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INTRODUCTION

Recycled tire crumb rubber (TCR) is often used as infill material
in synthetic turf playing fields as well as some playgrounds.
Concerns have been raised about the safety of this material and
a multi-agency Federal Research Action Plan on Recycled Tire
Crumb Used on Playing Fields and Playgrounds was developed
to investigate key factors that could impact the environment

Parameter Value

Agilent 7890 Gas chromatograph

Capillary injector in splitless mode

Pulsed splitless at 25 psi for 0.5 min, then split at 50 mL/min at 1 min.
Temperature: 2502C

Liner: Single gooseneck glass, deactivated

Injection volume: 1 pL

Parameter Value

GC System Agilent 6890 Gas chromatograph

Capillary injector in splitless mode, Split at 50 mL/min at 0.75 min.
Temperature: 2502C

Liner: Single gooseneck glass, deactivated

Injection volume: 1 pL

Column Restek RTX-5 Sil MS, 60 M x 0.25 mm x 0.25 pm,
Column flow: 1.0 mL/min

Column Agilent VF-5ms, 30 M x 0.25 mm x 0.25 pm,
Column flow: 1.2 mL/min

Temperature 409 C for 2 min to 3402 C at 52 C/min, hold 5 min.
& Temperature 502 C for 2 min to 3252 C at 102 C/min, hold 5 min. Program
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Figure 11. Representative MRM Chromatogram

Let sit for 2 minutes Sonicate for 15 minutes Figure 12. Representative Deconvoluted Chromatogram for TCR Collected from a Field

Segment Compound Class RT CE Prod2 CE CE £x107]

Vortex for an additional minute Hericr ex”(?:?;fj‘:eango mi. bttt 1 Cyclohexaneamine TCR 4471  69.8 431 15 99.8 56 8 s
1 Analine TCR 6.521 92.7 66.1 15 65 39.1 15 ;1_5:
1 n-Butylbenzene TCR 7.858 90.5 65.1 20 134 91.2 25 42:‘::
contug 00 o= SRR 47O St N I i £l
3 Benzothiazole TCR 1062 135 821 30 135 108 20 25
3 Cyclohexylisothiocyanate TCR 10.713 819 67 10 140.6 55.1 25 2.75
Transfer the extract into a 15 mL Concentrate the extract to 2-5 mL 4 Resorcinol TCR 11.241 109.8  82.1 15 109.8 69 20 225
amber vial with a PTFE-lined cap. with a parallel evaporator (Figure 10) 4 2-Methylnaphthalene PAH 11.638 1423 1412 20 142.3 115.1 45 114.7 89.1 20 24
4 1-Methylnaphthalene PAH 11.863 1423 1412 20 1423 1151 45 1147  89.1 20 Y
5 Dicyclohexamine TCR 13.229 137.5 56.1 10 137.5 83.1 15 1.259
Transfer 1 mL to an autosampler vial Transfer the concentrated extract to a 5 Dimethyl phthalate Phthalate 13.584 163 77 30 163 135 15 o7a] MMMW
for GC/MS/MS Analysis 15 mL graduated tube 5 Acenaphthalene d8 PAH 13.712 1599  158.1 20 159.9 132.1 20 0.5+
5 Acenaphthalene PAH 13.743 1519 1261 30 1519 1021 30 2L J‘r e L ‘ ‘ ‘ . U ‘ ‘ : : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
5 Phthalimide TCR 13.889 146.8 103.1 10 146.8 76.1 35 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 60.00 62.02 %g:nmieﬂ?n
5 Acenaphthene d10 PAH 14092 1641 1621 30 162.1  160.1 15 e o
5 Acenaphthene PAH 14169 1521 126.1 30 152.1 102.1 30 Figure 13. Representative Total lon Chromatogram for TCR Collected from a Field
5 2,6-Di-tert-butyl-p-cresol TCR 14.241 1445 105.1 15 144.5 129.1 20
5 N,N-Dicyclohexylmethylamine TCR 14.33 151.5 70.1 10 151.5 55.1 25
6 Diethyl phthalate d4 Phthalate 15.252 153 69.1 50 153 97.1 30
G E N E RAL AP P RO AC H 6 Diethyl phthalate Phthalate 15278 149 65 30 149 93 20
6 n-Hexadecane TCR 15.322 85.1 43.1 10 98.9 57.1 10
6 Fluorene d10 PAH 15.33 176 174.2 20 175 172.1 50
6 Fluorene PAH 15.401 166.1 165.1 15 165.1 164.1 15
6 4-tert-Octylphenol TCR 15.453 106.8 77.1 20 134.3 107.1 15
. . . 7 2-Bromomethylnaphthalene PAH 16.29 140.6 115.1 20 219.8 141.1 10
7 2-Hyd b thiazol BT 16.396 150.7 96.1 25 150.7 123.1 20 g
TCR samples were collected from nine tire recydlng plants and 8 Dinn;g:hioepth:nelzgoe BT 1734 1915 1461 50 1915 1601 30 e Several solvent systems were evaluated and 1:1 Acetone Hexane was selected based on it’s
1 1 ns 1 8 Dib thioph BT 17.385 183.4 139.1 25 183.4 152.1 50
40 synthetic turf fields across the U.S. and were divided into 3 Dibenzothiophene TR o o S S s effectiveness without solvating the rubber itself
. . . . 8 Phenanthrene PAH 17.678 177.9 152.1 25 176.1 150.1 25
subsamples for characterization experiments (Figure 1). T T e N 7= 773N 2 = 7 =W * For TCR extraction, a composite TCR sample was prepared and was used as a reference sample to be
Emissions expenmentslwere conducted at 252C, 46 % Relative 2 3Methyphenanthrene EAHN] FuaigsB 45220 2Bl BIz0M Bae720 i 0NN Rio2 M el s prepared with all sample batches along with reagent blanks and spikes. The reference sample was
idi -1 i 0 0 9 1-Methylphenanth PAH 19.153 1887 163.1 40 1922 1912 20 1922 1651 45 i
Humidity (RH) and 1 h* air change (ACH) rate, and 602C, 6.6 % S o ot | lods 17 a6l M0 1922 1912 20 used due to the lack of a suitable TCR surrogate.
RH, 1 h"t ACH in dynamic emission micro chambers (Figure 2) — e e R s S * For Emissions samples, matrix blanks and spikes and a recovery spike were used for QAQC samples.
TCR and emissions samples collected on PUF (Figure 3) were 11 Pyrens di0 o 2094 218 202 20 219 281 20 * Twenty-one isotopically labelled analogs were used as internal and surrogate standards.
0 g 11 P PAH 21.036 201.1 200.1 15 200.1 174.1 30 . g 0 0 o o
extracted with 1:1 acetone:hexane and prepared for analysis 12 Dithexyiphthalate (2)13C2 Phthalate 22647 153 66 25 153 951 20 « TCR extracts were diluted 1/10 and 1/100 following sample extraction in order to stay within the
12 Benzyl butyl phthalate d4 Phthalate 22.756 153 69.1 25 153 97.1 5 0
(Flgu re 4) 12 Benzyl butyl phthalate Phthalate  22.77 149 65 25 91 65 15 anaIytlcaI range of the GC/MS/MS system (01-500 ng/m L)
' 13 bis(2-Ethylhexyl) adipate Phthalate  23.017 147  55.1 25 111 55.1 15 . i . . i
Data were acquired for all samples using GC/MS/MS in MRM 12 a1 PAHIL 238581 124021 23520 IS0 g1 41611 TS . Several-cor.npounds, primarily amines and hydroxy PAHs, required LC/MS analysis for accurate
mode with a calibration range of 0.1-500 pg/uL. MQLs, which i — ——  ———— quantification.
. 13 Bis-2-ethylhexyl phthalate d4 Phthalate ~ 24.165 153 69.1 25 153 97.1 20 . imi 1 i i i 1
were derived based on accuracy of standards compared to the 1 5o o N S Prellrlnlnary wlork mcihl;:ated that PUFhand other rgedla need to be solvent cleaned and dried in a
. . 13 1-.Hy roxypyrene PAH 24,195 217.5 189.1 40 188.5 163.1 40 |n Vv r |n Wi rri r r ni r n.
calibration curves, ranged from 0.1-10 pg/uL. D — e e I L 0 iainiess stee’ ESse’ by Purging WIth carrier grade nitrogen. .
. . T ST —— T * Tire crumb rubber is a complex matrix requiring careful choices of solvents and analytical approaches
Non-ta rgeted analySIS Was aISO performEd by vaUIrIng data by 15 Benzo(k)fluoranthene d12 PAH 26.311 263.9 260.2 50 132.2 118.1 10 . . . . e H .
- : 15 Benzo(k)fluoranthene PAH 26355 2521 2502 35 1264 1131 10 * Extractions result in a complex mixture of SVOCs requiring substantial data processing
GCMS in scan mode (50-550 m/z) and then deconvoluting and 15 Benzole)pyrene d12 PAH 2681 264 2602 40 1322 181 15 : ) . : . . .
. . . . . 15 Benzofelpyrene PAH 2686 252 2502 50 125 112 20 * Targeted analyte provide valuable information on tire crumb chemical constituents and potential
library matching the spectra to tentatively identify components. 15 (Benzola)pyrene di2 PAH 26907 264 2602 40 1322 1181 15 >
) h . 15 Benzo(a)pyrene PAH 26959 2521 2501 35 125 1242 10 emissions
15 Peryl di2 PAH 27.08 264 260.1 40 130.1 116.1 15
Data obtained from the SVOC analyses will be used in 16 Bs2266teramethyldnpercy) sebecste TR 28453 1236 1071 10 976 421 *  Further non-targeted assessment is required to fully elucidate chemical mixtures relevant for
conjunction with the other analyses that were conducted as part T e s B e s e e exposure assessment
of the Federal Research Action Plan to identify key TCR chemical 16 Dlbene(ahlanthracene TN 5 N e G N ) G
. . . 16 Benzo(g,h,i)perylene d12 PAH 29.43 288 284.2 50 288 286.2 20
constituents, aid exposure assessment, and inform future 16 Benzol(g,h,i)perylene PAH 20473 2761 2741 45 138 1251 15
17 Coronene PAH 32.449 2994 298.1 30 299.4 298.1 30

studies related to TCR exposure.

Figure 7. Vortex Mixing

Figure 10. Extracts Concentrated with a Parallel Evaporator

Table 2. Target Analytes and Transitions Monitored

Notice: Although this work was reviewed and approved by EPA for publication, it may not necessarily
reflect official Agency policy. Mention of trade hames or commercial products does not constitute
endorsement or recommendation by EPA for use.




