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CARB leads California’s fight 
against air pollution and climate 
change, protects public health, 
and promotes clean, energy-
efficient fuels and technology.
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Understanding brake-wear emissions is critical for 
air quality planning at the regional and local levels:

• Particle size distributions,
• Particle mass by vehicle technologies
• Chemical speciation, and
• Potential health effects.

Disadvantaged Communities

(CalEnviroScreen 5.0)

California needs to improve air 
quality regionally and locally



California Brake-Dynamometer Cycle (CBDC) was 
developed to characterize brake-wear particles
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(ERG, Final Report: Brake & Tire Wear Emissions, 2021)



Brake-Dynamometer Experimental Setup
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5(See Appendix for HDV test results)
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Particle Size Distributions for NAO Brake Pads

6

Aerodynamic Particle Sizer (APS)
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Bimodal distributions with peaks around 1 and 2 µm 
were observed for NAO brake pad particles.
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Particle Size Distributions for LM Brake Pads

No apparent peaks around 1 µm were 
observed for LM brake pad particles.



Particle Mass Distributions by Size
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Understanding particle mass 
by vehicle technology and 
their chemical composition 
will help inform health effect 
assessment and air quality 
planning.

(* OES = Original Equipment Supplier)



Opportunities to Reduce Brake-
Wear Particles with Clean 

Transportation Technologies
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Chemical Speciation for PM10 Samples – XRF Metal 
Analysis
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(Detailed information is available from Report: PM Speciation Profiles for Light-Duty Vehicle Brake Wear, 2024)

https://ww2.arb.ca.gov/sites/default/files/2025-02/LD_BrakeWear_PM4008-4010.pdf
https://ww2.arb.ca.gov/sites/default/files/2025-02/LD_BrakeWear_PM4008-4010.pdf
https://ww2.arb.ca.gov/sites/default/files/2025-02/LD_BrakeWear_PM4008-4010.pdf


Metal Speciation Profiles

NAO Brake Pads

LM vs. NAO Brake Pads

Chemical profiles between gasoline and EV 
brake particles are very similar to each other. 

(Af) NAO



• Understand  potential health 
effects of brake and tire wear 
PM using ambient PM 
samples

• Characterize spatial 
variations in PM2.5 metal 
concentrations

• Integrate exposure model 
into health studies
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Molina et al. (2020)

Health effects

Exposure map

Health Effect Study in Los Angeles Area

(UCLA, Final Report: Effects of Brake and Tire Wear on PM Composition, Reactive 
Oxygen Species, Placental Development and Birth Outcomes in Los Angeles, 2022)
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Brake-Wear PM Exposure and Oxidative Potentials

Disadvantaged 
communities

Near-road and disadvantaged communities can be exposed to 
greater brake-wear emissions and adverse health effects.

* PM2.5 samples include brake and tire-wear particles 

*



Summary

• Brake-wear is a dominant source of total direct PM2.5 emissions and may need 
to be further reduced where possible.

• Brake-wear particles can be associated with adverse health effects at local and 
regional levels.

• California’s clean transportation programs may help reduce brake-wear 
particles substantially, especially at the community levels, where many 
disadvantaged communities are located.

•  A comprehensive understanding of the effects of brake-wear particles 
requires further research in consideration of:

1. Characterizing brake-wear particles, mass, and chemical profiles

2. Assessing air quality impacts of the particles locally and regionally

3. Quantifying community exposure levels and associated health risks

4. Leveraging clean transportation technologies in reducing brake-wear particles
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Current Research Efforts
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Brake-Wear and Tire-Wear
On-road measurements for heavy- 

and light-duty vehicles

Wheel-Wear and Rail- Wear
Laboratory rail- and wheel-wear 

emissions measurement

Off-Road Brake-Wear 
Laboratory dynamometer emissions 

measurement

Exposure/Health Study 
Exposure and health effects of 

NEE in San Joaquin Valley

Zero-Emission Vehicle
Brake-Wear Emissions Reduction

Laboratory testing comparing emissions 
from gasoline and electric vehicles
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Appendix:
HDV Brake-Dynamometer Test Process and 

Results
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HDV: fleet representative chassis-dyno cycles 
were identified for track testing  
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HDV: temperature profiles were developed 
and applied for brake-dyno testing
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HDV: brake-wear PM emission rates of 
individual wheels for loaded trucks

(Details are available from  Caltrans’ research report, 2021)  
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https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/final-reports/ca21-3232-final-report-a11y.pdf


HDV Brake-wear Composition Profile: PM10 vs. PM2.5
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PM size is NOT impacting 
BW composition profile



HDV BW Composition Profile: Disc vs. Drum
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HDV braking technology is impacting 
BW composition profile

Drive: Drive axle
Steer: Steer axle 
Drum: Drum brake
Disc: Disc brake 
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