
Tire wear emission

(Exposure & Toxicity 

CoRs)

Christof Asbach

Institute of Environment & Energy, Technology & 
Analytics (IUTA)

Duisburg, Germany



Exhaust vs. wear emissions

H. van der Goonet al. “European emission inventories and projections for road 

transport non-exhaust emissions,” in non-Exhaust Emissions (Ed. F. Amato), Elsevier, 

London, 2018, pp. 101-121



New Euro 7 legislation

https://www.consilium.europa.eu/en/press/press-

releases/2024/04/12/euro-7-council-adopts-new-

rules-on-emission-limits-for-cars-vans-and-

trucks/



New Euro 7 legislation



Exhaust emissions

Laboratory Real Drive Emissions



Brake wear emissions

From UN GTR No. 24



Tire wear emissions

D. Hesse et al., Atmosphere 13: 1262, 2022

Tonegawa and Sasaki, Emission Contr. Sci. Technol. 7: 56-62, 2021



Tire wear emission factors

DG – Diamond ground concrete, AR – Asphalt rubber
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Average emissions per car per 

year approximately 50 g
(assuming 4 mg/km, 12,500 km/year)



Relevance of wear particles

from traffic

Baensch-Batruschat et al., Sci. Total Environ. 763: 137823



Exposure CoR

Detection of Tire & Brake 

Wear 

Incidental nano/micro 

Particles

Paul Westerhoff

Regents Professor & Fulton Chair of Environmental 
Engineering

Arizona State University (Tempe) - USA

https://doi.org/10.1016/j.scitotenv.2023.163561

https://doi.org/10.1016/j.scitotenv.2023.163561


Field studies 

can quantify mg 

Tire Wear 

released per 

vehicle-km

o No significant 
difference in tire 
wear PM for 
different surface 
types (asphalt vs. 
diamond grind 
concrete)  

o But higher emission 
rates in summer 
than winter  



Tire wear 

quantified in 

sampled PM10 

using 

benzothiazoles

(vulcanization 

accelerators) 

as tire 

markers

The measured tire emission 

factors had a range of 0.005 to 

0.22 mg km−1 veh−1

Miech, J.A.; Aker, S.; Zhang, Z.; Ozer, H.; Fraser, M.P.; Herckes, P. TireWear Emissions by Highways:

Impact of Season and Surface Type. Atmosphere 2024, 15, 1122. 



Long, X., Luo, Y. H., Zhang, Z., Zheng, C., Zeng, C., Bi, Y., ... & Westerhoff, P. (2020). The nature and oxidative reactivity of urban magnetic nanoparticle dust provide new 

insights into potential neurotoxicity studies. Environmental Science & Technology, 54(17), 10599-10609.

Brakes & other vehicle components 

produce “magnetic dust” & is of 

rising global concerns



Collection of magnetic dust
• Collect dust from the ground of the Rural Road Parking Structure.

• Gently grind the dust and sieve the dust using a 53-μm nylon mesh 
sieve.



Heterogeneous crystallinity 

XRD confirms the 

presence of ~40% 

metallic iron (Fe0) and 

60% of magnetite 

(Fe3O4).

Not exclusively Fe3O4



Heterogeneity in single-particle level

• No oxygen signal 

(~532 ev) was found 

in EELS.

• The presence of Fe 

and the absence of 

O confirm Fe0



Also collected “airborne” Particles

• PM2.5 sample was collected onto a cellulose filter at Tyler Street Parking Garage

• Extract particles from the cellulose filter by sonication in pure ethanol

• Pass the extract solution through a 0.45-µm PTFE filter 

• The filtrate solution was used for STEM-EDX and bulk-level ICP-MS analysis



Particle size after passing a 0.45-μm filter
How does the particle size enhance our understanding of the bulk-level ICP-MS?

A 1-µm particle is equivalent 

to 1000 100-nm particles in 

mass.  



Heterogenous particle morphology
Aspect ratio (AR) for a particle = longest length/smallest length 

Near-round shape: AR 1~1.5
Rod shape: AR > 5 Agglomerate: AR 1~2



Heterogeneous Fe speciation of magnetic dust identified by EDX

• Metallic iron (Fe0) and iron oxides 

are separated into different 

groups.

• Iron and oxygen quantified by EDX in 

atomic percentage to study the 

heterogeneity in Fe speciation 

• 481 magnetic dust 

particles were 

classified into 4 

groups (Method 

presented in RQ2)



Heterogeneous elemental composition at single-particle level
Match all particles to the dendrogram
• Particles of similar elemental composition are clustered together

• Enable the study of heterogeneity in elemental composition for each particle group.

Fe

Cu
O

O

SiSiSiSi



How can this heterogeneity affect ROS generation?



ROS generated by the heterogeneous magnetic dust
• Pure magnetite does not generate ROS.

• The presence of Cu and Fe0 makes 

magnetic dust reactive.



Ecotoxicity 

of tire-

and break-

wear 

particles

Olga Tsyusko

University of 

Kentucky

Lexington, KY, 

USA

https://doi.org/10.1016/j.scitotenv.2024.171153

Ecotoxicity 

CoR

https://doi.org/10.1016/j.scitotenv.2024.171153


https://doi.org/10.1016/j.jhazmat.2022.1283

19



https://doi.org/10.1016/j.scitotenv.2023.16

8933

Main drivers of CMTT toxicity were Zn (22.5%) and 6PPD (~8%)

68% - by other degradation products



https://doi.org/10.1016/j.envpol.2023.12165

9

• Alterations in the midgut and 

ovaries

• Fat body in HiC-treated 

samples  -necrosis in ovaries 

• No significant tissue 

modifications in LoC-treated 
samples



https://doi.org/10.1016/j.envint.2020.10556

4

Lysosomal membrane stability of D. discoideum

amoebae after exposure to the three brake-system 
particulate



https://doi.org/10.3389/fenvs.2021.744668

Top - no pre-incubation of TPW

Below –75-days of pre-incubation  

• Soil pre-incubation increased 

toxicity

• Lifetime survival is more 

sensitive compared to short-time 

exposure



Interactive 

Exercise
• Drawing on our unique strengths and 
expertise in engineered and 

incidental nanomaterials, what 

actions do you think would be worth 

pursuing in order to scale-up 

research on the tire-wear and 

break-wear to more complex systems? 

• Solo (5 min): Please identify 1-2 
key action(s) and write it down on 

a sticky note

• Share with the partner next to you 
– 10 min

• Share several with the group  



Prompt 

Question #2

CONGRATULATIONS 

Your team was awarded 1 

Million (USD or EU) to 

split between US and EU 

research 

What would you be able 

to do to advance our 

understanding of 

brake/tire wear 

incidental nanomaterials 

through lab and/or 



Interactive Exercise (can 

start with this one)

• Where are the most critical challenges and research gaps in mesocosm research? 

1. Solo: Please identify 1-2 main gap(s) and write it down on a sticky note -5 min

2. Share with the partner next to you – 10 min

3. Share with the group  -10 min



Potential questions for 

discussion (optional)

• Given the research gaps identified, what new research would be truly novel and 
valuable? 

• Do you think research in mesocosms can predict ecosystem effects? 


