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Setting the scene
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• We study the holistic environmental impact of vehicles on the environment

• Through an on-going programme of independent tests

• Working with industry, authorities and academics
• To reconcile transportation with a sustainable environment



The issue
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The tyre problem
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• Complex chemistry

• Complex physics

• Complex health effects
• Complex environmental effects

• Complex politics
• Complex economics

• COMPLEX EVERYTHING, plus…
• Significant information asymmetries

• Mixed regulatory track record is about to collide with this problem
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Why tyres now?
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• Dramatically reduced 
tailpipe emissions

• Research efforts and 
breakthroughs

• Heavier and battery 
electric vehicles

• Approximately 25% 
increase
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Multiple vectors
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Volatile organics

Particle number

Particle mass

Ozone

VOCs

Secondary aerosols

Primary aerosols

Soil, food chain

Water, food chain

Leachate

• 6 million tonnes of tyre wear globally per year

• 1-2 billion end-of-life tyres per year

• 7 thousand tonnes of 6PPD in the wear



Experimental approach
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Test programme
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• 501 new tyres tested

• Split between US and Europe

• Sourced from retail and wholesale
• On-road mass loss

• Real-time size distribution
• Untargeted Pyrolysis-GCxGC-TOF-MS 

analysis undertaken of tread

• Untargeted TD-GCxGC-TOF-MS from off-
gassing chamber of whole tyre

• Full organic compound identification and 
quantification



Market tyres
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Key observations
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• Tyres are complex and heterogeneous for…

• Wear and chemical composition

• 410 organic compounds on average in a tyre
• 15,916 unique compounds (post-pyrolysis) across 501 tyres

• 6PPD in 100% of tyres – mean concentration 1.2 µg/mg, max 5.7 µg/mg (x4.8)
• Mass wear varies – mean 99 mg/km, max 246 mg/km (x2.5)

Ø More variation in the chemistry than the physics?
Ø Deliberately formulated, not random variation
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Manufacturer rankings – EU car tyres
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• Yokohama is a 
major 
manufacturer 
using less 6PPD

• Established 
European and US 
manufacturers 
clustering in 1,500-
2,500 ng/mg range

• Large variability 
points towards 
using a limit value
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US car tyres contain less 6PPD than Europe
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• Similarly lower 6PPD for pick-ups and vans

• But similar concentrations for heavy-duty vehicles

• 6PPD concentrations in the US are similar whatever the tyre application

ng/mg Light Medium Heavy

USA 701 743 775

Europe 1,541 1,243 795

Difference:
US vs Europe

(55%) (40%) (3%)



Physics
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What are tyre particles?  Definitions and artefacts…
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On-vehicle sampling – principles
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• Universal fitment across vehicles

• Fits to any and all wheels on a vehicle

• No vehicle modification required
• Articulates as the vehicle steers

• Safe and road-legal
• Can be coupled with any detector

• And collecting plates/receptacle

• Patent-pending

Ø Mass, number and physical collection
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Sampling challenges
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• Instantaneous particle 
concentration over time

• By size class
• By collection location

• Location dependency

Zone 1

Zone 2

Zone 3

ZONE 3

ZONE 2

ZONE 1
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Transit distance – Colorado Rocky Mountains
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• Wind-blown particles on dirty, 
high-elevation (2,865-3,690 m) snow

• Likely to contribute to melting of snow 
and ice as well as to warming the 
atmosphere



Chemistry – particles
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Reverse-engineering the tyre
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• Two-dimensional gas chromatography with mass spectrometry

• INSIGHT flow modulator from SepSolve Analytical for separation

• BENCH-TOF time-of flight mass spectrometer
• Multi-stage pyrolysis method
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Complexities of tyre analysis
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Potential toxicity

Pyr-GCxGC-TOF-MS

TD-GCxGC-TOF-MS

Breakdown products

Reaction products
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Organic composition
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1. Naturally-derived chemicals

2. Synthetic polymer breakdown 
products

3. PAHs

4. Vulcanisation accelerators
5. Terpenoids from natural rubber

6. Benzothiazoles

7. PPD compounds

①

③
②

③

④ ⑤

⑥

⑦



CONFIDENTIAL  © Emissions Analytics 2025

Known tyre additives
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• 28 substances identified so far…

ng/mg Number Average concentration per 
tyre

Maximum concentration of 
any one compound

Antioxidant/antiozonant/he
at protectant

12 2,567 5,717

Vulcanisation process 7 1,087 1,875

Silica or silane 4 34 18

Other 5 1,698 5,503

Total 28 5,386 13,113
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Breakdown products
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• Compounds derived from…

ng/mg Number Average concentration per 
tyre

Maximum concentration of 
any one compound

Natural rubber 10 32,008 96,707

Styrene-butadiene rubber 27 26,940 42,333

Extender oil 23 2,529 10,916

Other polymers 6 1,230 11,036

Antioxidants 5 30 112

Vulcanisation accelerator 4 171 652

Total 75 62,908 96,707
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…And the opposite … forever chemicals
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• Potentially infinite set of 
fluorinated compounds

• >10,000 codified
• For example, Ethanethioic 

acid‚ trifluoro-‚ S-ethyl ester
• C4H5F3OS

• On the US EPA PFAS list
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Insights from reverse-engineering
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Headline What we see in the numbers Likely formulation reason

OE1 has the most PAHs Highest mean aromatics+PAHs of any major 
make, ~30% above OE5 and ~60% above 
OE2.

Heavy use of aromatic extender oils and carbon black to hit 
OE1’s high-speed, low-deformation targets.

OE2 skews towards aliphatics Some of the lowest PAH totals. Use of high-silica + aliphatic process oils to cut rolling 
resistance within EU PAH limits.

OE3 shows halogens Only major brand with clear presence of 
halogens.

Brominated or chlorinated flame-retardant traces – potentially 
manufacturing process contamination

OE4 is chemically “middle-of-
the-road”

Moderate across all organic groups; PAHs 
~15% below OE1 and 5-10% above OE5.

OE4’s silica-rich tread compounds reduce aromatic oils but 
keep a sizable hydrocarbon backbone for wear resistance.

OE5 vs OE6 Similar PAH levels but OE5 carries ~14% 
more aliphatics.

OE5 tends to favour higher molecular-weight softeners for 
grip.



Chemistry - gases
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Sampling system
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• Accommodates whole tyre

• Clean, steel internal surface

• Insulated chamber
• Fan for even heat distribution

• Lamps as heat source
• Thermal desorption tube connection
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Test results
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• 100s of VOCs released in each chamber exposure

• Background VOCs in chamber were measured and subtracted from VOCs emitted from tyres

• Recurrent species in all samples

Aniline Methyl 
Isobutyl 
Ketone

Benzo-
thiazole

Methyl-
cyclo-

hexane

Cyclo-
hexane

1‚3-
dimethyl-

benzene

n-
hexane

Toluene 2-methyl-2-
Propan-

amine

p-
xylene

New Tyre 1.73 3.01 1.23 - 0.33 - 0.17 1.00 1.59 2.79

Old Tyre 0.15 2.11 0.69 0.12 0.01 0.86 0.19 0.91 - 0.29

Small Tyre 1.92 1.51 0.99 1.45 0.67 0.84 0.54 0.64 0.35 0.01

Large Tyre 2.41 1.59 1.08 0.91 0.65 0.59 0.45 0.47 - 0.01

Emission rates at T = 25°C in 10−2 g h−1 per tyre
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Box model results for Los Angeles (1)
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Assumptions
Boundary layer height = 1 km
Air is completely well-mixed within the boundary layer
Temperature = 25 °C (mean temperature in June)
Number of vehicles = 2.3 million (LA city)
[OH] = 5×106 molecules cm−3 (midday peak in LA)
Ozone (O3) and Secondary Organic Aerosol (SOA) formation potentials from literature
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Box model results for Los Angeles (2)
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Results
[O3] = 322 ppb (cf. max in summer 2024 = ~50 ppb)
SOA = 7.6 μg m−3 (cf. max in 2024 = ~30 μg m−3 )

Conclusions
While most likely an overestimate due to model assumptions, these results indicate that tyre 
VOC emissions may represent a non-negligible (and so far, overlooked) source of secondary 
pollutants in urban environments



Conclusion
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Key messages
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• It’s complex

• It’s not going away

• There is much we don’t understand
• But knowledge is progressing fast

• But we need to make sure we ask the right questions



Further insights
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Tyre Emissions Research Consortium
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https://www.linkedin.com/company/tyre-emissions-research-consortium

https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
https://www.linkedin.com/company/tyre-emissions-research-consortium
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Tyre chemical fingerprint database
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Ø Substances of concern tracking

Ø For benchmarking, research and development



Thank you.

Nick Molden

Chief Executive Officer

nick@emissionsanalytics.com

+44 (0)20 7193 0489
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Assured 
Emissions testing in real-world conditions brings challenges that experience 
anticipates and expertise overcomes. We deliver. 

Independent 
Objectivity and candour are the driving forces in all our work, so you know the 
facts. 

Responsive 
We’re fast on our feet so we can conduct emissions testing when and where we’re 
needed.

ASSURED  | INDEPENDENT  | RESPONSIVE
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