Appendix:
Table A1. Some of the most important studies conducted on microplastics produced from tire wear
	Reference
	Year
	Operational Factor
	Tire Type
	Analysis Method
	Key Finding Qualitative

	
	
	Traffic & Driving
	Vehicle & Tire
	Environmental & Weather
	Mitigation & Management
	
	
	

	(Kole et al., 2017)
	2017
	*
	
	
	
	Mixed Fleet
	Systematic Review, Modeling & Simulation
	Global Significance: Major source of microplastics (5-10% ocean plastics, 3-7% PM2.5).

	(Turner, 2018)
	2018
	
	
	
	*
	Mixed Fleet
	XRF spectrometry, GC-MS, ICP-MS, FTIR
	TWPs spread globally, carrying toxic additives (Zn, PAHs, heavy metals) that pose environmental and health risks.

	(Sommer et al., 2018)
	2018
	*
	
	
	
	Mixed Fleet
	Microscopy & Imaging
	Particle Properties: TWPs are large, composite particles; Zinc is not a reliable tracer.

	(Hüffer et al., 2019)
	2019
	
	*
	
	
	Unspecified/
General Fleet
	Systematic Review, Spectroscopy & Chromatography
	Particle Properties: Complex composite with dual sorption mechanisms; carbon black role is key.

	(Unice et al., 2019)
	2019
	*
	
	
	
	Mixed Fleet
	Modeling & Simulation
	Environmental Fate: Only 2% of TRWP exported to estuary; 90% trapped in freshwater sediments.

	(Leads and Weinstein, 2019)
	2019
	*
	
	
	
	Unspecified/
General Fleet
	Microscopy & Imaging, Spectroscopy & Chromatography
	Environmental Abundance: TWP was 2nd most abundant MP type; higher near high-traffic areas.

	(Järlskog et al., 2020)
	2020
	
	*
	
	
	Unspecified/
General Fleet
	Physicochemical Methods, Microscopy & Imaging
	Environmental Abundance & Management: TBMP dominant on streets; sweeping collects significant mass.

	(Parker et al., 2020)
	2020
	
	
	*
	
	Unspecified/
General Fleet
	Microscopy & Imaging, Spectroscopy & Chromatography
	Biological Effects: First evidence of TWP ingestion in wild fish.

	(Tamis et al., 2021)
	2021
	
	
	
	*
	Passenger Vehicles
	Modeling & Simulation
	Ecological Risk: TWP & associated chemicals pose risk (PEC/PNEC>1) to aquatic life.

	(Wang et al., 2021)
	2021
	*
	
	
	
	Unspecified/
General Fleet
	Systematic Review
	Global Significance: Major source in all environmental compartments; transport varies.

	(Luo et al., 2021)
	2021
	
	
	
	*
	Unspecified/
General Fleet
	Systematic Review
	Mitigation: Highlights RTC and TRD as understudied sources; discusses solutions.

	(Kukkola et al., 2021)
	2021
	
	*
	
	
	Unspecified/
General Fleet
	Literature Review
	Freshwater Significance: TWPs are a major but understudied freshwater microplastic source, with key gaps in fate and combined toxicity research.

	(Prenner et al., 2021)
	2021
	*
	*
	*
	*
	Mixed Fleet, buses)
	Static Material Flow Analysis, Emission Factor modeling, XRF, particle size distribution analysis
	Austria 2018: TWP emissions: 2.4 kg/cap, 6% air, 94% soil/water. Non‑exhaust emissions: 9% of national TSP. 2050: Shift to EVs raises TWP unless mileage is cut.


Table A1. Some of the most important studies conducted on microplastics produced from tire wear (Continued)
	Reference
	Year
	Operational Factor
	Tire Type
	Analysis Method
	Key Finding Qualitative

	
	
	Traffic & Driving
	Vehicle & Tire
	Environmental & Weather
	Mitigation & Management
	
	
	

	(Navarro et al., 2022) 
	2022
	
	
	*
	
	Mixed Fleet
	Biological Assays
	Biological Effects: No adverse effects on invertebrates at environmentally relevant doses.

	(Budhiraja et al., 2022)
	2022
	
	
	
	*
	Passenger Vehicles
	Physicochemical Methods
	Analytical Method: Developed magnetic extraction method for TWP; weathering reduces recovery.

	(Corella-Puertas et al., 2022)
	2022
	
	
	*
	
	Heavy-Duty/Commercial Vehicles
	Systematic Review, Modeling & Simulation
	Environmental Fate: TRWP are negatively buoyant, sediment quickly; low characterization factors.

	(Sun et al., 2022)
	2022
	
	*
	
	
	Mixed Fleet
	Spectroscopy & Chromatography, Physicochemical Methods
	Toxicity & Regionality: Higher TRWMP in N. cities; NR more cytotoxic than SBR/BR; induces oxidative stress.

	(Li et al., 2022)
	2022
	
	
	*
	
	Unspecified/
General Fleet
	Biological Assays
	Biological Effects: Inhaled TWMPs induce pulmonary fibrotic injury in mice via specific mechanism.

	(Järlskog et al., 2022)
	2022
	*
	*
	*
	
	Mixed Fleet
	Microscopy & Imaging
	Environmental Abundance & Fate: TBWP significant in road dust; finer fraction dominates; runoff has highest proportion.

	(Rødland et al., 2022)
	2022
	*
	
	*
	*
	Mixed Fleet
	Spectroscopy & Chromatography, Modeling & Simulation
	Environmental Fate & Management: Strong TSS-TRP relationship; gully pots retain TRWP; treatment 63% efficient.

	(Weinstein et al., 2023) 
	2023
	*
	
	
	
	Passenger Vehicles
	Spectroscopy & Chromatography, Microscopy & Imaging
	Environmental Abundance: Major, underreported component of MP pollution in urban estuaries.

	(Brožová et al., 2023)
	2023
	
	
	*
	
	Passenger-car tire
	SEM, FT-IR, XPS, elemental analysis, particle size distribution, dispersion stability tests
	Reference Materials: Cryo-milling produces aged TWPs (~5 μm) with rapid fragmentation and stable dispersion, suitable for ecotoxicity test standards.

	(Goßmann et al., 2023)
	2023
	
	
	*
	
	Unspecified/
General Fleet
	Spectroscopy & Chromatography
	Environmental Fate: TWP detected in remote marine atmosphere; suggests long-range transport.

	(Shin et al., 2023)
	2023
	
	*
	
	
	Unspecified/
General Fleet
	Modeling & Simulation
	Environmental Fate & Risk: Most TWPs deposit in rural soil (78%), threat to soil ecosystems.

	(Liu et al., 2023) 
	2023
	*
	
	
	*
	Passenger Vehicles
	Spectroscopy & Chromatography
	Ecological Risk & Management: Carcinogenic risk exceeded safety threshold; road cleaning reduces levels.

	(Wang et al., 2023)
	2023
	
	
	
	*
	Unspecified/
General Fleet
	Systematic Review
	Research Trends: Research hotspots: biotoxicity, distribution, health risks; meta-analysis shows variable TWP content.


Table A1. Some of the most important studies conducted on microplastics produced from tire wear (Continued)
	Author
	Year
	Operational Factor
	Tire Type
	Analysis Method
	Key Finding Qualitative

	
	
	Traffic & Driving
	Vehicle & Tire
	Environmental & Weather
	Mitigation & Management
	
	
	

	(Klun et al., 2023)
	2023
	
	
	*
	
	Unspecified/
General Fleet
	Physicochemical Methods, Spectroscopy & Chromatography
	Environmental Fate: TWM not biodegradable; aging changes density but not composition (persistent).

	(Wang et al., 2023)
	2023
	
	*
	
	
	Unspecified/
General Fleet
	Modeling & Simulation
	Mitigation: Adjusting additive ratios can reduce TWP toxicity to aquatic organisms.

	(Ly and El-Sayegh, 2023)
	2023
	*
	
	
	
	Mixed Fleet
	Modeling & Simulation
	Review Synthesis: TRWP are a major source; accurate emission prediction requires integrated models.

	(Xiao et al., 2024)
	2024
	*
	
	*
	
	Passenger Vehicles
	Modeling & Simulation
	Environmental Fate: River retention drastically reduces TWP ocean flux; changes dominant ocean sources.

	(Wang et al., 2024)
	2024
	
	
	*
	
	Unspecified/
General Fleet
	Biological Assays
	Biological Effects: Toxicity of TMPs to algae is concentration-dependent and exacerbated by warming.

	(Hoeke et al., 2024)
	2024
	*
	
	*
	*
	Mixed Fleet
	Modeling & Simulation
	Management: Estimates national emissions and environmental pathways; user phase & artificial turf are major sources.

	(Kim et al., 2024)
	2024
	
	
	
	*
	Unspecified/
General Fleet
	Physicochemical Methods, Spectroscopy & Chromatography
	Mitigation: Fe-impregnated biochar showed high adsorption capacity for MPs.

	(Knight et al., 2024) 
	2024
	*
	*
	
	
	Passenger Vehicles
	Systematic Review, Modeling & Simulation
	Mitigation: EV-specific design and tires can mitigate wear; mass alone overestimates BEV wear.

	(Halsband et al., 2024)
	2024
	
	*
	
	
	Unspecified/
General Fleet
	Systematic Review
	Review Synthesis: complex composition, additives, analytical gaps, leaching, uptake, risk assessment needs.

	(Wang et al., 2024)
	2024
	*
	
	
	
	Mixed Fleet
	Spectroscopy & Chromatography
	Ecological Risk: Combined pollution and risk of TRWMPs and heavy metals (e.g., Cr) is a major concern.

	(Foetisch et al., 2024)
	2024
	*
	
	*
	*
	Mixed Fleet
	Microscopy & Imaging
	Analytical Method & Management: Developed ML method for TWP in soil; concentration decreases with distance from road.

	(Giechaskiel et al., 2024)
	2024
	*
	
	
	
	Unspecified/
General Fleet
	Modeling & Simulation
	Review Synthesis: Aggregated average wear rate data from numerous studies.

	(Mierzynska et al., 2024)
	2024
	*
	
	*
	
	Unspecified/
General Fleet
	Microscopy & Imaging, Spectroscopy & Chromatography
	Environmental Abundance & Fate: MP/TWP concentration increases with traffic intensity; snow is a temporary reservoir.


Table A1. Some of the most important studies conducted on microplastics produced from tire wear (Continued)
	Author
	Year
	Operational Factor
	Tire Type
	Analysis Method
	Key Finding Qualitative

	
	
	Traffic & Driving
	Vehicle & Tire
	Environmental & Weather
	Mitigation & Management
	
	
	

	(Chebbi et al., 2024)
	2024
	
	
	*
	
	Unspecified/
General Fleet
	Physicochemical Methods, Biological Assays
	Biological Effects: MPs in polluted soils increase metal uptake in plants, reduce growth, cause oxidative stress.

	(Özen and Mutuk, 2025)
	2025
	*
	
	*
	
	Mixed Fleet
	Spectroscopy & Chromatography, Microscopy & Imaging
	Environmental Abundance: Black fragment MPs dominated; correlated with PM10 and traffic flow.

	(Sommer et al., 2025)
	2025
	*
	*
	
	
	Unspecified/
General Fleet
	Physicochemical Methods
	Wear Rates & Significance: Measured bike tire wear rates; rear > front; contributes <1% to national MP emissions.

	(Zou et al., 2025)
	2025
	
	
	*
	
	Mixed Fleet
	Bibliometric & Thematic Analysis
	Soil Pollution: TWPs are toxic and understudied in soils, releasing persistent harmful chemicals with underestimated ecological risks.

	(Beaurepaire et al., 2025)
	2025
	
	
	*
	
	Unspecified/
General Fleet
	Spectroscopy & Chromatography
	Environmental Abundance: TRWP concentration in soil orders of magnitude higher than other MPs.

	(Piarulli et al., 2025)
	2025
	
	*
	
	
	Unspecified/
General Fleet
	Spectroscopy & Chromatography
	Biological Effects: Leached chemicals, not particles, are the primary driver of toxicity in cod.

	(Keang et al., 2025)
	2025
	
	
	*
	
	Mixed Fleet
	FE-SEM, ICP-MS, Acute toxicity test, Biochemical assays, Transcriptomics (RNA-Seq)
	Ecotoxicological Effects: Mixtures of tire particles and microplastics induce stronger oxidative stress in Daphnia magna than individual pollutants.

	(Yaya et al., 2025)
	2025
	
	
	
	*
	Unspecified/
General Fleet
	Physicochemical Methods
	Mitigation: Optimal MP substitution in cement tailings increases strength.

	(Premarathna et al., 2025)
	2025
	*
	*
	*
	
	Mixed Fleet
	Spectroscopy & Chromatography, Microscopy & Imaging
	Environmental Abundance: Roadside MPs dominated by TWP; abundance depends on traffic/road conditions.

	(Otieno et al., 2025)
	2025
	
	
	*
	*
	Unspecified/
General Fleet
	Spectroscopy & Chromatography, Biological Assays
	Biological Effects & Risk: TMPs altered microbial community and increased antibiotic resistance genes in wastewater.

	(Müller et al., 2025)
	2025
	
	
	
	*
	Unspecified/
General Fleet
	Systematic Review
	Ecological Risk: TWP particles show low risk; leachates (e.g., 6PPD-Q) pose higher risk.




