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 The number of vehicles will almost 

double in the next 30 years:1.3 billion 

in 2020 - 2.5 billion in 2050. (Ceder 2021) 

 Roads and traffic are cited as a major 

source of land-based microplastic

particle pollution.

(Boucher et al., 2020, Sundt et al., 2021, 

Hahn et al, 2018)

 persistency of tyre wear: half-life 450 

days in soil; 5.000 days in sediment. 

(Lough et al., 2005; Councell et al., 2004)

 vehicle weight increases tyre wear.

TYRE WEAR - INTRODUCTION

© adapted from Hahn et al., 2018

ENVIRONMENTAL DATA are urgently needed:

 for quantity and impact assessment
 for the development and evaluation of efficient measures
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TYRE WEAR – COMPOSITION AND QUANTITIES

Woraus besteht ein Reifen? | Continental Reifen (continental-reifen.de)

Size of particles
50-70 µm

* adapted from Thibault Masset (EPFL, eawag)

Emission tyre abrasion into environment

CH: ~ 0,8 kg / yr / person*
USA: 4,7 kg / yr / person (Calif., 2021)

AT: ~2,4 kg / yr / person
21.200 tonns / year (Prenner et al., 2021)

EU: 500.000 tonns / year (ADAC, 2022)

© Umweltbundesamt / R. Hornek-Gausterer

Filler materials
carbon black, silica, 

chalk, etc.
30%

Rubber 
natural & synthetic

41 % Substances for
vulcanization

sulfur, zinc oxide, etc.
6%

Substances that prevent aging
"Antioxidant/antiozonant“
e.g. 6PPD, 7PPD, 8PPD, IPPD

1-2 %  (Calif., 2021)

Plasticizers
oils & resins

6 %

Reinforcement material 
steel, polyester, rayon, nylon

15 %

Estimates based on models

 environmental monitoring needed
 fate? degradation or accumulation? 
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https://www.continental-reifen.de/autoreifen/reifenwissen/reifen-grundlagen/reifenmischung
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TYRE WEAR – QUANTITIES

@ EU Stakeholder Workshop, 22.3.2022  Masque Deloitte pour projection (biois.eu)

On average, the abrasion of a vehicle for all 4 tires is about 
120 g / 1,000 km. Differences in the amount of tyre abrasion 
between brands: 59 – 171g / 1,000 km (ADAC, 2022)

https://microplastics.biois.eu/EC_ENV_Unintentional_Microplastics_Workshop_3_old_sources.pdf
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https://doi.org/10.1021/acs.est.2c05660

TYRE – WEAR - SCIENTIFIC STUDIES

https://doi.org/10.1016/j.ebiom.2022.104147

Health impact of tyre particles causing ‘increasing concern’, 
say scientists | Air pollution | The Guardian (23. 02. 2023)

DOI: 10.1126/science.abd6951
https://doi.org/10.1016/j.envpol.2021

https://doi.org/10.1021/acs.est.2c05660
https://doi.org/10.1016/j.ebiom.2022.104147
https://www.theguardian.com/environment/2023/feb/23/health-impact-tyre-particles-increasing-concern-air-pollution?CMP=Share_iOSApp_Other
https://doi.org/10.1126/science.abd6951
https://doi.org/10.1016/j.envpol.2021
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TYRE WEAR – ADDITIVES 

 Tyres: up to 200 additives added 
(Baumann et al., 1998)

 > 4.000 individual signals detected in road 

runoff from a multi-lane highway, 

one hundred detected in the tissues of adult 

coho salmon (Du et al., 2017)

 Large number of 6PPD transformation

products detected (Seiwert et al., 2021)

 Substances "leached" from tyre abrasion pose 

a threat to receiving water bodies, 

some examples. 

 Diphenylguanidin (DPG)

 Hexamethoxymethylmelamine (HMMM) and 30 

transformation products

(Alhelou et al., 2019; Winer et al., 2022)

 Benzothiazol (BTZ)   in µg/L in river water

(Seiwert et al., 2020) 

 para-substituted phenylendiamines (PPDs) and

their quinones

“What goes in is not what comes out”

(Broekhuizen et al., 2022)
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PPDs

Addition of PPDs to protect rubber from O2/O3

PPDs = para-substituted phenylenediamine

R1

R2

Typ 1: R1 = alkyl-, R2= alkyl-
Typ 2: R1 = alkyl-, R2= aryl-
Typ 3: R1 = aryl-,  R2= aryl-

IPPD, 6PPD, 7PPD, 8PPD

DPPD, DTPD

77PD

ozone - cracks
Induced by
mechanical stress
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 Prevention of aging: antioxidant, antiozonant

 in EU registered  e.g. IPPD, 6PPD, 7PPD, 77PD 
(not 8PPD)

 Tonnage band: 1 – 100.000 t / year in EU
highest tonnage in EU: 6PPD (10.000 – 100.000 t / yr)

 6PPD no harmonised classification, 
but self-classification: 
Acute Tox 4, H302; Skin Sens 1, H317; Repr 1B, H360; 
Aquatic Acute 1, H400; Aquatic Chronic 1, H410

 dossier on 6PPD submitted from Austria 
harmonised classification & labelling (CLH)
Registry of CLH intentions until outcome - ECHA (europa.eu)

PPDs

© Cataldo et al., 2019

https://echa.europa.eu/de/registry-of-clh-intentions-until-outcome?p_p_id=disslists_WAR_disslistsportlet&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&_disslists_WAR_disslistsportlet_dte_assessmentTo=&_disslists_WAR_disslistsportlet_cur=1&_disslists_WAR_disslistsportlet_lec_submitter=&_disslists_WAR_disslistsportlet_sbm_expected_submissionTo=&_disslists_WAR_disslistsportlet_substance_identifier_field_key=&_disslists_WAR_disslistsportlet_dte_finalise_deadlineTo=&_disslists_WAR_disslistsportlet_delta=50&_disslists_WAR_disslistsportlet_deltaParamValue=50&_disslists_WAR_disslistsportlet_dte_withdrawnFrom=&_disslists_WAR_disslistsportlet_dte_withdrawnTo=&_disslists_WAR_disslistsportlet_dte_finalise_deadlineFrom=&_disslists_WAR_disslistsportlet_dte_assessmentFrom=&_disslists_WAR_disslistsportlet_multiValueSearchOperatorprc_regulatory_programme=AND&_disslists_WAR_disslistsportlet_prc_public_status=&_disslists_WAR_disslistsportlet_dte_receiptFrom=&_disslists_WAR_disslistsportlet_multiValueSearchOperatorhaz_addional_hazard=AND&_disslists_WAR_disslistsportlet_doSearch=&_disslists_WAR_disslistsportlet_dte_receiptTo=&_disslists_WAR_disslistsportlet_sbm_expected_submissionFrom=&_disslists_WAR_disslistsportlet_orderByCol=lec_submitter&_disslists_WAR_disslistsportlet_orderByType=desc
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CONCERNS

transformation product: 
6PPD-Quinone, mortality (< 5 hrs) 
in juvenile silver salmon
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8PPD

Bioaccumulation in plants, fish?
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PPDs & transformation products

in the environment
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© Sühring et al., 2016
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PPDS - PROPERTIES AND OCCURENCE

© Castan et al., 2022

6PPD-Quinone 
accumulation in roots

(carrots)?

Registry of CLH intentions until outcome - ECHA (europa.eu)

© Du et al., 2022

6PPD und 6PPD-Quinone in urin
Screening p-Phenylenediamine
Antioxidants, Their Transformation 
Products, and Industrial Chemical 
Additives in Crumb Rubber and
Elastomeric Consumer Products

DOI: 10.1021/acs.est.2c07014

https://doi.org/10.1016/j.foodchem.2022.133640

6PPD

https://echa.europa.eu/de/registry-of-clh-intentions-until-outcome/-/dislist/details/0b0236e186eecc7b
http://dx.doi.org/10.1021/acs.est.2c07014
https://doi.org/10.1016/j.foodchem.2022.133640
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PPDs – FATE, DISTRIBUTION

© Umweltbundesamt

© Deweis Maria

PPDs 

O2/O3

transport of TRWP (PPD) via air

H2O

hydrolysis products

adsorption
sediment / soil

anaerobic conditions
very persistent 7PPD (6PPD?) 

not readily biodegradable

uptake in plants 
organisms

humans

PPDs in roots, 
leaves, urine

oxidation/ ozonation products
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6PPD-QUINONE - TOXICITY

 Coho salmon

 rapid mortality (< 5 hours)

 parent compound less toxic than 

transformation product

 irreversible 

 exact mode of action unknown

 Brook trout

 Rainbow trout
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24h-LC50 6PPD-Quinone: 
0,095 µg/L (Tian et al., 2022)

24h-LC50 6PPD-Quinone: 
0,59 µg/L (Brinkmann et al., 2022)

72h-LC50 6PPD-Quinone: 
1 µg/L (Brinkmann et al., 2022)

LC lethal concentration
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PPDs - RESULTS

No. of
samples

IPPD 6PPD 6PPD-Quinone

Aqueous samples: [µg/L] DF [µg/L] DF [µg/L] DF

12 surface water n.d. 0/12 n.d. 0/12 n.d. 0/12

3 road run-off n.n. – 0,11 1/3 1,0 – 1,7 3/3 0,76 – 1,3 3/3

8 waste water (influent) n.d. 0/8 n.d. - < 0.64 1/8 n.d. - 0.20 4/8

Solid samples: [µg/kg] [µg/kg] [µg/kg]

10 biota (fish) n.d. 0/10 n.d. - < 0,19 1/10 n.d. 0/10

DF Detection frequency
n.d. not detected
LC Lethal concentration

© Umweltbundesamt

Silver salmon
LC50 6PPD-
Quinone: 
0,095 µg/L

Brook trout
LC50 6PPD-
Quinone:
0,59 µg/L
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CONCLUSION AND OUTLOOK

 Are there more environmental relevant substances?

 Environmental monitoring is needed, to answer the question, 
which substances / products are of concern and which conditions 
lead to peak concentrations.

“what is in, is not what we find in the environment”

 cross-media understanding of occurrence, transport/fate 
and behaviour in the environment 
(particles  substances of concern).

 investigation of effects on organisms and 
the food chain (vegetables)

 measures necessary to reduce exposure 
(substances in tyres, tyre abrasion, treatment of run-off,…)

 pilot-project on tyre wear and substances of concern conducted, 
development of a  comprehensive project ongoing

 IG plastics, important platform to work together on solutions

air

soil

plant

sediment

water

particles

substances

© brgfx / Freepik © brgfx / Freepik
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© Umweltbundesamt/B. Groeger
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