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Work builds upon tire 
wear particle research, 
specifically considering 

another group of
tire-derived materials
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Types of tire material

Scrap Tire-Derived Commercial Products

Rubber Aggregate
(with Wire & Fiber)

Avg Length = 5-7 cm
< 1 wt% moisture

Rubber Mulch
(with Fiber)

Avg Length = 2-5 cm
< 1 wt% moisture

Crumb Rubber
Avg Diameter = 0.5 mm

< 1 wt% moisture
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Crumb Rubber
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Stainless Steel
Mesh Cage

Container Holder with 
PVC Spacer

Experimental Setup for 
Soaking in Type 1 Water

Rubber Aggregate
or

Rubber Mulch

Monolith Test – EPA Method 1315
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Fraction 
Label

Interval 
Contact 
Time [d)

Total 
Contact 
Time [d]

T01 0.08 0.08
T02 0.96 1.04
T03 0.96 2.0
T04 5.0 7.0
T05 7.0 14.0
T06 14 28.0
T07 14 42.0
T08 7.0 49.0
T09 14.0 63.0

.

Crumb, Percolation, 1314 Aggregate/Mulch, Monolith, 1315

Sampling Intervals for Testing



9

Split, Filter, pH, Conductivity, ORP

Spike 13C/2H surrogates Acidify, dechlorinate Acidify to 2% HNO3

Spike 10 ppb 103Rh

ICP-MS/ICP-OES 
Analysis

MetalsTire Materials

Chlorinated
Paraffins

PAHs & 
Phthalates

Spike 13C-labelled 
surrogates

Direct-inject high-
resolution MS analysis

Spike 13C/2H surrogates

Concentrate (C18 SPE)

GC-MS/MS: Gas Chromatography-Tandem Mass Spectrometry
HLB: Hydrophilic-Lipophilic Balance
ICP-MS: Inductively Coupled Plasma-Mass Spectrometry
ICP-OES: Inductively Coupled Plasma – Optical Emission Spectroscopy
LC-MS/MS: Liquid Chromatography-Tandem Mass Spectrometry
ORP: Oxidation-Reduction Potential
SPE: Solid Phase Extraction

Concentrate (HLB SPE)

Elute analytes, evaporate

Reconstitute, spike 
internal standards

LC-MS/MS Analysis

Elute, dry, evaporate

Reconstitute, spike 
internal standards

GC-MS/MS Analysis

Sample Processing and Preparation
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Tire Materials

PAHs and Phthalate Esters

Ag, As, Ba, Cd, Cr, 
Co, Hg, Pb, Se, Zn

Metals

Total mass
(C10-C13), (C14-C17)

Chlorinated Paraffins

ICP-MS

HR-MS

GC-MS/MS

LC-MS/MS

Target Analytes and Methods
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Tire Derived Materials – 6PPDQ
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PAHs & Phthalate Esters

All Samples:  Non-Detects or Below the Limit of Quantitation for:
B[b]F
B[k]F

B[ghi]P
I[123-cd]P

DiNP
DiDP



14

0

1

2

3

4

5

6

7

8

9

10

0.1 1.0 2.0 7.0 14.0 28.0 42.0 49.0 63.0

NAP ACE ACY ANT PHE FLU FLA PY
CHR B[a]A B[a]P D[a,h]A DBP DnHP BBP DEHP

Aggregate

µg/L

Days

PAHs & Phthalate Esters – Aggregate

DBP

DEHP



15

0

1

2

3

4

5

6

7

8

9

10

0.1 1.0 2.0 7.0 14.0 28.0 42.0 49.0 63.0

NAP ACE ACY ANT PHE FLU FLA PY
CHR B[a]A B[a]P D[a,h]A DBP DnHP BBP DEHP

Mulch

µg/L

Days

PAHs & Phthalate Esters – Mulch

DBP



16

0

1

2

3

4

5

6

7

8

9

10

0.3 0.7 1.3 2.0 2.7 6.0 6.7 12.7 13.3

NAP ACE ACY ANT PHE FLU FLA PY
CHR B[a]A B[a]P D[a,h]A DBP DnHP BBP DEHP

Crumb

µg/L

Days

PAHs & Phthalate Esters – Crumb

DBP
ACEACY



17

Short/Medium Chain Paraffins

No paraffins detected in any of the samples!
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Metals

All Samples:  Non-Detects or Below the Limit of Quantitation for:
Arsenic
Silver

Mercury



19

Aggregate Mulch
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Note:
Crumb tested
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Conclusions

- 6PPD and 6PPDQ consistently below limit of quantitation for crumb rubber

- Tire derived aggregate shows most leaching of tire-linked chemicals

- Crumb rubber leachate consistently contained the most PAHs and PEs

- With exception of limited benzon[a]pyrene and dibenz[a,h]anthracene detection in 
crumb rubber, higher molecular weight PAHs not detected

- Chlorinated paraffins not detected and not considered a priority chemical of concern

- Barium and Zinc were substantial in all leachate from all materials
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Thank You!

Dr. John D. Atkinson
Stevens Chair in Engineering Sustainability

SUNY-Buffalo

AtkJDW@buffalo.edu
716.645.4001
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