR 68.8 3680 


a N/A = Specified pathway not included in study; NR = Parameter value not reported. 
b This study, using existing measurements (extant data) – Ingestion absorption fraction - 30% metals, 50% all other chemical substances (Zartarian et al., 2017; Morgan et 


al., 2005); Dermal absorption fraction - 1% metals, 10% all other chemical substances (U.S. EPA, 2004) 
c Connecticut reported using a mixture of moderate to intense activity levels for inhalation rate – 2.34 m3/hr for moderate and 4.38 m3/hr for intense activity; the inhalation 


rate of 3.36 m3/hr reported here is the midpoint between the two. They used a ventilation adjustment for adults and children for this reason. 
d Peterson et al., 2018 – Dermal absorption fraction - 0.002 for PAHs, 0.1 for SVOCs 
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5.1.3 Synthetic Turf Field User Exposure Estimation Using Exposure Pilot Study 
Measurements 


After collection and analysis of the exposure pilot study field measurements, model concentrations and 


parameters were updated to reflect measured concentrations from the fields; this included the addition of 


dermal wipe concentrations, metals bioaccessibility (biological) measurements, and concentrations for 


some chemical substances that were missing from existing data (Table 5-9). All other parameters used in 


modeling the exposure pathways using extant data remained the same, apart from the dermal and 


ingestion absorption factors for metals and the use of field dust concentration measurements for 


chemical substances that previously used tire crumb concentrations. The dermal absorption factor used 


for metals was chosen to be 0.1%, because that was the mean percent zinc found to be bioaccessible in 


simulated sweat and sebum fluid. Lead bioaccessibility measurements were < 0.1%, so the use of 0.1% 


would provide a conservative estimate. Mean gastric fluid lead and zinc bioaccessibility values for field 


tire crumb (3.2% for lead and 1.0% for zinc) were used for ingestion (gastrointestinal) absorption. 


With the additional dermal wipe sample concentrations, the use of adherence factors was avoided, and 


loadings on skin were used in the exposure algorithms. The amount of chemical substance directly in 


contact with the skin (i.e., the “loading on skin”) was calculated by multiplying the dermal wipe 


concentration (Cwipe) by the sum of the exposed surface areas of each body part (Equation 5-5). For each 


scenario, exposed skin surface area was estimated using the percentage of the total surface area found in 


EPA’s Exposure Factors Handbook (U.S. EPA, 2011b) for each body part exposed in a typical player 


uniform (see Table 5-7). 


DermalPilot 𝐴𝐷𝐷𝑎𝑏𝑠 = (𝐶𝑤𝑖𝑝𝑒 × 𝑆𝐴 × 𝐸𝐹 × 𝐸𝐷 × 𝐴𝐵𝑆)⁄(𝐵𝑊 × 𝐴𝑇) (Equation 5-5) 


Loading on skin calculated from dermal wipe concentrations provided a potentially more accurate 


dermal exposure measurement than using the highly uncertain assumptions concerning amount of tire 


crumb adhering to skin and amount of chemicals substance transferring from tire crumb onto the skin 


from the exposure modeling with extant data. There are, however, limitations in dermal measurements 


as well, including the assumption of 100% wipe efficiency and the possibility that post-activity 


measurements may have included exposures to the chemical that occurred prior to the synthetic turf field 


activity. 


Despite the collection of air samples from both indoor and outdoor playing fields in the exposure pilot 


study, the information on the type of sample is not available due to concerns over privacy with the small 


number of participants in the study. Instead, the medium for the air samples is identified as “combined.” 
Additionally, no attempt was made to quantify dietary ingestion as part of the exposure pilot study. 
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Table 5-9. Mean Concentrations and Estimated Total Dermal Loads of Chemical Substances Measured in the 


Exposure Pilot Study a, b, c 


Chemical Average Air 


Concentration -


Combined 


(ng/m3) 


Average Tire 


Crumb 


Concentration 


(ng/g) 


Average Dust 


Concentration 


(ng/g) 


Dermal 


Loading – 
Players Age 


6 to <11 (ng) 


Dermal 


Loading – 
Players Age 


11 to <16 (ng) 


Dermal 


Loading – 
Players Age 


16 to <21 (ng) 


Benzo[a]pyrene 7.00E-03 7.80E+02 7.10E+02 2.93E+01 1.85E+01 2.28E+00 


Pyrene 3.57E+00 1.20E+04 5.49E+03 7.77E+01 4.79E+01 8.52E+00 


Benzothiazole 3.87E+02 1.10E+04 4.30E+03 6.09E+02 1.06E+03 3.65E+02 


Methyl isobutyl ketone 7.87E+02 N/A N/A N/A N/A N/A 


Lead 2.17E+00 2.40E+04 3.80E+04 4.92E+02 7.69E+02 1.88E+02 


Zinc 1.57E+02 1.50E+07 9.44E+06 1.13E+05 2.15E+05 7.23E+04 


a Exposure pilot study measurements used in exposure modeling included both field samples (air, tire crumb, field surface 


wipes and dust samples) and personal samples (dermal wipe sample). N/A = not applicable (i.e., no measurements obtained) 
b Temperature and wind conditions at the fields during the air and dermal sample collections are reported in Table 4-27. 
c Total dermal load calculated by summing products of measured body part-specific dermal loadings and exposed surface 


areas. 


5.1.4 Background Exposure Estimation from Residential and Dietary Sources 


Estimates of exposures to chemicals from tire crumb rubber on synthetic turf fields among athletes and 


bystanders can be put into the context of exposure to these same chemical substances in typical 


residential settings, including the contribution from dietary sources. The purpose of this comparative 


analysis was to present “background” concentrations encountered in residences, and the resulting daily 


intake estimates provide some perspective on the magnitude of the estimated daily dose for synthetic 


turf field users. The same algorithms used for exposure estimates to chemicals from tire crumb rubber 


on synthetic turf fields were used for this exercise, except that the exposure factor parameters were 


altered to represent a 24-hour residential exposure including a dietary component. These changes 


included: (1) an assumption that 21 hours/day were spent indoors, (2) use of inhalation rates 


corresponding to long-term inhalation as defined by the Exposure Factors Handbook as “repeated 


exposure for more than 30 days”(U.S. EPA, 2011b), and (3) application of residential indoor dermal 


adherence factors. These contrast with the assumptions of 1-3 hours spent on synthetic turf, inhalation 


rates corresponding to high intensity activity, and dermal adherence factors appropriate to an active 


setting. The remaining exposure factor parameters remained the same, namely, route-specific absorption 


fractions, dust/soil ingestion rates, and age-group specific body weights. All exposure factor parameters 


used to estimate residential and dietary exposures can be found in Table 5-10. Additional literature 


review was conducted to obtain background concentrations needed to estimate resulting daily doses. The 


concentration values used for each chemical substance and medium can be found in Table 5-11. Table 5-


12 illustrates the types of exposure media that were available for the three modeling exercises. 
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Table 5-10. Exposure Parameters for Residential and Dietary Estimates 
Exposure Parameter Parameter 


Value – 
Age 6 to <11 


Parameter 


Value – 
Age 11 to <16 


Parameter 


Value – 
Age 16 to <21 


Source 


Total Food Intake 1.118 kg/day 1.209 kg/day 1.184 kg/day U.S. EPA, 2011b, Chapter 14, 


Table 14-3 (converted to 


kg/day) 


Absorption Fraction – Ingestion 


(Metals) 


30% 30% 30% Morgan et al., 2005 


Absorption Fraction – Dermal 


(Metals) 


1% 1% 1% U.S. EPA, 2011b 


Absorption Fraction –Inhalation 70% 70% 70% Assumed value 


Soil/Dust Ingestion Rates 0.06 g/event 0.03 g/event 0.03 g/event U.S. EPA, 2011b, Chapter 5, 


Table 5-1 Soil + Dust 


(converted to g/event, 


assuming 1 event per day) 


Dermal Adherence Factor 5.00E-06 g/cm2 5.00E-06 g/cm2 5.00E-06 g/cm2 U.S. EPA, 2011b, Chapter 7 


Skin Surface Area 23069 cm 24541 cm 25202 cm U.S. EPA, 2011b, Chapter 7, 


Table 7-2 


Inhalation Rates 0.50 m3/hr 0.63 m3/hr 0.68 m3/hr U.S. EPA, 2011b, Chapter 6, 


Table 6-2 Sedentary/Passive 


activity level (converted to 


m3/hr) 


Bodyweight 31.8 kg 56.8 kg 71.6 kg U.S. EPA, 2011b, Chapter 8, 


Table 8-3 


Exposure Time 21 hrs/day 21 hrs/day 21 hrs/day Assumed for this comparative 


analysis 


Exposure Frequency 365 days/year 365 days/year 365 days/year Assumed for this comparative 


analysis 


Exposure Duration 1 year 1 year 1 year Assumed for this comparative 


analysis 


Averaging Time 365 days/year 365 days/year 365 days/year Assumed for this comparative 


analysis 


This analysis of residential and dietary exposure has several limitations, principally due to the 


availability of only sparse data, often from studies conducted decades ago. Due to a lack of information 


on concentration variability, only point estimates of central tendency were used. Exposure was assumed 


to occur indoors for 21 hours, neglecting commuting and other activities that may lead to higher 


exposures for some of the candidate chemicals. Additionally, demographic and urban/rural differences 


were not considered. These assumptions could lead to underestimation of the total amount of exposure 


for some chemicals. 
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Table 5-11. Residential and Dietary Concentrations Reported in the Literature for Chemicals of Interest 
Chemical a Medium Mean Source 


Benzo[a]pyrene Indoor Residential Air 0.224 ng/m3 Morgan et al., 2005 


Benzo[a]pyrene Food Intake 20-80 ng/day Ma & Harrad, 2015 


Benzo[a]pyrene Indoor Residential Dust 793 ng/g Morgan et al., 2005 


Pyrene Indoor Residential Air 1.9 ng/m3 Clayton et al., 2003 


Pyrene Food Concentration 0.4 µg/kg Clayton et al., 2003 


Pyrene Indoor Residential Floor Dust 0.43 µg/g Chuang et al., 1999 


Benzothiazole Indoor Residential Air 41.6 ng/m3 Wan et al., 2016 


Methyl isobutyl ketone Air (Outdoor) 0.078 µg/m3 U.S. EPA 2011a 


Methyl isobutyl ketone Food Intake 2 µg/day World Health Organization, 2013 


Lead Indoor Residential Air 14.4 ng/m3 Clayton et al., 1999 


Lead Dietary Dose 0.25 µg/kg/day Thomas et al., 1999 


Lead Indoor Residential dust 463 µg/g Clayton et al., 1999 


Zinc Dietary Dose 220 µg/kg/day Thomas et al., 1999 


Zinc Indoor Residential Dust 833 µg/g Rasmussen et al., 2013 


a Unique numerical identifier assigned by the Chemical Abstracts Service (CAS) for each chemical: Benzo[a]pyrene 


(50-32-8), Pyrene (129-00-0), Benzothiazole (95-16-9), Methyl isobutyl ketone (108-10-1), Lead (7439-92-10), Zinc 


(7440-66-6). 


Table 5-12. Data Availability by Chemical and Medium. 
Chemical Medium Data Available in 


Previous Studies 


Data Available in 


Current Study 


Data Available in Residential 


Exposure Literature 


Benzo[a]pyrene Outdoor Air Y N N 


Benzo[a]pyrene Indoor Air Y N Y 


Benzo[a]pyrene Combined Air Y Y N 


Benzo[a]pyrene Personal Air N N N 


Benzo[a]pyrene Tire Crumb Y Y N 


Benzo[a]pyrene Dust N Y Y 


Benzo[a]pyrene Field Surface Residue N Y N 


Benzo[a]pyrene Dermal Residue N Y N 


Benzo[a]pyrene Food Conc./Intake N N Y 


Benzo[a]pyrene Bioaccessibility N N N 


Pyrene Outdoor Air Y N N 


Pyrene Indoor Air Y N Y 


Pyrene Combined Air Y Y N 


Pyrene Personal Air Y N N 


Pyrene Tire Crumb Y Y N 


Pyrene Dust N Y Y 


Pyrene Field Surface Residue Y Y N 


Pyrene Dermal Residue N Y N 


Pyrene Food Conc./Intake N N Y 


Pyrene Bioaccessibility N N N 


150 







 


 


  
  


   


     


     


     


      


     


     


     


     


     


     


     


     


     


      


     


     


     


     


     


     


     


     


     


      


     


     


     


      


     


     


     


     


     


      


     


     


     


     


     


     


    


Table 5-12. Continued 
Chemical Medium Data Available in 


Previous Studies 


Data Available in 


Current Study 


Data Available in Residential 


Exposure Literature 


Benzothiazole Outdoor Air Y N N 


Benzothiazole Indoor Air Y N Y 


Benzothiazole Combined Air Y Y N 


Benzothiazole Personal Air Y N N 


Benzothiazole Tire Crumb Y Y N 


Benzothiazole Dust N Y N 


Benzothiazole Field Surface Residue N Y N 


Benzothiazole Dermal Residue N Y N 


Benzothiazole Food Conc./Intake N N N 


Benzothiazole Bioaccessibility N N N 


Methyl isobutyl ketone Outdoor Air Y N Y 


Methyl isobutyl ketone Indoor Air Y N N 


Methyl isobutyl ketone Combined Air Y Y N 


Methyl isobutyl ketone Personal Air Y N N 


Methyl isobutyl ketone Tire Crumb N N N 


Methyl isobutyl ketone Dust N N N 


Methyl isobutyl ketone Field Surface Residue N N N 


Methyl isobutyl ketone Dermal Residue N N N 


Methyl isobutyl ketone Food Conc./Intake N N Y 


Methyl isobutyl ketone Bioaccessibility N N N 


Lead Outdoor Air Y N N 


Lead Indoor Air N N Y 


Lead Combined Air N Y N 


Lead Personal Air N N N 


Lead Tire Crumb Y Y N 


Lead Dust N Y Y 


Lead Field Surface Residue Y Y N 


Lead Dermal Residue N Y N 


Lead Food Conc./Intake N N Y 


Lead Bioaccessibility N Y N 


Zinc Outdoor Air Y N N 


Zinc Indoor Air N N N 


Zinc Combined Air N Y N 


Zinc Personal Air N N N 


Zinc Tire Crumb Y Y N 


Zinc Dust N Y Y 


Zinc Field Surface Residue Y Y N 


Zinc Dermal Residue N Y N 


Zinc Food Conc./Intake N N Y 


Zinc Bioaccessibility N Y N 


a Y = yes, N = no 
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5.2 Exposure Pathway Modeling Results 


The purpose of this portion of the study was to identify gaps in the data, as well as to compare exposure 


estimates from this study against those from previous studies. Despite an extensive literature review, 


data could not be found for components of some key pathways, including dermal residue loadings for 


dermal exposure and measurements for some of our chemicals of interest in indoor air for inhalation 


exposure. No measurements of methyl isobutyl ketone were found in tire crumb rubber, despite the 


compound being measured in air above synthetic turf in multiple studies. Due to the scarcity of chemical 


measurement data, including limited numbers of studies and typically small numbers of measurements 


per study (e.g., only one or two measured values), estimates of upper confidence level (UCL) values 


were not judged to be reliable. For this reason, UCL data was reported, but was not used to calculate 


estimated exposures. Some key information on exposure factors specific to tire crumb rubber is not 


known at this time; therefore, some of the exposure factors that were used for tire crumb rubber that are 


applicable to soil and dust (e.g., adherence to skin and absorption fractions applicable to soil and dust) 


may not actually be applicable to tire crumb rubber. 


5.2.1 Synthetic Turf Field User Exposure Estimation Results Using Extant 
Measurements 


Results from exposure pathway modeling using weighted arithmetic means of extant measurements are 


shown in Table 5-13. “Average Daily Dose” (i.e., dose averaged over a year using assumed frequency of 
exposure events) is presented to represent prolonged, repeated exposures, whereas “Daily Dose” 


represents the exposure on the day of use. 
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Table 5-13. Estimated Exposure Results Using Extant Measurements, by Exposure Pathwaya 


Chemical Age 


(years) 


Average 


Daily Dose – 
Ingestion 


(mg/kg-day) 


Average 


Daily Dose – 
Dermal 


(mg/kg-day) 


Average Daily 


Dose – Outdoor 


Inhalation 


(mg/kg-day) 


Average Daily 


Dose – Indoor 


Inhalation 


(mg/kg-day) 


Daily Dose – 
Ingestion 


(mg/kg-day) 


Daily Dose – 
Dermal 


(mg/kg-day) 


Daily Dose – 
Outdoor 


Inhalation 


(mg/kg-day) 


Daily Dose – 
Indoor 


Inhalation 


(mg/kg-day) 


Benzo[a]pyrene 6 to <11 3.31E-07 9.13E-09 7.82E-10 8.40E-09 1.55E-06 4.27E-08 3.66E-09 3.93E-08 


Benzo[a]pyrene 11 to <16 1.64E-07 1.34E-08 2.71E-09 2.91E-08 4.33E-07 3.54E-08 7.17E-09 7.70E-08 


Benzo[a]pyrene 16 to <21 1.30E-07 1.22E-08 1.46E-09 2.36E-08 3.44E-07 3.22E-08 3.87E-09 6.23E-08 


Pyrene 6 to <11 2.64E-06 7.29E-08 2.86E-08 6.77E-08 1.24E-05 3.41E-07 1.34E-07 3.17E-07 


Pyrene 11 to <16 1.31E-06 1.07E-07 9.90E-08 2.35E-07 3.46E-06 2.83E-07 2.62E-07 6.21E-07 


Pyrene 16 to <21 1.04E-06 9.72E-08 5.34E-08 1.90E-07 2.74E-06 2.57E-07 1.41E-07 5.03E-07 


Benzothiazole 6 to <11 5.44E-07 1.50E-08 2.79E-06 1.46E-04 2.55E-06 7.03E-08 1.30E-05 6.82E-04 


Benzothiazole 11 to <16 2.70E-07 2.20E-08 9.66E-06 5.05E-04 7.13E-07 5.83E-08 2.55E-05 1.34E-03 


Benzothiazole 16 to <21 2.14E-07 2.00E-08 5.21E-06 4.09E-04 5.66E-07 5.30E-08 1.38E-05 1.08E-03 


Methyl isobutyl 


ketone 


6 to <11 NC NC 8.80E-06 4.27E-04 NC NC 4.12E-05 2.00E-03 


Methyl isobutyl 


ketone 


11 to <16 NC NC 3.05E-05 1.48E-03 NC NC 8.07E-05 3.91E-03 


Methyl isobutyl 


ketone 


16 to <21 NC NC 1.65E-05 1.20E-03 NC NC 4.35E-05 3.17E-03 


Lead 6 to <11 5.00E-06 2.30E-08 1.16E-08 NC 2.34E-05 1.08E-07 5.43E-08 NC 


Lead 11 to <16 2.47E-06 3.37E-08 4.02E-08 NC 6.54E-06 8.91E-08 1.06E-07 NC 


Lead 16 to <21 1.96E-06 3.06E-08 2.17E-08 NC 5.19E-06 8.10E-08 5.74E-08 NC 


Zinc 6 to <11 1.12E-03 5.14E-06 2.13E-07 NC 5.22E-03 2.40E-05 9.98E-07 NC 


Zinc 11 to <16 5.53E-04 7.53E-06 7.40E-07 NC 1.46E-03 1.99E-05 1.96E-06 NC 


Zinc 16 to <21 4.39E-04 6.85E-06 3.99E-07 NC 1.16E-03 1.81E-05 1.06E-06 NC 


a Daily Dose is calculated by multiplying Average Daily Dose (ADD) by AT/EF [i.e., averaging time (days)/exposure frequency (days)]; NC = not calculated. 
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5.2.2 Synthetic Turf Field User Exposure Estimation Results Using Exposure Pilot 
Study Measurements 


Results from exposure pathway modeling using the results of modeling using exposure pilot study 


measurements are shown in Table 5-14. 


Table 5-14. Estimated Exposure Results Using Exposure Pilot Study Measurements, by Exposure Pathwaya 


Chemical Age 


(years) 


Average 


Daily Dose – 
Ingestion 


(mg/kg-day) 


Average 


Daily Dose – 
Dermal 


(mg/kg-day) 


Average 


Daily Dose – 
Combined 


Inhalation 


(mg/kg-day) 


Daily Dose – 
Ingestion 


(mg/kg-day) 


Daily Dose – 
Dermal 


(mg/kg-day) 


Daily Dose – 
Combined 


Inhalationb 


(mg/kg-day) 


Benzo[a]pyrene 6 to <11 1.43E-07 1.97E-08 8.30E-11 6.70E-07 9.20E-08 3.88E-10 


Benzo[a]pyrene 11 to <16 7.09E-08 1.23E-08 2.88E-10 1.88E-07 3.26E-08 7.61E-10 


Benzo[a]pyrene 16 to <21 5.62E-08 1.21E-09 1.52E-10 1.49E-07 3.19E-09 4.02E-10 


Pyrene 6 to <11 1.11E-06 5.22E-08 4.23E-08 5.18E-06 2.44E-07 1.98E-07 


Pyrene 11 to <16 5.48E-07 3.19E-08 1.47E-07 1.45E-06 8.44E-08 3.88E-07 


Pyrene 16 to <21 4.35E-07 4.50E-09 7.76E-08 1.15E-06 1.19E-08 2.05E-07 


Benzothiazole 6 to <11 8.67E-07 4.09E-07 4.59E-06 4.06E-06 1.91E-06 2.15E-05 


Benzothiazole 11 to <16 4.29E-07 7.06E-07 1.59E-05 1.14E-06 1.87E-06 4.21E-05 


Benzothiazole 16 to <21 3.41E-07 1.93E-07 8.41E-06 9.01E-07 5.10E-07 2.23E-05 


Methyl isobutyl 


ketone 


6 to <11 NC NC 9.33E-06 NC NC 4.37E-05 


Methyl isobutyl 


ketone 


11 to <16 NC NC 3.23E-05 NC NC 8.55E-05 


Methyl isobutyl 


ketone 


16 to <21 NC NC 1.71E-05 NC NC 4.52E-05 


Lead 6 to <11 4.90E-07 3.31E-09 2.58E-08 2.29E-06 1.55E-08 1.21E-07 


Lead 11 to <16 2.43E-07 5.12E-09 8.93E-08 6.42E-07 1.35E-08 2.36E-07 


Lead 16 to <21 1.93E-07 9.93E-10 4.72E-08 5.09E-07 2.63E-09 1.25E-07 


Zinc 6 to <11 3.81E-05 7.58E-07 1.87E-06 1.78E-04 3.55E-06 8.74E-06 


Zinc 11 to <16 1.88E-05 1.43E-06 6.47E-06 4.98E-05 3.79E-06 1.71E-05 


Zinc 16 to <21 1.50E-05 3.82E-07 3.42E-06 3.95E-05 1.01E-06 9.05E-06 


a Daily Dose is calculated by multiplying Average Daily Dose (ADD) by AT/EF [i.e., averaging time (days)/exposure 


frequency (days)]; NC = not calculated. 
b Combined inhalation includes both indoor and outdoor air. 


5.2.3 Synthetic Turf Field User Estimated Exposures for Chemicals of Interest by 
Exposure Route 


Route-specific exposures for each chemical of interest are illustrated, using both the extant data and 


exposure pilot study data, in Figures 5-4 through 5-13. 
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5.2.3.1 Benzo[a]pyrene Exposure Estimates 


Figure 5-4. Benzo[a]pyrene daily dose calculated for three age groups, by   


route of exposure, using extant data.  


Figure 5-5. Benzo[a]pyrene daily dose calculated for three age groups, by   


route of exposure, using exposure pilot study data.  
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5.2.3.2 Pyrene Exposure Estimates 


Figure 5-6. Pyrene daily dose calculated for three age groups, by route of 


exposure, using extant data. 


Figure 5-7. Pyrene daily dose calculated for three age groups, across by route 


of exposure, using exposure pilot study data. 
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Benzothiazole - Exposure Pilot Study 
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5.2.3.3 Benzothiazole Exposure Estimates 


Figure 5-8. Benzothiazole  daily dose calculated for three age groups, by route  


of exposure, using extant data.  


 


Figure 5-9. Benzothiazole daily dose calculated for three age groups, by route  


of exposure, using exposure pilot study data.   
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Methyl Isobutyl Ketone - Exposure Pilot Study 
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5.2.3.4 Methyl Isobutyl Ketone Exposure Estimates 


Figure 5-10. Methyl isobutyl ketone inhalation daily dose calculated for three 


age groups, using extant data. 


Figure 5-11. Methyl isobutyl ketone inhalation daily dose calculated for three 


age groups, using exposure pilot study data. 
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Figure 5-12. Lead daily dose calculated for three age groups, by route of exposure, 


using extant data. 
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5.2.3.5 Lead Exposure Estimates 


Figure 5-13. Lead daily dose calculated for three age groups, by route of exposure, 


using exposure pilot study data. 
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Zinc - Extant 
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Figure 5-14. Zinc daily dose calculated for three age groups, by route of exposure, 


using extant data. 


 


 


 


 


  


 


Zinc - Exposure Pilot Study 
Daily Dose (mg/kg-day) log scale 
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Figure 5-15. Zinc daily dose calculated for three age groups, by route of exposure, 


using exposure pilot study data. 


  


5.2.3.6 Zinc Exposure Estimates 
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5.2.4 Background Exposure Estimation Results from Residential and Dietary Sources 


Daily residential plus dietary dose rate estimates for inhalation, dietary and non-dietary ingestion, and 


dermal absorption were calculated for three age groups (Table 5-15). Dietary and non-dietary ingestion 


are summed as “Total Ingestion,” and inhalation, total ingestion, and dermal absorption are summed as 


“Total Estimated Daily Dose.” Estimates are missing where no media-specific background data could be 


located; for example, no values were found through a literature search for benzothiazole concentrations 


in food or dust/soil, so no dietary or non-dietary ingestion or dermal absorption intake rates could be 


estimated. “Total Estimated Daily Dose” represents the summation of all available estimates, assuming 


zero for any missing route-specific estimates. 


In general, route-specific and total estimated doses are highest for the youngest age group and lowest for 


adults. Total estimated dose largely reflects ingestion, with dietary ingestion dominating for some 


chemicals substances and non-dietary ingestion dominating for others. This result is not surprising since 


the highest dust/soil ingestion rates and the highest dietary consumption rates per unit body weight are 


for the youngest age group. 


Table 5-15. Estimated Residential Plus Dietary Daily Dose for Chemicals of Interest, by Age Groupa 


Age 


(years) 


Chemical 


Substance 


Daily Dose -


Inhalation 


(mg/kg-day) 


Daily Dose -


Dietary 


Ingestion 


(mg/kg-day) 


Daily Dose -


Non-Dietary 
Ingestion 


(mg/kg-day) 


Daily Dose -


Total 


Ingestion 


(mg/kg-day) 


Daily Dose -


Dermal 


(mg/kg-day) 


Total 


Estimated 


Daily Doseb 


(mg/kg-day) 


6 to <11 Benzo[a]pyrene 5.18E-08 7.86E-07 2.09E-06 2.88E-06 3.83E-08 2.97E-06 


6 to <11 Pyrene 4.39E-07 7.03E-06 4.06E-07 7.44E-06 2.07E-08 7.90E-06 


6 to <11 Benzothiazole 9.62E-06 NC NC NC NC 9.62E-06 


6 to <11 Methyl isobutyl 


ketone 


1.80E-05 3.14E-05 NC 3.14E-05 NC 4.95E-05 


6 to <11 Lead 3.33E-06 7.50E-05 2.62E-04 3.37E-04 2.23E-06 3.43E-04 


6 to <11 Zinc NC 6.60E-02 4.72E-04 6.65E-02 4.02E-06 6.65E-02 


11 to <16 Benzo[a]pyrene 3.65E-08 4.40E-07 5.86E-07 1.03E-06 3.17E-08 1.09E-06 


11 to <16 Pyrene 3.10E-07 4.26E-06 1.14E-07 4.37E-06 1.72E-08 4.70E-06 


11 to <16 Benzothiazole 6.78E-06 NC NC NC NC 6.78E-06 


11 to <16 Methyl isobutyl 


ketone 


1.27E-05 1.76E-05 NC 1.76E-05 NC 3.03E-05 


11 to <16 Lead 2.35E-06 7.50E-05 7.34E-05 1.48E-04 1.85E-06 1.53E-04 


11 to <16 Zinc NC 6.60E-02 1.32E-04 6.61E-02 3.33E-06 6.61E-02 


16 to <21 Benzo[a]pyrene 3.13E-08 3.49E-07 4.65E-07 8.14E-07 2.88E-08 8.74E-07 


16 to <21 Pyrene 2.65E-07 3.31E-06 9.01E-08 3.40E-06 1.56E-08 3.68E-06 


16 to <21 Benzothiazole 5.81E-06 NC NC NC NC 5.81E-06 


16 to <21 Methyl isobutyl 


ketone 


1.09E-05 1.40E-05 NC 1.40E-05 NC 2.49E-05 


16 to <21 Lead 2.01E-06 7.50E-05 5.82E-05 1.33E-04 1.68E-06 1.37E-04 


16 to <21 Zinc NC 6.60E-02 1.05E-04 6.61E-02 3.03E-06 6.61E-02 


a NC = not calculated. 
b Total estimated daily dose across all exposure pathways incorporates inhaled, total ingested and dermal estimations. 
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5.3 Comparison of Synthetic Turf Field User Exposure Estimates Using Extant Data and 
Exposure Pilot Study Data 


Using existing measurement data for six chemicals and exposure pathway model parameters that 


included many values not necessarily developed for these specific chemicals, tire crumb rubber infill 


material, or synthetic turf field athlete scenarios, we observed the following: 


• In general, chemicals of like or similar classifications (i.e., VOCs) followed similar 


patterns of exposure for each age group. 


• Ingestion appears to be the most significant route of exposure for the PAH SVOCs 


pyrene and benzo[a]pyrene. Estimated exposures were highest for the 6 to <11 age group, 


with lower exposures for older age groups, as the amount of tire crumb rubber 


constituents ingested is assumed to decrease with age due to the decrease in hand-to-


mouth contact. 


• Ingestion is also the dominant route of exposure for the metals lead and zinc and is also 


highest in the 6 to <11 age group. A decrease in exposure is observed for the other age 


groups due to an assumed decrease in incidental ingestion of tire crumb rubber with age. 


• The predominant exposure pathway for the SVOC benzothiazole appears to be inhalation, 


with much higher inhalation exposures at indoor fields than outdoor fields (based only on 


a very small number of indoor field air measurements). 


• Dermal exposures are estimated to be lower than ingestion exposures for the metals and 


PAH SVOCs and much lower than the inhalation exposure for benzothiazole. Dermal 


exposure was not observed to be the dominant route of exposure for any of the 


compounds of interest; however, there are large uncertainties in the model adherence and 


dermal absorption parameters. 


Using measurements of bioaccessibility of metals in tire crumb rubber and exposure-related 


measurement data from this exposure pilot study (including measurements of chemical substances in 


field dust and on dermal wipes), the exposure pathway models were re-run. We observed the following 


using the data from this study: 


• There was no change in the dominant route of exposure for each chemical substance, and 


trends were consistent with each age group. 


• Estimates for ingested dose using data from the exposure pilot study were lower than 


dose estimates using extant measurements, based on lower metal and PAH SVOC levels 


in field dust compared to tire crumb rubber and lower exposure pilot study ingestion 


absorption for metals based on the bioaccessibility (biological sample) results. 


• There are no objective data for assessing incidental ingestion of tire crumb rubber or 


synthetic turf field dust for synthetic field turf scenarios, leaving ingestion exposure 


estimates still highly uncertain. 


• Direct dermal loading measurements in the exposure pilot study provided the ability to 


calculate the amount of chemical directly in contact with the exposed skin, avoiding more 


uncertain adherence assumptions concerning adherence of crumb to skin. Exposure pilot 


study dermal estimates for metals were lower than results obtained using extant 


measurement data together with assumed tire crumb rubber dermal adherence values. 


• Exposure via the dermal route was relatively low for each chemical substance, especially 


for lead and zinc, when this exposure pilot study’s bioaccessibility measurements 
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replaced the more conservative (i.e., higher) dermal absorption estimates for metals using 


extant data. 


The following observations were made regarding potential improvements in exposure estimates based 


on additional data collected in the exposure pilot study: 


• Laboratory bioaccessibility measurements for lead and zinc reduced uncertainty from


assumptions concerning the amount of the metal available to be absorbed.


• Dermal wipe measurements reduced uncertainty from assumptions concerning the


amount of chemical substances (excluding methyl isobutyl ketone) transferred from tire


crumb directly onto skin.


• In the absence of dermal wipe measurements, measurements of chemical substances in


crumb rubber field dust (instead of in the larger crumb rubber granules) is likely to


provide better estimates of the amount of chemical substances likely to transfer to skin.


• Measurements from field dust are also likely to provide better estimates of exposure


through ingestion, compared to measurements from the larger granules.


Even with the data from the exposure pilot study, several limitations remain. These include the 


following: 


• The exposure pilot study field measurements were not able to provide any measurements


of methyl isobutyl ketone in tire crumb rubber granules or dust or on field surfaces.


• No additional pathways could be completed for methyl isobutyl ketone based on new


data collected during the exposure pilot study.


• Both extant data and exposure pilot study field data ignore the contribution of dietary


intake from off-field activities to the total intake for relevant chemical substances.


• Small sample size of the exposure pilot study necessitated the combining of


measurements from indoor and outdoor fields, limiting the scope of the modeling effort.


• A lack of data on bioaccessibility for chemical substances in crumb rubber field dust


serves to increase the uncertainty of the route-specific exposure estimates for all three


routes (see Figure 5-2).


5.4 Comparisons Between Synthetic Turf Field and Background Exposure Estimates 


Total daily dose estimates calculated from residential plus dietary concentrations, from extant synthetic 


turf field data from the literature, and from the synthetic turf field data collected in this exposure pilot 


study are presented in Table 5-16. The table includes daily dose estimates for all three age groups in the 


exposure pilot study. Dose estimates for benzothiazole are not shown due to scarcity of data. Daily 


residential plus dietary dose estimates for benzo[a]pyrene are similar to estimates using extant synthetic 


turf field data and associated model parameters, but higher than estimates for synthetic turf field users 


based on data from this exposure pilot study. Daily residential plus dietary dose estimates for pyrene are 


slightly lower than estimates using extant synthetic turf field data but higher than estimates for synthetic 


turf field users based on data from this study. For lead and zinc, the total estimated daily doses are 


substantially higher for residential plus dietary than for synthetic turf fields. The differences among the 


three sets of results (residential plus dietary background, extant synthetic turf, and measurements in the 


exposure pilot study) are illustrated for benzo[a]pyrene, pyrene, lead, and zinc in Figures 5-16 through 


5-19, respectively.
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Benzo[a]pyrene Total Estimated Dose Comparison 
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Figure 5-16. Total estimated benzo[a]pyrene background (residential/dietary) and 


synthetic turf field daily dose rate comparison across all pathways, by age group. 


 


Table  5-16. Total  Estimated  Daily Dose Across  all Pathways  by Age Groupa  


 Age  Chemical Substance Estimated Total Estimated Total Estimated Total 


 (years)   Daily Dose –   Daily Dose –   Daily Dose – 
Residential Plus  Synthetic Field,  Synthetic Field, 


 Dietary Background  Extant Data  Exposure Pilot Study  


 (mg/kg-day)  (mg/kg-day)  (mg/kg-day) 


 6 to <11  Benzo[a]pyrene  2.97E-06  1.64E-06  7.62E-07 


 6 to <11  Pyrene  7.90E-06  1.32E-05  5.62E-06 


 6 to <11   Methyl isobutyl ketone  4.95E-05  2.04E-03  4.37E-05 


 6 to <11  Lead  3.43E-04  2.36E-05  2.43E-06 


 6 to <11  Zinc  6.65E-02  5.24E-03  1.90E-04 


 11 to <16  Benzo[a]pyrene  1.09E-06  5.53E-07  2.21E-07 


 11 to <16  Pyrene  4.70E-06  4.63E-06  1.92E-06 


 11 to <16   Methyl isobutyl ketone  3.03E-05  3.99E-03  8.55E-05 


 11 to <16  Lead  1.53E-04  6.74E-06  8.92E-07 


 11 to <16  Zinc  6.61E-02  1.48E-03  7.08E-05 


 16 to <21  Benzo[a]pyrene  8.74E-07  4.42E-07  1.52E-07 


 16 to <21  Pyrene  3.68E-06  3.64E-06  1.37E-06 


 16 to <21   Methyl isobutyl ketone  2.49E-05  3.21E-03  4.52E-05 


 16 to <21  Lead  1.37E-04  5.33E-06  6.37E-07 


 16 to <21  Zinc  6.61E-02  1.18E-03  4.96E-05 


a  Total estimated daily dose across all pathways for each part of the study; benzothiazole comparison not shown due  


to scarce data.   
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Lead Total Estimated Dose Comparison 
(mg/kg-day) 


0.00E+00 


1.00E-04 


2.00E-04 


3.00E-04 


4.00E-04 


6 to <11 


11 to <16 


16 to <21 


Figure 5-18. Total estimated lead background (residential/dietary) and synthetic 


turf field daily dose rate comparison across all pathways, by age group. 
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Figure 5-17. Total estimated pyrene background (residential/dietary) and synthetic 


turf field daily dose rate comparison across all pathways, by age group. 
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Figure 5-19. Total estimated zinc background (residential/dietary) and synthetic 


turf field daily dose rate comparison across all pathways, by age group. 


 


 


 


  


      


  


 


 


 


   


 


  


 


 


  


  


  


    


   


  


 


  


 


  


   


Differences between total estimated doses using extant data from synthetic turf fields versus data from 


the tire crumb rubber characterization portion of the study (U.S. EPA & CDC/ATSDR (2019) and the 


exposure pilot study can be attributed to several factors, including: a) different concentrations measured 


in this study, b) the use of dust measurement data in this study instead of tire crumb rubber for ingestion 


estimates, c) the use of direct dermal measurements in this study instead of an assumed adherence factor 


for tire crumb rubber, and d) the use of laboratory-measured bioaccessibility of zinc and lead instead of 


the assumed values used for the extant data. 


Measurements of the six compounds of interest in media from environments not known to be impacted 


by contamination are relatively sparse. In addition, some of the data that were available for U.S. 


populations were collected almost 20 years ago and may not reflect current exposures in the population. 


Due to the paucity of background concentration measurements, the total residential plus dietary 


background daily dose estimates should be considered highly uncertain. Benzothiazole estimates could 


not be calculated, and methyl isobutyl ketone data were missing for key media, especially residential 


indoor air and indoor dust measurements. The air concentrations for methyl isobutyl ketone were 


measured in outdoor air and are not considered a good surrogate of residential indoor air. Zinc was also 


missing indoor air measurements. 


The process of modeling using algorithms that rely on exposure factor parameters required some large 


assumptions. For example, EPA’s Exposure Factors Handbook (U.S. EPA, 2011b) provides no 


applicable indoor dust adherence rates for adults, and the adherence factor recommended for children 


had to be used across all age groups. 


The six chemical substances evaluated in this comparative analysis are only indicative of a small subset 


of the chemicals associated with tire crumb rubber; however, due to the limited or unavailable 


environmental concentration, dietary intake, and bioaccessibility and concentration data available for 


those chemicals, testing protocols have not been fully developed, and at this time, gathering enough 


information to apply to modeling residential and dietary exposures is not feasible. 
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5.5 Conclusions 


Based on these modeling exercises, we report the following observations regarding the accuracy and 


uncertainties in exposure estimates for athletes using synthetic turf fields: 


• The data are not adequate to support probabilistic exposure modeling approaches. For


many chemicals found to be associated with tire crumb rubber infill on synthetic turf


fields, there is a lack of robust data for many exposure media, including air (particularly


in athlete breathing zones), field surfaces and field dust, and dermal residue loadings.


This lack of robust data likely results in increased uncertainty in exposure estimation.


• Current exposure estimates are somewhat limited by the lack of exposure scenarios that


more fully account for actual activity levels and types and frequencies of contact, and


their differences among sport types (e.g., football vs. soccer) and specific positions (e.g.,


goalkeepers) that likely involve higher rates of contact with turf materials.


• There are limited or no data available for some of the important parameters needed to


estimate exposures for athletes using synthetic turf fields with tire crumb rubber infill.


The lack of parameter data leads to applications of assumed values or values applied from


non-equivalent scenarios, both of which can lead to considerable uncertainties in


exposure estimates. In some cases, conservative values are applied that may lead to


exposure over-estimation but are considered to be protective in assessments for exposed


populations. In other cases, important exposure mechanisms may not be correctly


accounted for, potentially leading to exposure under-estimation. Some of the important


parameters with no or limited data include:


o Concentration of tire crumb rubber particles of various size fractions in the


breathing zones of athletes under different athletic activity conditions


o Ingestion rates for tire crumb rubber particles of various sizes during athletic


activities


o Skin adherence rates of tire crumb rubber particles of various sizes, for both dry


skin and sweaty skin conditions


o Skin adsorption rates for organic chemicals associated with tire crumb rubber


particles of various sizes


o Respiratory absorption rates for inorganic and organic chemicals associated with


tire crumb rubber particles of various sizes


o Ingestion (gastrointestinal) absorption rates for organic chemicals associated with


tire crumb rubber


• There are a large number of chemical substances associated with tire crumb rubber infill


that have not been included in most exposure assessments. Lack of certainty in the


identification of many of these chemicals and lack of quantitative measurements inhibits


a more complete cumulative exposure assessment.


Estimates of “background” exposures to benzo[a]pyrene, pyrene, lead and zinc from residential and 


dietary sources were calculated and compared to modeled exposure estimates for synthetic turf field 


users to provide perspective on the magnitude of the exposures estimated for athletes. The following 


observations were made from that analysis: 
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• Benzo[a]pyrene and pyrene exposures from residential plus dietary sources were 
estimated to be 1.5 to 3 times higher than modeled exposure estimates for synthetic turf 
field users based on data produced in this exposure pilot study.


• When using previously published literature results for synthetic turf fields and somewhat 
different model parameters (e.g., duration of exposure), benzo[a]pyrene exposures from 
residential plus dietary sources were similar to those for synthetic turf field users. Pyrene 
exposures were ≤ 1.5 times higher for synthetic turf field users using extant literature data 
compared to residential plus dietary sources. Not based on pilot study


• Lead and zinc exposures from residential plus dietary sources were estimated to be over 
100 times higher than modeled exposure estimates for synthetic turf field users based on 
data produced in this exposure pilot study and over 10 times higher for estimates using 
extant data from the literature to model exposures for synthetic turf field users.


Previous exposure estimates for athletes have primarily focused on soccer players of various age groups 


and playing intensities. More work is needed to examine potential exposures for other sport types and 


for certain positions within sports. For example, football athletes, rugby athletes, and soccer goalies are 


likely to experience substantially different dermal and ingestion exposures than soccer field players due 


to their much more frequent contact with turf materials. They may also experience higher particle 


inhalation due to the nature of their play and more frequent proximity to the turf surface. Players using 


mouthguards, typically required in football, may also experience higher oral contact rates with residues. 


More data are needed on activity types and contact rates, along with improved approaches for measuring 


chemicals in the relevant exposure media, dermal wipes, and biological samples to develop or improve 


exposure pathway model parameter values for estimating athlete exposures at synthetic turf fields. 


Some researchers have developed exposure estimates for non-athletes at synthetic turf fields. More 


information regarding time and activities by coaches, referees, maintenance workers, parents and young 


siblings could be beneficial to extending and improving exposure estimation for these groups. 


Finally, a large number of inorganic and organic chemical substances have been found to be associated 


with tire crumb rubber. These chemicals have a large range of chemical and physical properties that 


affect how they are released from the tire crumb rubber material and absorbed in the body. It remains a 


challenge to accurately estimate inhalation, dermal and ingestion exposures across this large range of 


chemicals, and even more of a challenge to estimate potential risks on a cumulative exposure basis. 


Studies that investigate biomarker identification of chemical substances found in tire crumb rubber can 


contribute to exposure modeling for a more robust exposure profile. Currently, data are likely to be 


sparse for estimating background exposures for many of the chemicals associated with tire crumb rubber 


for comparison with synthetic turf field user exposure estimates. 
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7.0 Appendices 


The following Appendices can be found in Volume 2 of this report: 


A Supplemental Biomonitoring Study 


B Quality Assurance and Quality Control 


C Standard Operating Procedures (SOP) for Exposure Characterization Research 


D Synthetic Field Facility User Questionnaires 


E Exposure Characterization Meta-Data Collection Forms 


F Blood Metals and Serum Metals Analysis Protocols 


G Video Activity Data 


H Feasibility Assessment for Silicone Wristband Passive Samplers at Synthetic Turf Fields 
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President, The Friends of Concord-Carlisle Playing Fields



From: Justin Richardson
To: Gina Stark
Cc: finance mail; Kerry Lafleur; Elizabeth Hughes; Megan Zammuto; Steve Dookran; Ron Holsinger
Subject: RE: Pedestrian Safety
Date: Thursday, December 5, 2024 7:18:39 AM
Attachments: image001.png

Hi Gina,
 
For larger projects such as this, CPW Engineering will typically set up a webpage on the website
specific to the project.  We would typically do this after the construction contract has been awarded
so that we can provide updates on the construction. When the webpage is set up, I will send you the
link.
 
In discussions with Officer Holsinger, he has offered to move the speed board to that section of
Thoreau Street in the next few days. The board collects traffic/speed data that will be used to
determine if speeding is an issue.  CPD will also continue their traffic enforcement on Thoreau Street. 
CPW Engineering will review the area to determine if a reduction in lane width is applicable.  If
deemed applicable, the reduction in lane width will be implemented by moving the fog line (white
edge line) closer to the roadway centerline and thus providing a larger roadway shoulder. In some
cases, the reduction in lane width has a traffic calming effect by causing vehicles to travel slower.
 Just to make you aware, if applicable, this will not be completed until the weather is conducive for
pavement markings and CPW’s 2025 Pavement Markings contract has been executed with the
selected contractor.
 
The measures mentioned above will be implemented in the short term.
 
Thank you.
 
Justin Richardson, PE | Assistant Town Engineer
Office: (978) 318-3210 | direct (978) 318-3213
jrichardson@concordma.gov
 
From: Gina Stark <ginasborella@gmail.com> 
Sent: Wednesday, December 4, 2024 10:31 AM
To: Justin Richardson <jrichardson@concordma.gov>
Cc: finance mail <finance@concordma.gov>; Kerry Lafleur <klafleur@concordma.gov>; Elizabeth
Hughes <ehughes@concordma.gov>; Megan Zammuto <mzammuto@concordma.gov>; Steve
Dookran <sdookran@concordma.gov>; Ron Holsinger <rholsinger@concordma.gov>
Subject: Re: Pedestrian Safety

 
Justin, Thanks for your response, also. I will update the neighborhood on the
Walden project. Where do we see and get updated on this on the town website?
When I search 'Complete Streets' or 'Walden Street' I get 1000 pages of nothing more
recent than 2023 which appears to be the sidewalk improvement downtown.
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Program Schedule and Milestones

The Complete Streets Funding Program deadlines are detailed in the graphic below. Tier 1 Complete Street
policies may be submitted|and reviewed by MassDOT at any time. Tier 2 Prioritization Plans may be
submitted up to one month in advance of a Tier 3 funding round. MassDOT reviews Tier 3 applications and
awards funds twice a year. All municipalities must move through the program sequentially, completing steps
from the previous tier. A Municipality Requirements Checklist is provided in Appendix B.

FIGURE 3: PROGRAM DEADLINES

TIER1

TIER 2

PRIORITIZATION CONSTRUCTION
PLAN APPLICATION

NOTICE TO PROCEED

POLICY

ROUND 1 Rolling April 1 May 1 August

ROUND 2 Rolling September 1 October 1 February

MASSDOT 2 months from
RESPONSE






Regarding Traffic Calming, I must not be communicating clearly. I know that Officer
Holisinger responded to me and understand there is no immediate budget for
sidewalk improvements on Thoreau St. However, Officer Holsinger was not given
any other response or solution to the problem. My question, again, is what can be
done in the meantime? As I have stated, it is increasingly hard for children and
aging/elderly adults to maintain safety in their everyday lives. The traffic is too
fast and there is no safe place to get off the road while walking to school, as
example. I can think of at least 4 things that could be implemented and enforced
easily at a minimal expense. What solutions will be considered? 
 
Thanks again for the response. 

Gina (Borella) Stark
952-240-8374
 
 
On Wed, Dec 4, 2024 at 9:07 AM Justin Richardson <jrichardson@concordma.gov> wrote:

Hi Gina,
 
Below are the answers to your questions:
 

1.                  Your request was discussed at the 9/16/2024 Traffic Management Group
(TMG) Meeting, and Ron Holsinger, a member of the TMG, responded to your request
via email on 10/24/2024. The result of the discussion at the TMG was that this project
was not a planned improvement that was on the Town’s radar and was not included in
the approved Complete Streets Prioritization Plan list.  The project was added to a list
of requested sidewalk and crosswalk locations that the TMG maintains as a result of
several similar requests.  This list is used to by CPW as backup for our Pedestrian
Safety and Bike Improvements capital funding requests, and we also use projects from
this list when applicable State and Federal grants become available for the Town to
apply for.

 

2.                  We are working on the agreement between MassDOT and the Town to have it
executed within the next few weeks.  We will then select a Design Consultant to
perform the survey and prepare a design. If all goes according to plan, we may be able
to have a bid out in late spring or summer of 2025.  After the project is bid and a
contractor selected, we hope to have construction start later in 2025.

 
I hope this answers your questions.  Feel free to reach out to me if you have any other questions.
 
Thank you.
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Justin Richardson, PE | Assistant Town Engineer
Office: (978) 318-3210 | direct (978) 318-3213
jrichardson@concordma.gov
 
From: Gina Stark <ginasborella@gmail.com> 
Sent: Tuesday, December 3, 2024 3:06 PM
To: Justin Richardson <jrichardson@concordma.gov>
Cc: finance mail <finance@concordma.gov>; Kerry Lafleur <klafleur@concordma.gov>; Elizabeth
Hughes <ehughes@concordma.gov>; Megan Zammuto <mzammuto@concordma.gov>; Steve
Dookran <sdookran@concordma.gov>
Subject: Re: Pedestrian Safety

 
Thanks for the response. Yes, this is good news. I do have some questions as I am
sure the neighbors will, as well. Immediately the questions are:
1. Where is the traffic calming request I submitted? Has anyone seen it? Is it being
considered? What else do you need from me and the neighborhood?
2. What is the timeline on the contract review and start of construction?
 

Gina (Borella) Stark
952-240-8374
 
 
On Tue, Dec 3, 2024 at 1:40 PM Justin Richardson <jrichardson@concordma.gov> wrote:

Ms. Stark,
 
You requested an update on the Town’s Complete Street Grant application. CPW Engineering
submitted an application requesting $500,000.00 for the construction of an asphalt sidewalk on
Walden Street from Magnolia Street to Brister’s Hill Road, which was Item #4 on the Town’s
approved prioritization plan with MassDOT.  I have attached a map that  shows the scope of the
work.  We are excited because we were just informed by MassDOT that we will be awarded our
requested amount. 
 
Currently, the Town is reviewing the agreement with MassDOT.  Once the agreement is
executed, CPW Engineering will begin the process of finding a consultant to perform the design
of the project.
 
Please let me know if you have any questions related to the Complete Streets Grant.
 
Thank you.
 
Justin Richardson, PE | Assistant Town Engineer
Office: (978) 318-3210 | direct (978) 318-3213
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jrichardson@concordma.gov
 
From: Gina Stark <ginasborella@gmail.com> 
Sent: Monday, December 2, 2024 10:47 AM
To: Megan Zammuto <mzammuto@concordma.gov>
Cc: finance mail <finance@concordma.gov>; Kerry Lafleur <klafleur@concordma.gov>;
Elizabeth Hughes <ehughes@concordma.gov>; Steve Dookran <sdookran@concordma.gov>
Subject: Re: Pedestrian Safety

 

HI,
 
I have not heard from anyone. I am still hoping to get an update on the pending
grant and what we can do in the meantime about keeping everyone safe. I have
been reading through the Complete Streets Funding Guidelines. It seems the
response time is pretty structured and the entire process is about 6 months?.
Can someone provide an update regarding where are we at in the application
process? Lastly, I would like to know what the options are for safety that can be
implemented more immediately. I have yet to receive an update on the
neighborhood request for 'Traffic Calming', as well. I look forward to
your response.
 
 

Gina (Borella) Stark
952-240-8374
 
 
On Tue, Nov 19, 2024 at 10:09 PM Gina Stark <ginasborella@gmail.com> wrote:

Thanks for the response again. I have, indeed, filled out the form and have supplied
signatures from the immediate neighbors plus some. I'm happy to keep going here and
gather more. It was given to Officer Holzinger 6 weeks ago or more . Has it not been
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submitted for review or consideration? How do I confirm this is in front of the proper
people at the proper time? I'm confused by the disconnect here and why it takes so long
to obtain communication, information and feedback. 
 
It would be great to hear from Steve as the need to solve this is urgent. A VW GTI passed
over the double yellow line to over take another car on Thoreau Street last week. There
has been no sign of the requested police speed enforcement, no sidewalk, no
pedestrian lane and young children and aging citizens trying to safely use the road. There
has been no response from the school safety office in response to the email I've send
providing license plates and evidently no submittal of the traffic calming request I
completed 6 weeks ago or more. 
 
What am I missing? Please help.
 
Gina
952-240-8374
 
On Tue, Nov 19, 2024, 8:45 PM Megan Zammuto <mzammuto@concordma.gov>
wrote:

Hello Ms. Stark,
 
Thank you for your reply. I will defer to my colleague Steve to connect you with the latest
Complete Street materials for your review.
 
Traffic calming requests typically come to our Traffic Management Group. Our policy and
form to report a problem can be found here. Microsoft Word - 2022 Traffic Calming
Policy[100].doc.
 
I recognize your concern about students traveling safety to and from school as a key
priority. Members of our Transportation Advisory Committee have been strong advocates
for the Safe Routes to School program, and we were recently awarded a grant to implement
various signage and line painting modifications that were identified in a recent walk audit for
the Thoreau School. I think our preference would be to expand this assessment to other
schools in Town – and I will ask Elizabeth to follow up directly to share if there are any
additional audits being planned at this time.
 
Thank you again for your comments and suggestions on this topic.
 
Megan J. Zammuto (she/her)
Deputy Town Manager
Town of Concord
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22 Monument Square
Concord, MA 01742
978-318-3006
mzammuto@concordma.gov

 
From: Gina Stark <ginasborella@gmail.com> 
Sent: Wednesday, November 13, 2024 4:51 PM
To: Megan Zammuto <mzammuto@concordma.gov>
Cc: finance mail <finance@concordma.gov>; Kerry Lafleur <klafleur@concordma.gov>;
Elizabeth Hughes <ehughes@concordma.gov>; Steve Dookran
<sdookran@concordma.gov>
Subject: Re: Pedestrian Safety

 
Thanks for responding. 
 
I understand that there is a 'transportation and mobility vision' and a
contract with Sentac. That part is clear to me. I have, indeed, looked
through all the information online. It is pretty poorly outlined to be frank.
There are many links to inconclusive and disjointed information. Where is
the information on the Complete Streets grant and why is the complete
loop for Thoreau and Walden not feasible? It seems like the addition to
integrate both would be nominal. It is a small, yet key portion to our
thriving downtown and historic attractions. Afterall, the train station is on
Thoreau Street. The parking lot at Crosby's is used for commuter overflow.
The tourists walk down Thoreau St. I know this because I stop people and
ask. Obviously the study did not include any of this type of research.  
 
That said, while we work on the sidewalks, there are other ways to keep
pedestrians safe that do not require the finances of installing a sidewalk.
We should maybe start there. I have suggestions, the first of which is
reducing the speed limit and actually enforcing it. The second is that public
works actually maintains the shoulders appropriately. There are 3 kids that
live less than a half mile from school that have to walk on the road. Winter
is upon us soon. What are the options here?  
 
I am looking forward to more insight and getting this figured out. Thanks
for your time.

Gina (Borella) Stark
952-240-8374
 
 
On Tue, Nov 12, 2024 at 8:36 PM Megan Zammuto <mzammuto@concordma.gov>
wrote:

Hello Ms. Stark,
 
My apologies for the delay in responding. Thank you for sharing your concerns about
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Some people who received this message don't often get email from ginasborella@gmail.com. Learn why this
is important

pedestrian safety along Thoreau Street and Walden Street. We recognize the importance
of safe, accessible sidewalks to support Concord’s residents and visitors and appreciate
your proactive input.
 
Pedestrian improvements are central to Concord’s Transportation and Mobility
Vision, developed by our Transportation Advisory Committee (TAC) to address
Concord's diverse transit needs. This vision emphasizes creating a transportation
system that prioritizes pedestrian safety and accessibility, with the goal of a more
connected and walkable community.
 
Currently, our consultants at Stantec are focusing on the first action outlined in this plan,
which involves assessing and managing our existing street and sidewalk infrastructure.
Walden Street has been identified as a priority area based on feedback from recent
public forums and surveys. The Town applied for a Complete Streets grant to support
sidewalk construction here, and we are awaiting a decision from MassDOT.
 
Although Thoreau Street between the Concord-Carlisle High School driveways has not
yet been specifically prioritized, we understand the importance of this corridor. This and
other key areas may be considered in future plans to enhance pedestrian safety as we
work toward the community’s shared transportation vision.
Thank you again for your valuable input. Please feel free to reach out with any further
questions or insights. For more details on the TAC’s goals and the Transportation and
Mobility Vision, you can also visit this link.
 
Sincerely,
 
Megan J. Zammuto (she/her)
Deputy Town Manager
Town of Concord
22 Monument Square
Concord, MA 01742
978-318-3006
mzammuto@concordma.gov

 
From: Gina Stark <ginasborella@gmail.com> 
Sent: Friday, October 25, 2024 11:43 AM
To: finance mail <finance@concordma.gov>; Kerry Lafleur <klafleur@concordma.gov>;
Megan Zammuto <mzammuto@concordma.gov>; Elizabeth Hughes
<ehughes@concordma.gov>
Subject: Pedestrian Safety

 

Dear Town of Concord Officials,
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I am writing to express my deep concern regarding the safety of
pedestrians in our town due to the lack of adequate sidewalks in many
areas. As a resident of Concord, I have witnessed firsthand the risks faced
by pedestrians, particularly children and the elderly, who are forced to
share the road with vehicles.

The absence of sidewalks, particularly on Thoreau Street between the
two CCHS driveway entrances and along Walden St up to Route 2 and
Walden Pond, create a dangerous environment for pedestrians, increasing
the likelihood of accidents and injuries. This is particularly troubling
given the growing number of pedestrians, cyclists, and motorists sharing
our roads.

It is my understanding that, in prior years, the need for sidewalks was
determined by the automobile volume and the number of residences,
rather than the volume of bike and foot traffic. Should a pedestrian audit
be conducted, I am certain the findings will show the crucial need to
shift our focus away from counting automobiles to counting pedestrians.
Living on Thoreau Street, not only do we lack a safe way of getting
children to school, we see a steady stream of pedestrian traffic all year
long from the train station/Crosby's market towards Walden Pond.
Therefore, I request that the town allocate funds to study pedestrian
safety and mobility, which is equally, if not more important than
automobile infrastructure. By investing in both, we can create a
transportation system that is safe, accessible, and sustainable for all.
 
I urge the town of Concord to prioritize pedestrian safety and invest in
the construction of sidewalks along major roadways and residential
areas. This would not only improve the overall quality of life for our
residents but also contribute to a more pedestrian-friendly community
for tourists that help support the local economy.  
 
Thank you for your attention to this important matter. I look forward to
your prompt response and action on this urgent issue.

Sincerely,
 
Gina (Borella) Stark
952-240-8374
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Members Present: Peggy Briggs, Eric Dahlberg, John Garofalo, Pat Geyer, Don Kupka, 
Lyndsey Lis, Dee Ortner, Karlen Reed, Paul Rodriguez. 

Members Absent: Suresh Bhatia, Kathy Cuocolo, Greg Guarriello, Quazi Sadruzzaman, Sri 
Tupil, Lois Wasoff.  

Others Attending: Anthony Ansaldi (CFO), Zach Lamoureux (Senior Financial Analyst); Mary 
Hartman, Mark Howell, Terri Ackerman, Wendy Rovelli, and Cameron McKennitt (Select 
Board), Kerry Lafleur (Town Manager), Megan Zammuto (Deputy Town Manager), Jessica 
Porter (Assistant Town Manager), Andrea Mountain (Executive Assistant to Select Board); 
Carrie Rankin, Alexa Anderson, Tracey Marano, Julie Viola, Cynthia Rainey, Brian Waterson 
(Concord Public Schools and Concord-Carlisle Regional High School Committee members); Dr. 
Laurie Hunter (Superintendent), Bob Conry (School Assistant Superintendent – Finance); and 
members of the public. 

1: Call to Order of the Finance Committee Meeting at 6:00 p.m. by Chair Eric Dahlberg. 

2: FY26 Capital Budget Process – Presentation of five-year financial forecast (FY26-FY30): 
Mr. Ansaldi reviewed the slide deck in the meeting packet, touching on the five-year revenue and 
expenditure forecasts. He highlighted where the revenues came from (property taxes, state aid, 
local receipts, and other financing sources), the levy limit calculation, and the expense drivers for 
FY26 (town government, joint accounts, schools, and capital outlay).  Assumptions in these 
estimates include a 4% increase for FY26 for both revenues and expenses and a 10% - 12% 
increase in health insurance costs. Mr. Ansaldi noted that free cash as certified in 2024 was 
$9,820,395, representing about 8% - 9% of the annual budget. He encouraged the three boards 
assembled to create capital stabilization plans from excess free cash. His calculations showed 
that the projected unused levy capacity is expected to drop from $2.6M in FY25 to below zero 
starting in FY28, because the FY28 projected expense will exceed the projected revenues. Mr. 
Ansaldi said that might prompt a Proposition 2 ½ override. 

FinCom members inquired about the break-even point of a budget increase where the levy 
capacity does not go below zero. Other board members asked for more information about the 
unused levy capacity calculations, bonding for the Middle School, debt service levels, OPEB 
(other post-employment benefits / health costs), free cash percentages, excluded debt levels, the 
4% growth estimates, the schools’ and Town’s main cost drivers, and maintaining existing 
service levels in the face of subjective and mandatory regulations. 

FY26 Capital Budget Process – General Overview of ten-year Capital Improvement Plan 
(FY26-FY35): Mr. Ansaldi presented the unvetted categories of ten-year capital improvement 

Town of Concord 
Minutes of the November 18, 2024  

Joint Committee Meeting of Finance Committee, 
Select Board, and School Committee 

FY26 Capital Budget Process 
Hybrid Meeting 
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requests for the Town ($376M) and Concord Public Schools ($28M) and noted that he and Ms. 
Lafleur would meet the next week to prioritize the list in preparation for the December 16 capital 
planning meeting. He reviewed the Tier I capital requests (up to $250K/request, paid with cash) 
at a 3% outlay goal, which would be about $4M for FY26. Mr. Ansaldi noted the Tier II capital 
requests ($250K - $2M, paid from borrowing and staying within the levy limit), which would be 
$6.5M for FY26. He also presented information on possible Tier III capital requests (above $2M) 
which will include a $5M Warrant Article for FY26 for road improvements, funded from a Town 
Meeting vote as debt excluded from the levy limit (excluded debt) and to be followed by a 
Special Town Election to confirm the vote. The total requested capital outlay for FY26 
(including Concord Public Schools) is $18M. Future years’ Tier III capital requests could add 
another $118M from FY27 – FY30 for additional road work and new facilities for the Public 
Works Department and the Public Safety Department. 

Dr. Hunter discussed potential use of a “performance management” approach to potential energy 
saving investments to ensure that the investment is paid through related cost savings, noted that 
the Ripley Building is not included in the current projections at this time, and school buses will 
continue to be in the Operating Budget. Mr. Conry noted that the Amenities Bldg at CCHS will 
be discussed in a separate meeting and noted that spending will be fairly level through ’28, with 
a bump up in ’29 and ’30. Mr. Conry addressed the Concord Public School’s capital requests of 
$908K (net, total is $1.5M, less $627K assumed funded by third-party performance management 
agreements and energy grants) for FY26. These improvements include repairing the roof at 
Thoreau, irrigation for fields for the new Middle School, improving lighting at Alcott, and fixing 
the building exterior at Willard. Capital requests for CPS for FY27-FY30 add roughly $4.2M to 
the FY26 amount. Dr. Hunter and Mr. Conry also included information in the packet about the 
Regional School’s capital plans for the amenities building (roughly $2M, to be discussed further 
by the Regional School Committee). Dr. Hunter noted that the Regional School District expects 
to use private donations to fund a new outdoor track facility. The District will look into replacing 
the Memorial Field turf, HVAC units on the high school roof, and creating a stabilization fund 
for future capital requests. 

Chair Hartman noted that several pieces of land are becoming available and are under discussion 
for future use by the Town, and asked that the Ripley Bldg (Preschool classrooms and Schools 
Admin) needs be needs be added to that discussion. 

Superintendent Hunter noted that over $1 million is needed for the Thoreau School, however the 
amount to be requested has been reduced as they will utilize $200k from a previous capital 
project, a $400k CPC grant, have received a bequest of $200k, and are attempting to raise 
additional funds. The capital request is expected to be approx. $200k. 

FinCom members asked whether the Tier III capital requests for the Public Works and Public 
Safety departments could occur in different years, rather than be lumped together in FY28, and 
about the Thoreau school roofing issues. FinCom members also requested Mr. Ansaldi to prepare 
the traditional “pile-on” slide, showing the long-term debt retirement, or declining debt, progress, 
for the next capital planning meeting. Other board members inquired about the total Town asset 
balance, tax level increases due to the capital requests, the effects of level payments vs. level 
principal debt funding, construction cost estimates for the Public Works and Public Safety 
buildings, the process to collect the 194 Town requests for capital improvement funds, 
concession stand size in the amenities building, Thoreau campus improvements, taking public 
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comment at the December 16 meeting, using some of the Middle School stabilization fund, 
private fund raising, and the upcoming Budget Book format. 

Mr. Ansaldi noted that a digital budget book will be available next year, and all budget books and 
the capital forecast will be available on the Town’s web site. 

3: Recap of Action Items/Adjournment: The next FinCom meetings are November 21, 2024, 
and December 19, 2024, at 6:30 p.m., and the next Joint Meeting on the Capital Improvement 
Plan is December 16, 2024, at 6:00 p.m. Chair Dahlberg adjourned the FinCom’s portion of the 
joint meeting at 7:20 p.m. 

YouTube: Ctrl+Click to follow link: November 18, 2024 Concord Select Board, Finance 
Committee, and Joint School Committee Meeting video 

 Meeting Documents Link to August 19, 2024 Joint Meeting Packet: Meeting packet for 
November 18, 2024 Joint meeting of Select Board, Finance Committee and Joint School 
Committee.  

https://www.youtube.com/watch?v=Yc4W7-60xMU&ab_channel=MinutemanMediaNetwork
https://www.youtube.com/watch?v=Yc4W7-60xMU&ab_channel=MinutemanMediaNetwork
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12.16 draft DK  

 

 

 

 

Members Present: Peggy Briggs, Kathy Cuocolo (on-line), Eric Dahlberg, John Garofalo, Pat 
Geyer (on-line), Greg Guarriello, Don Kupka, Lyndsey Lis, Dee Ortner, Karlen Reed, Paul 
Rodriguez, Sri Tupil, Lois Wasoff. 

Members Absent: Suresh Bhatia, Quazi Sadruzzaman. 

Others Attending: Anthony Ansaldi (CFO), Carrie Rankin (Concord Public Schools and 
Concord-Carlisle Regional High School Committee member); Dr. Laurie Hunter 
(Superintendent); and members of the public. 

1: Call to Order of the Finance Committee Meeting at 6:30 p.m. by Vice Chair Lois Wasoff. 

2: Public Comment: None. 

3: Minutes: The FinCom considered the meeting minutes of October 24, 2024 (regular and joint 
meeting with the Carlisle Finance Committee) and of November 7, 2024. As for all three sets, 
Ms. Ortner moved to approve as presented and Mr. Guarriello seconded the motion. The vote 
was unanimous for approval. 

4: Chair Dahlberg joined the meeting @6:20 and assumed leadership from Vice Chair 
Wasoff mid-way through item 5. 

5: Finance Committee’s FY26 Guidelines – Discuss and Vote on Preliminary FY26 
Guidelines: Vice Chair Wasoff opened the discussion and asked Ms. Lis to review five proposed 
preliminary guideline scenarios. Ms. Lis went through each scenario and spreadsheet in the 
meeting packet, which included the FinCom’s earlier budgeting and ability-to-pay metrics of 
1.37% (projected real personal income growth), 3.22% (projected inflation relevant to Concord’s 
town and school expenses) and 3.36% (projected nominal personal income growth).  

Summary Table: 

Scenario CPS CCRSD Town Totals Excess 
Levy 
Capacity  

FY25 
budgets 
approved at 
Town 
Meeting 

$46,515,714 $23,150,489 $32,745,639 $102,411,842  

Scenario 1 –
3.57% 
aggregate 
increase; 

$47,873,028 
($0 reduction) 
subtracted 

$24,174,081 
($0 reduction) 

$34,021,742 
($0 reduction) 

$106,068,851 
($0 reduction)  

2.29% 

Town of Concord 
Minutes of the November 21, 2024  

Meeting of Finance Committee 
Hybrid Meeting 
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FY26 
forecasts 

$500K for MS 
savings  

Scenario 2A 
– 3.38% 
aggregate 
increase 

($106,905 
reduction) 

$77,714 
increase 

($162,751 
reduction) 

($191,942 total 
reduction) 

2.42% 

Scenario 2B 
– 3.31% 
aggregate 
increase 

($106,905 
reduction) 

$0 reduction ($162,751 
reduction) 

($269,656 total 
reduction) 

2.51% 

Scenario 3 – 
2.44% 
aggregate 
increase 

($547,079 
reduction) 

($138,461 
reduction) 

($472,620 
reduction) 

($1,158,160 
total reduction) 

3.30% 
(current 
level) 

Scenario 4 – 
3.22%  
aggregate 
increase 

($171,108 
reduction) 

$34,309 
increase 

($224,968 
reduction) 

($361,767 total 
reduction) 

2.60% 

FY26 
Prelim 
Guideline – 
2.44% 
aggregate 
increase 

$47,358,692 
($514,336 
reduction 
from FY26 
forecast) 

$23,957,154 
($216,927 
reduction 
from FY26 
forecast) 

$33,597,025 
($424,717 
reduction from 
FY26 forecast) 

$104,912,871 
($1,155,980 
reduction from 
FY26 
forecasts) 

3.30% 
(current 
level) 

 

Notes: Scenario 1 reflects a $500K reduction to reflect the Middle School consolidation savings. 
Excess levy capacity reflects the amount of the Town’s ability to raise real property taxes and 
still stay within the levy limit and not trigger the need for a Proposition 2 ½ override vote at a 
Town Election or Special Town Election. Scenario 2B removes the $77,714 increase to CCRSD. 

Committee members expressed their deep appreciation to Ms. Lis for her extensive work 
developing the preliminary guideline scenarios with analysis and supporting data. Members 
questioned how the guidelines reflected the Middle School savings generated by the 
consolidation of the two middle schools into one and building the new Middle School ($500K); 
whether the CPS Tier 1 capital expenses for FY26 ($340K for two new busses) should be 
excluded from the guidelines; and whether to exclude the CPS and CCRSD out-of-district 
special education tuition costs for FY26  ($1,857,620 for CPS, $3,923,009 for CCRSD) from the 
guidelines. 

FinCom members expressed their desire to treat the Schools and Town fairly and to not penalize 
the budgeting units for expenses that are out of their control. They noted the unpredictability of 
special education costs in Concord and Carlisle, the shifting of risk between Town and Schools 
for surprise expenses, the need for “head room” in the levy capacity, delays in seeing new 
development which would generate new taxable sources, i.e., new growth, the rise in Town 
expenses since 2011, the existence of shared costs among Town, CPS, and CCRSD, and the five-
year budget forecast. 
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Dr. Hunter and Mr. Ansaldi added their preliminary observations regarding the scenarios inputs, 
including relevant terms of the CCRSD Regional Agreement and the use of Circuit Breaker 
funds for out-of-district tuitions. Ms. Rankin noted that the School Committees would see their 
FY26 budgets at their January meeting. Chair Dahlberg observed that the philosophy behind 
using a preliminary guideline was to guide the budget entities. He confirmed that the final 
guideline will be adopted at the December 19, 2024 FinCom meeting. 

Committee members generally supported the 2.44% preliminary guideline of Scenario 3 because 
it holds the excess levy capacity at its current level of 3.30% and therefore will maintain the 
Town’s good fiscal position and help prevent the Town and its citizens from facing a budget 
override vote in FY28. Members noted that adoption of a preliminary guideline greater than 
2.44% would probably result in a reduction of the Town’s levy capacity and push the Town 
quickly towards the override. Members also agreed to apply the preliminary guideline target to 
the underlying operating costs only, and to exclude the Middle School savings, out-of-district 
special education tuitions, and CPS Tier 1 capital from the guidelines calculation as these costs 
are either uncontrollable or unique. 

One committee member expressed concern that the 2.44% preliminary guideline could create a 
hardship on the Town and Schools to meet the recommended budget cuts. Another was 
concerned that 2.44% is not a sufficient stake in the ground to prompt changes sufficient to 
prevent future overrides. Other committee members commented that adopting a 2.44% 
preliminary guideline would send an appropriate message to the Town, Schools, and Town 
Meeting that we need to reduce our spending now, as additional revenue sources are not likely to 
arise in the near future and the five-year budget forecast foresees an override vote needed to 
cover the FY28 Town and School budgets. Chair Dahlberg noted that the preliminary guideline 
was not FinCom’s final answer. 

A vote was taken on motion by Vice Chair Wasoff, seconded by Mr. Garofalo, to adopt a 2.44% 
aggregate preliminary guideline. The motion passed 12 Aye, 1 Nay, 0 Abstained. Chair Dahlberg 
noted that he would send the preliminary guideline results with an explanatory memo to the 
budget entities; he will ask them to provide feedback by December 16. Chair Dahlberg then set a 
new FinCom meeting for December 16 following the joint capital planning meeting so the 
FinCom can review and discuss the feedback received from the Town and Schools on the 
preliminary guideline.  

Ms. Lis said she would work with Mr. Ansaldi to evaluate the tax impact of the preliminary 
guideline on the median assessed value of a single family residence. Ms. Briggs asked Mr. 
Ansaldi to update the five-year town and schools budget forecast using the 2.44% preliminary 
guideline before the December 16 FinCom meeting. 

5: Finance Committee’s Policies – Discussion regarding Free Cash, Excessive Levy 
Capacity, and Other Policies: Mr. Kupka suggested we should revisit the FinCom policies and 
practices on free cash, currently around $8 million, and the levy capacity. Committee members 
discussed the current 5% policy for free cash, the need and uses for stabilization funds, and the 
need for spending flexibility.  Chair Dahlberg suggested that he and Mr. Ansaldi should discuss 
by December 16 whether and how to form a work group or subcommittee that would set up or 
modify the Town’s free cash and excess levy capacity policies. 
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6: Liaison Reports: In addition to the reports in the meeting packet, Mr. Tupil reported that none 
of the warrant articles being developed by the Planning Board (parking, zoning, and ADU – 
additional dwelling units – bylaw changes and floodplain changes) appear to merit FinCom 
attention for Town Meeting at this time. Vice Chair Wasoff reported that the Housing Roundtable 
will be held December 10 by Zoom. 

7: Correspondence: Chair Dahlberg noted an unsigned letter to the FinCom regarding a 
taxpayer’s concerns about high property taxes. 

8: Finance Committee’s Report to Town Meeting for FY26 – Discuss: Mr. Kupka showed 
several slides with early ideas for the FinCom annual report, focusing on the cost of providing 
services in Concord. The FinCom Annual Report is due for a FinCom final vote on May 8, 2025. 
He encouraged the FinCom to make a one-page handout with its Warrant Article 
recommendations and place them on the Town Meeting tables, in addition to the FinCom Report. 
Mr. Kupka emphasized the size of the enterprise fund costs (light, water, solid waste, etc.). 

9: Recap of Action Items/Adjournment: Chair Dahlberg will send a memo to the budget 
entities and the Carlisle Finance Committee about the preliminary guideline, asking for 
responses by December 16. He will also work with Mr. Ansaldi on setting up a work group to 
examine our free cash and levy capacity policies. Mr. Kupka will continue working on the 
Annual Report. Ms. Lis and Mr. Ansaldi will work on creating a table showing the tax impacts of 
the 2.44% preliminary guideline. The next FinCom meetings are the Joint Meeting on Capital 
Improvement Plan on December 16, 2024, 6:00 p.m., the FinCom’s meeting on December 16 
immediately following the joint capital planning meeting, and the FinCom’s regular meeting on 
December 19, 2024, 6:30 p.m.  Chair Dahlberg adjourned the FinCom meeting at 9:12 p.m. 

YouTube: Ctrl+Click to follow link: November 21, 2024 Finance Committee meeting video 

Meeting Documents Link to August 19, 2024 Joint Meeting Packet: Meeting packet for 
November 21, 2024 FinCom meeting.  

https://www.youtube.com/watch?v=6J30O9QDoP8&ab_channel=MinutemanMediaNetwork
https://concordma.gov/DocumentCenter/View/51595/00---FC-Packet-for-11-21-24
https://concordma.gov/DocumentCenter/View/51595/00---FC-Packet-for-11-21-24
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From: Nicolle Keally
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields
Date: Monday, December 16, 2024 9:40:07 AM

Some people who received this message don't often get email from nhkeally@gmail.com. Learn why this is
important

Dear Select Board, Town Managers, and Finance Committee,

 

I am writing to formally request that the Doug White Fields are replaced with modern turf. My
reasons are below:

Having multiple turf fields helps differentiate Concord and create a place where residents can
engage in sports across the seasons.  The Doug White Fields are utilized by thousands of athletes
each year, including state championship-level high school sports. Therefore, the fields must be both
durable and of high quality.

Environmental rationale will be used as a reason to go with grass.  In reality, maintaining a high-
quality grass field at this location is not feasible given the weather and usage. Grass fields, to remain
in top condition, cannot be heavily used and are extremely costly to maintain. They require constant
care, fertilization, and extensive irrigation, consuming between 0.5 million to 1 million gallons of
water annually.  Recently the Environmental Protection Agency recently released a study showing no
evidence of incremental toxicity exposure to athletes from rubber crumb.

Concord lacks an abundance of town fields for youth sports. The CCYS program maximizes the use of
every available field, yet we still face shortages at times. Losing access to Doug White Fields, even
temporarily, would severely impact our sports programs and therefore the health of our children as
athletics provide a positive way for them to engage with each other and exercise.

Funds are already available to support the turf replacement, and the cost of maintaining new turf
fields will be significantly lower than any alternative.

 

Sincerely,

Nicolle Keally

361 Simon Willard Road

917-744-7865

mailto:nhkeally@gmail.com
mailto:klafleur@concordma.gov
mailto:mzammuto@concordma.gov
mailto:mhartman@concordma.gov
mailto:markhowell@concordma.gov
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mailto:cmckennitt@concordma.gov
mailto:wrovelli@concordma.gov
mailto:wrovelli@concordma.gov
mailto:finance@concordma.gov
https://aka.ms/LearnAboutSenderIdentification
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From: Jennifer Bridgman
To: Kerry Lafleur; Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy

Rovelli; finance mail
Subject: Doug White Fields
Date: Monday, December 16, 2024 8:39:48 AM

You don't often get email from jlhoneyman@comcast.net. Learn why this is important

Dear Town Managers, Select Board, and Finance Committee,
I'm writing to express my support for the replacement of the Doug White Turf fields
with new, modern turf. My daughters are 14 and 16 years old and have used these
fields for sports since they were very young all the way through today in high school. I
understand the current turf has reached the end of its life span, and also understand
there is support for replacing these fields with grass fields. I believe changing these
fields to grass would alter CC sports negatively for many, many years to come, as
well as alter the way games are played. My daughters play field hockey, among other
sports, and playing field hockey on grass is an entirely different game than playing on
turf. This will impair the teams' abilities to be competitive in a league where other
teams are regularly practicing and playing games on quality turf fields.
In addition to specific sport disadvantages, the highly variable weather in Concord
would cause teams to lose countless hours of playing time because of necessary
cancellations to protect grass fields in poor weather conditions. The Doug White fields
are used by thousands of players each season and it's important that the fields are of
high quality to support the level of play that happens here. Turf is the only surface that
can support the hundreds of hours of continuous usage the fields receive. The
Friends of CC Playing Fields has accumulated over $1.5M over the past 16 years for
the replacement of the current turf fields with new turf fields. Those funds are
available and ready to use for turf only, which will significantly help defray the cost to
the town of replacing the current fields.
I believe a driving force behind the movement to put grass fields in at Doug White is
environmental impact, but as I understand it, the comparison between turf and grass
is close to being a wash, making the many downsides of grass fields in this location
simply not worth whatever small gains they may provide. The EPA recently released
a long term study showing no evidence of incremental toxicity exposure to athletes
from rubber crumb. And while turf certainly does have an environmental impact, grass
does too and requires constant maintenance, mowing, irrigation and fertilization,
which is both costly and has environmental impact.
I hope you will advocate for athletes, families, and CCHS programs by supporting the
replacement of the Doug White turf fields with new turf fields, and take advantage of
the funds available for this project from the Friends of CC Playing Fields. Thank you
for your time reading my letter, and for all of the work you do to support Concord.
Sincerely,
Jennifer Bridgman
100 Alcott Road

mailto:jlhoneyman@comcast.net
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From: Kelly Ryan
To: Megan Zammuto; Mary Hartman; Mark Howell; Terri Ackerman; Cameron McKennitt; Wendy Rovelli; finance

mail; Kerry Lafleur
Cc: Chris Ryan
Subject: Support for Doug White Fields at Upcoming Select Board Meeting
Date: Monday, December 16, 2024 9:45:06 PM

Some people who received this message don't often get email from kellygryan@gmail.com. Learn why this is
important

Dear Select Board, 

I hope this message finds you well. 

I am writing to express my support for the installation of turf fields as opposed to traditional
grass fields in our community. 

As we strive to enhance our athletic facilities and provide the best possible environment for
our athletes, I believe that turf fields present numerous advantages that can significantly
benefit our sports programs and the community as a whole. 

First and foremost, turf fields offer enhanced durability and resilience. Unlike grass, which can
become muddy and unplayable after heavy rain or prolonged use, turf fields maintain their
playability in various weather conditions. This means that our athletes can practice and
compete consistently without the interruptions that often plague grass fields. 

The ability to use these fields year-round ensures that our teams can train effectively and
remain competitive. 

 Additionally, turf fields require less maintenance than traditional grass fields. The costs
associated with mowing, watering, and fertilizing grass can add up significantly over time. In
contrast, turf fields have a longer lifespan and lower maintenance requirements, allowing us to
allocate our resources more effectively. This could free up funds for other important initiatives
within our athletic programs or community projects. 

Another critical consideration is the safety of our athletes. Turf fields are designed with shock-
absorbing materials that reduce the risk of injuries compared to natural grass surfaces. Studies
have shown that turf can provide better traction, reducing the likelihood of slips and falls
during play. As we prioritize the health and safety of our young athletes, this factor cannot be
overlooked. 

Moreover, turf fields can accommodate a wider variety of sports and activities. Their
versatility opens the door for more community events, tournaments, and recreational
opportunities for residents of all ages. This increased usage can foster community spirit and
encourage a more active lifestyle among our citizens. 

In conclusion, continuing to invest in turf fields can yield numerous benefits for our
community, from improved safety and performance for our athletes to reduced maintenance
costs and increased usage opportunities. 

I urge you to consider the long-term advantages of this transition and to support the

mailto:kellygryan@gmail.com
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mailto:markhowell@concordma.gov
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mailto:finance@concordma.gov
mailto:finance@concordma.gov
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development of turf fields in our area.  

Thank you for your time and consideration. I look forward to seeing our community thrive
with enhanced athletic facilities. 

Sincerely,
Kelly Ryan  

-------
Kelly G. Ryan
(617) 827-1974
kellygryan@gmail.com

mailto:kellygryan@gmail.com
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