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Background
• In 2005, CEOs from 11 Largest Tire  Companies 

Reviewed Six Potential Issues for Study:
– Tire wear particles (“TWP”)
– Tire materials
– Recycled content of tires
– Scrap tires
– Rubber trees
– Environmental reporting standards

• The CEOs concluded:
– Environmental/Health information is incomplete for 

tire wear particles and some tire materials and that 
further study was needed.

– Work on other issues was already underway industry-
wide or at individual companies

• Tire Industry Project launched in 2006 and 
organized as a sector project at the World Business 
Council on Sustainable Development (WBCSD)



Research Focused
• What are the potential human and 

ecological health risks associated 
with tire wear particles (TWP) in 
the environment?

• Thorough review of the literature 
identified several data gaps:
– Accurate 

description/characterization of 
TWP

– Reliable estimates of TWP in 
environmental media

– Aquatic toxicity data
– Human toxicity data

2 2 5 14 32
69

234

409

1 1 7

668

357
331

304

112

46
16

0

100

200

300

400

500

600

700

800

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year

N
um

be
r 

of
 D

oc
um

en
ts

TM TWP
Note: 231 documents were classified as 
miscellaneous.



Types of particles
C: from environmental “dust”, 

brakes, fuels, 
and the atmosphere

A: from tire B: from pavement

RP (A+B+C) 
= All particles on the road 

= Roadway Particles

TP (A)
= Particles from tire 

= Tire Particles

TWP (A+B) 
= Particles from wear 
= Tire Wear Particles
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On-Road Collection System

• Designed and 
constructed by 
Michelin Engineering 
Services

• On-road system 
Components



Results of Research 
Roadway Particles (RP)

• Microscopic evaluation of 
the particles indicates that 
roadway particles are a 
mix of rubber from the tire 
tread and minerals from 
the pavement and other 
components of “road 
dust.” 20 µm

Examples of mineral and other road debris 
incorporated with rubber tread material



Laboratory Collection
• Two laboratories were identified:

– Bundesanstalt für Strassenwesen (BASt) 
(Germany Federal Highway Research 
Institute)

– VTI, the Swedish National Road and 
Transport Research Institute

• Goals :
– Simulate driving conditions on real pavement
– Avoid interference from other constituents of 

road dust



BASt (Bensberg, Germany)



Particle Collection - BASt

Capture Hood

Dyson



Size Distribution by Volume (laser diffraction)

RP

TWP

Mode = 50 um

Mode = 75 um



Size Distribution by Volume
Transmission Optical Microscopy

RP

TWP

Mode = 50 um

Mode = 105 um



Size Distribution by Number
Transmission Optical Microscopy

RP

TWP



General Compositional Analysis

• Polymer content in TP 2-3x RP and TWP
– RP and TWP contain less material originating from tire

• Mineral content in RP and TWP >> TP
– RP and TWP contain mineral from the road surface (or 

road and environment) 
– TWP contains more mineral than RP

Chemical Family RP (% w/w) TWP (% w/w) TP (% w/w)

Plasticizers and 
Oils

13 10 19

Polymers 23 16 46

Carbon Blacks 11 13 19

Mineral 53 61 16
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Elemental Analysis
Metal RP (%) TWP (%) TP (%)

Aluminum 3.4 2.8 0.03

Silicon 8.6 8.7 5.4

Sulfur 0.9 0.5 1.2

Zinc 0.4 0.3 0.9

• Aluminum and silicon, major components of most 
asphalt types, are present in far higher quantities in 
RP and TWP than TP
– Silicon also present in TP from use as filler in tires

• Sulfur and zinc, used during tire manufacturing, are 
present in higher quantities in TP than RP or TWP
– Zinc content in TWP is less than RP



VTI (Linköping, Sweden)



Airborne Particle Collection at 
VTI



Microscopic analysis of wear 
particles

Michelin sample n°1
(150µm sieved) 

BAST sample n°3
(150µm sieved) 



Results –
Airborne

Particle Size 
Distribution

Coarse Fraction

Note:  Airborne concentration of 
PM10 and PM2.5 was low, rising 
initially and then steady at 
approximately 6-10 µg/m3



Results –
Airborne fraction compositional analysis



Results –
Airborne fraction compositional analysis 

without silica contribution



Particle Collection Methods 
Summary



TWP Testing Results



Test 1:
Acetone Extraction

Test 2:
pH optimization

Analyze for detects
from test 1 plus

all metals
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Water
10 volumes
pH 6.5, 7.5, 8.5

Analyze for detects
from test 1 plus

all metals

Test 3: 
Leaching Studies
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Water 
20 volumes
optimized pH

Soil: TWP
1:0, 0:1, 100:1, 
500:1, 1000:1;
RP also used as 
control

All columns were run in triplicate to ensure repeatability

ASTM method
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TWP Testing - Leaching Studies



Results of Research - Road Particles 
Environmental Leaching Potential

Objective:
To determine if toxic/hazardous materials are leached out 
of these particles into the environment.

• Leachate from RP + soil
– No significant concerns identified.
– No further analysis required.

• Leachate from RP + water
– Some zinc detected from RP
– Risk impact

No concerns from stormwater runoff from highways to nearby ecological 
habitats (i.e. wetlands), due to adsorption of zinc onto soil.
Open issue:  stormwater runoff from urban environments to be evaluated.



TWP Testing - Acute Aquatic 
Toxicity

• Objective: 
To determine toxicity effects of leachate from RP on algae, 
invertebrates and fish.

• Results 
– No significant concerns identified for algae, invertebrates, and fish.
– Minor effect in algae at the highest concentration (10,000 ppm) was 

observed. 
– Open issue:  Long-term (chronic) testing needed to understand this 

effect.



Recommended Next Steps

• Understand differences in results between 
our acute toxicity test with TWP and 
others conducted using TP

• Conduct longer term (chronic) testing for 
water and sediment dwelling organisms.



TWP Testing:  Human Bioaccessibility
• Inhalation of TWP may impact human health as a result of 

direct particle interaction in the respiratory system, or from 
leaching of constituents into the lung fluid (i.e. 
bioaccessibility).

• Bioaccessibility study conducted using airborne TWP and 
simulated lung fluid

• Lung fluid was analyzed for metals.  
– significantly more aluminum and zinc compared was measured 

in the simulated lung fluid containing the TWP PM10  than the 
leachate of blank filters (p<0.05).

– ~55% of Zn was bioaccessible
• Data gaps regarding inhalation toxicity exist



Open Issues with respect to 
Airborne TWP

• Contribution of pavement and tread to ambient air PM10 
and PM2.5 fractions

• Contribution to total vehicle emissions.
• Contribution of pavement and tread to the ultrafine 

fraction
– Collection and analytical challenges
– Representative pavements
– Representative driving conditions

• Comparisons of TWP toxicity potential to other 
constituents of airborne PM

• Data gaps regarding cardiopulmonary toxicity potential
– Availability of health benchmark



Thank you for your attention !

• Additional information for the Tire Industry 
Project can be found at www.wbcsd.org


