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The brake and tyre wear particles (BTWPs) are becoming a growing concern for on-road 
emissions, specifically with non-combustion vehicles. With zero tailpipe emission vehicles 
entering the fleet, BTWPs must robustly characterised in order to understand their health and 
atmospheric implications. The BTWP project has three main components. It will be 
investigating (i) BTWP emission generation, (ii) real-time (online) analysis, and (iii) offline 
particle and toxicology analysis.  
 

1. Particle Generation 
The University of Cambridge has commissioned a tyre test rig to generate isolated tyre wear 
particles (without interferences from brake wear) and to monitor variables such as rotational 
speed, frictional force, slip rate, and temperature to understand the tyre wear rate for numerous 
types of tyres. The tyre rig developed (Figure 1) 
allows for different driving surfaces to be tested, 
thus providing a more comprehensive view of tyre 
particle generation based on not just the tyre 
composition, but also the surface in which it 
operates on. A brake rig is also being developed 
to generate isolated brake wear particles. This will 
record to braking force, rotational speed, and 
braking power giving a pad/disc wear rate. These 
two types of particle generation will allow for 
both brake particle and tyre particles to be full 
characterised, independently, by particle size, 
surface area, mass, morphology, elemental 
composition, and toxicity (using the MRC 
Toxicology Unit facilities).  
There is also an opportunity to collaborate with 
the SRF partners at the University of 
Witwatersrand, using their on-site brake disc and 
tyre wear testing facility. With slight 
modifications, these rigs can generate particles 
simulating real-world events, with co-emitted 
BTWPs, and would require either the ability to 
differentiate between the two, or analyse BTWPs 
as a combined entity.    
 

2.  Real-time (online) particle analysis 
The University of Cambridge has highly specialized instrumentation for aerosol measurements 
to monitor air quality. For the Electrical Low-Pressure Impactor instrument (ELPI+), particle 

 

 
 

Figure 1. Tyre wear particle generation 
rig. 



 
 

number, lung deposited surface area, particle mass, and overall particle size distributions can 
be determined. The ELPI+ measures particle size (i.e., 0.006 μm to 10 μm), and the 
concentration of wear particles emitted from the brake disc can be characterised precisely based 
on controlled input conditions to the brake testing facility. The particles are fractioned by size 
and deposited onto filters, which can be further assessed in offline analyses. The online results 
will be correlated to test cycles for both independent generation of brake particles and tyre 
particles. Following this method, driving styles, or particular driving events can be attributed 
to specific types of brake or tyre particles. Here, key particle metrics for BTWPs are determined 
and must be maintained within toxicity studies.  
 

3. Offline particle and toxicology analysis 
Further detailed chemical analysis of the BTWPs uses instrumentation at the MRC Toxicology 
Unit. A critical area of focus is understanding how brake temperatures affect the generated 
particle chemistry and morphology and how these particles are introduced into the respiratory 
system, as well as the possible surface in which other atmospheric reactions can take place. 
Using SEM and Raman helps ascertain how the particles are emitted from the brakes and the 
potential consequences they may have. Similarly, tyre particle emissions are depending on 
temperature and the road’s surface.  
The elemental composition of the BTWPs will be assessed, as well as the emitted BTWP’s 
toxicity, giving understanding to the relationship between selected wear compounds and the 
possible human health effects. Grown lung cells will be exposed to the size fractionated 
BTWPs with a method developed in-house to ensure key particle metrics are maintained. Here, 
key toxicity characteristics are established, which will be valuable for improving tyre and brake 
composition, as well as exploring how various driving patterns can improve brake and tyre 
wear emissions.  
 
The ongoing work allows for collaboration in new research streams, and provides valuable 
insight into a growing emission area. By understanding the key particle metrics and toxicity 
characteristics, improvements can be made from these non-exhaust emission sources.   
 
 
 
 


