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Investigating Tyre and Road Wear Particles: Source and Analytical Techniques 

in Microplastic Pollution 

*Correspondence: Rumana Hossain: r.hossain@unsw.edu.au  

 

Executive Summary 

Microplastic pollution is a critical environmental issue of the 21st century. With tyre 

and road wear particles (TRWP) emerging as a significant contributor. TRWP, 

generated through the interaction of vehicle tyres and road surfaces, account for 

approximately 28% of global microplastic contamination. This report examines the 

various aspect of TRWP, from their generation and release mechanisms to their 

environmental impacts. 

 

Objective: The primary objective of this report is to explore the sources, 

characteristics, and environmental pathways of TRWP and to assess the existing 

analytical techniques for microplastic and TRWP. 

 

Generation and Release Mechanism; TRWP are produced during driving, braking, 

and acceleration, with their properties influenced by factors such as tyre 

characteristics, road surface types, and vehicle operation conditions. Emission 

factors vary be region and vehicle type, affecting the quantification of TRWP 

emission globally. 

 

Environmental Pathways: TRWP are dispersed through airborne medium, water 

runoff, and snow removal. A significant portion becomes airborne, while others are 

mailto:r.hossain@unsw.edu.au
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integrated into soil or washed into waterways, contributing to marine and terrestrial 

pollution. 

 

Sources of Road-borne Microplastics: The primary source includes tyre treads, 

road markings and bitumen binders. These materials release microplastic through 

abrasion and degradation, with varying compositions and toxicological impacts. 

 

Toxicological Impacts: The report highlights the presence of toxic chemicals in 

tyres, such as polycyclic aromatic hydrocarbons, and heavy metals, which pose risk 

to human health and ecosystems. The leaching of these substances into the 

environment underscores the need for effective management strategies. 

 

Analytical Techniques: The report details various methods for collecting and 

analysing TRWP, including road sweeping, air sampling, and road simulators. It 

discusses about conventionally used material analysis techniques; microscopy, 

spectroscopy and GC/MS techniques and their efficacy to identify and quantify, 

TRWP, including the challenges faced from heterogeneous composition and 

presence of carbon black. 

 

This report underscores the importance of analytical techniques in studying TRWP 

and provides their role in environmental pollution, emphasizing the need for further 

research and policy development. 
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1 Introduction 

The issue of microplastic pollution has emerged as one of the most pressing 

environmental concerns of the 21st century. While public attention has often focused 

on visible plastic waste in oceans and landfills, a conspicuous but equally significant 

source of microplastics has been gaining recognition: tyre and road wear particles 

(TRWP). These microparticles, generated through the continuous interaction 

between vehicle tyres and road surfaces, represent a substantial contribution to 

global microplastic contamination. Recent studies  by the European Community have 

highlighted the alarming scale of this problem, estimating that TRWP contribute to 

approximately 28% of global microplastic contamination [1]. The ubiquity of road 

transportation in modern society means that this source of microplastic is as 

widespread as it is persistent, affecting urban, rural, and natural environment alike 

(figure 1). 

 

The recent focus on microplastic for its issue of environmental pollution and its 

effects on organisms and living beings have drawn many researchers, and 

policymaker to identify and counter its issue. The definition of microplastic comprises 

plastic fragments with size in between 5 mm and 1 m, generated from several 

plastic and polymer degradation and wear-tear actions [2]. In 2004, the concept of 

“microplastics” was publicised as microscopic plastic particles as little as ≈20 μm in 

diameter. In 2008 NOAA meeting, the experts defined microplastics as plastic 

particles less than 5 mm in diameter, now a days this has become the most 

commonly used definition. As the scientific exploration on plastic debris is evolving 

continuously, a certain nomenclature regarding microplastics has emerged. 

Nonetheless, the nomenclature remains unclear and inconsistent, especially when it 
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comes to defining the size of the plastic debris [3]. Based on the process of 

microplastic production and their time of formation in plastic degradation process, 

microplastics are divided into primary and secondary microplastics. Primary 

microplastic are manufactured microscopic synthetic particles made for commercial 

applications such as cosmetics, detergents, paints and pesticides, while secondary 

microplastics are generated from macro-sized plastic and synthetic materials during 

their use cycle or after disposal [4, 5]. Likewise, secondary category can be further 

sub-divided into microplastic being generated during application cycle and after end-

of-life disposal [6]. In contrast there has been alternative definition from other 

researchers, where primary microplastics are those sub 5 mm fragments released 

into the environment during its manufacturing, use and abrasion, while secondary 

microplastic are one which further degraded from the release primary microparticles 

[5, 7]. 

 

This review discusses about different kind of microplastic that comes from tyre and 

road wear particles. The categories of roads like dense asphalt mixture and porous 

asphalt mixture are found based on the area, which generates particles when vehicle 

tyres tread on them, containing minerals from road abrasion and tyre and road wear 

particles (TRWP) [8]. The composition of tyre wear particles (TWP) accounts for half 

of TRWP [8], with major portion of rubber found in the particle [9]. There has been 

inconsistency on the classification of rubber as plastic, with a faction of researchers 

considering it as plastics [10], while International Organization for Standard (ISO) 

has rubber as separate classification to plastics [11]. Micronised rubber tire particles 

(i.e. microrubber) have been detected in the environments, mostly originated owing 

to the abrasion between car tyre and roads. Microrubber share some commonalities 
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with microplastics. The chemical composition of microrubber from tire is a mixture of 

different polymers, synthetic rubber (a 1:3 blend of styrene: butadiene rubber) being 

the primary elastomer in passenger car tire and natural rubber in truck and heavy-

duty tires. For polymer, repeating monomers form the backbone of the polymer. 

Microplastics either originated from primary or secondary sources, on the contrary 

the microrubber mainly originated from secondary sources [12]. Despite of that, it 

has been identified as major source of microplastic in environment [4, 10, 13, 14] 

with 5-18% of plastics in the ocean made of TWP and 3 - 7% of particle fractions as 

PM2.5 in urban air [5]. The major hurdle for analysing TRWP comes from mixed 

nature of the road particles embedded with rubber particles, which creates ambiguity 

in identification and quantification of particulate materials, and there has been 

development towards detection, analysis and quantification, resulting in improved 

attention [15, 16].  

This review is structured to provide a comprehensive analysis of TRWP as a 

significant source of microplastic pollution. It begins with an exploration of the 

generation and release mechanisms of TRWP, detailing how tyre-road interactions 

contribute to microplastic emissions. Following this, the review delves into the factors 

influencing TRWP generation, such as tyre characteristics, road surface types and 

vehicle operation conditions. The subsequent section discusses the environmental 

pathways through which TRWP are dispersed, including airborne transport, water 

runoff, and snow removal. The review then examines the sources of road-borne 

microplastics, focusing on tyre-treads, road markings and bitumen binders. Finally, it 

discusses the existing analytical technological used for TRWP identification and 

quantification. This structured approach aims to provide a detailed understanding of 
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TRWP’s role in environmental pollution and the challenges associated with their 

management and mitigation. 

 

 

Figure 1. The conceptual schematic of microplastic flow in environment. 

2 Generation and Release Mechanism of TRWP 

2.1 Generation of TRWP 

The generation process of TRWP is fundamentally based on contact between tyre 

and road surface which occurs during driving, braking and acceleration. The 

generation process also determines their properties and behaviour in the 

environment [15]. There are several emission factors which controls the properties of 

TRWP generated: tyre characteristics (type, chemical composition, and size), type of 

road surfaces (material, porosity, wetness, and temperature), characteristics of 

vehicles (braking system and weight), and operation condition of vehicles (speed, 

braking frequency and duration, and cornering) [10, 17]. Different emission factors 

reported are tabulated in Table 1 and displayed in figure 2, which were measured by 
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determining the difference in tyre weight, or annual tyre replacement, with respect to 

mileage [18]. The calculated emission factor is region specific and have multiple 

variates like region, tyre types, sampling process, and vehicle operation parameters 

that can affect the values. 

 

Table 1. Emission factors for different vehicle types (mg/Vehicle km). 

Vehicle Type Urban Roads Rural Roads Highways Ref 

Light duty vehicle 14 11 9.1 [19] 

Heavy duty vehicle 47 27 31 

Bus/Coach 21 17 14 

Passenger Car 132 85 104 [17] 

Van 159 102 125 

Motorcycle 60 39 47 

Light Special Vehicle 159 102 125 

Heavy Special Vehicle 850 546 668 

 

The most common approach of calculating tyre wear particles is by using emission 

factors and total mileage of the vehicle, or from the total number of tyres and weight 

loss values of tyres [14, 15]. Countries like Japan, UK, and Italy opt for weight loss 

approach while Germany, Sweden and Norway use emission factor method (table 2) 

[20]. India has the lowest emission per capita with USA having highest emission [14]. 

It is due to fewer number of cars per person in India. 
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Table 2. Annual TRWP emission for different region. 

Country/R

egion 

Total TRWP 

emission (t/a) 

TRWP 

emission 

per capita 

(kg/(cap*a)) 

Estimation 

Method 

Remarks Ref 

EU 1,327,000 2.6 A From total vehicle 

mileage extracted 

from Germany 

[10

] 

Australia 70,000-

80.000 

0.9 - - [21

] 

India 292,674 0.2 A - [14

] 

Japan 239/762 1.9 B Data from [22] [14

] 

USA 1,797,480 5.5 A - [14

] 

Brazil 294,011 1.4 A - [14

] 

World Total 5,917,518 0.8 A Extrapolated from 

available data  

[14

] 

A = Estimation calculated from emission factors and total vehicle km. 

B = Estimation calculated from number of vehicles registered, tyre life expectancy and loss during 

lifetime. 
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Figure 2. Factors influencing TRWP generation. 

2.2 Route to Environment 

2.2.1 Airborne Medium 

Road dust can swirl up with winds, accelerating vehicles, and continuous vehicle 

running on the road from the turbulence generated around the contact point of tyre 

and road; while during wet condition vehicle passing can aid in splash and 

particulate runoff [6]. Around 0.1 - 10 mass % of the TRWP generated is projected to 

be airborne, and are fine particles (PM 2.5 to 10) [15], with remaining coarse 

particulate remains in road surface. The TRWP deposited in adjacent soil generally 

tends to avoid runoff and are integrated to the soil with the embedded contaminants 

like heavy metals and minerals [23], with study showing wind accounting for one-

third portion of particulate removed by winds [24]. 

2.2.2 Water Runoff 

The coarse fraction of TRWP from road surface are mobilized with 2 mm/day rain 

and with 5 mm/day rain, major part will wash away to waterways [25], with deposition 

around small area in adjacent section of the paved road (0.75 - 1.5 m) where road 
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runoff is not available (two-third of deposition) [24]; runoff accounts for 50 - 60% in 

urban roads, 10% in highways and 20 - 30% in rural roads [26]. The road 

infrastructure also dictates the amount of run-off [27], with roads with stormwater 

systems helping in dispersal of the particles [28], and in roads without such system, 

the TRWP deposits onto adjacent land area from where they are transported into 

waterways with rain and any human induced water flow [10]. As per OSPAR (Oslo 

and Paris) Commission, the study from North-East Atlantic Ocean countries, the 

marine based TRWP was compared to land-based plastic litter [5]. Norway accounts 

for 3942 tons of tyre wear particles in ocean per annum which is around 32% of 

plastic dumped in ocean [29], and from Sweden around 8700 tons of TRWP are 

predicted to reach ocean per year [30]. 

2.2.2.1 Snow Removal 

During wintertime when snow is scraped up from the road and transported 

elsewhere, it also carries TRWP dispersed in road surface. Typically, roadside snow 

around per-urban and urban environment has high level of contamination, which 

during melt off , leads to runoff into water ways [30]. The level of microplastic in sea-

salt and rock used in de-icing has been found out to be very low, suggesting major 

part still intact in snow [31]. 

2.2.3 Street Cleaning 

During street cleaning process, there is possibility of airborne particulate being 

generated, so, wet cleaning method are generally used. The wet method uses water 

runoff which can wash away the particulate from road to waterways while the 

collected sludge which still contains high amount of TRWP are landfilled [6, 28]. 

Larger microplastic fraction (>100 - 125µm) can be effectively collected during road 
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cleaning [32], thus preventing them from reaching stormwater system, while the 

smaller fraction can still be suspended in the pavement microstructure [6]. 

3 Characteristics of TRWP 

There has been a clear understanding of the chemical composition and 

characteristics of the source of TRWP: tyre tread, bitumen binder, and the road 

marking, but there lacks information regarding the characteristics of TRWP. The 

interaction of tyres with roads changes the chemical composition of the particulate 

generated due to the friction, heat, and embedding of road materials [33]. The tyre 

wear, which is dominantly rubber, gets incorporated with other road elements that 

come from brake dust, bitumen binder and traffic paints, and labelling [33], changing 

the chemical composition of TRWP from laboratory-generated particles [34]. 

The shape, size and density of TRWP influences the dispersion of microplastic in the 

environment (table 3) [35], and it tends to vary from the sampling points (soil, 

airborne, road surface, waterways etc.) [20]. Studies have shown that TRWP can 

range from nanometres to micrometres in size (table 4), with several particle size 

distribution: ultrafine particles with a size range of 6 to 562 nm, with peak 

concentration around 30 - 60 nm [36]; bimodal distribution with 90% by mass for less 

than 1 µm size [37]; single peak mode, with high peak diameters in the range of 10 

to 200 nm [38]. Likewise, the mass distribution for the TRWP showed a bimodal 

distribution with concentration peaks at 0.5 µm and 1.3 - 2.5 µm [39]. 

 

Table 3. Physical attributes of tyre wear particle (TWP). 

Attributes Description Characteristics Ref 
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Shape Ellipsoidal shape with 

rough surface 

Embedded heavy metals and minerals. 

Elongated shape makes it surface prone 

in asphalt. 

[20, 

40] 

Size 10 nm to several 100 

µm 

Depends on speed, temperature, type of 

road, and tyre tread composition. 

[14, 

41] 

Density 0.94 to 2.5 g/cm3 Effective density of tyre tread embedded 

with impurities. 

Effects the dispersion in soil and 

floatation in water ways. 

[9, 41] 

 

Generally, TRWP exhibit an elongated or ellipsoidal shape, with mineral encrustation 

derived from road surface materials with elements and minerals like Al, K, Ca, and 

Mg [42]. This shape originates form complex interaction between tyre tread and road 

surface with variables like humidity, speed, and pavement types. This creates 

peculiar surface characteristics of the particles which displays unique organic 

surface markers like C7H7
+ ions present in the surface [42]. These TRWP also 

display resistance to heat-induced deformation due to complex nature of materials 

with mineral encrustation providing structural stability [42]. It should be stressed that 

the precise morphology of TRWP significantly varies with tyre composition, 

pavement types, and specific weather condition [15], which adds the complexity for  

identification and characterization of TRWP in environmental samples. 
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Table 4. Number size distribution for TWP. 

Method Country Measured Size 

Range 

Size Distribution Ref 

Tyre Simulator China 6 nm - 10 µm Bimodal (10-13 nm, 23-41 

nm) 

[39] 

Tyre Simulator Spain 523 nm - 20 µm; 

15 - 800 nm; 

5 - 160 nm 

Bimodal (35 nm, 85 nm) [43] 

Test site Germany 5.6 - 562.3 nm Unimodal for low speed: 

(70 -90 nm) 

Bimodal for High speed 

(<10 nm, 30 - 60 nm) 

[36] 

Road 

simulation 

Denmark 15 - 700 nm 15 - 50 nm (average size 

distribution) 

[44] 

Road vacuum 

cleaning 

US 0.3 - 100 µm Unimodal (50 - 75 nm) [34] 

 

The chemical composition of TRWP differs from the initial tyre composition and is a 

function of size of the particles. The coarser particles have higher concentration of 

Fe, Ca, and Zn with smaller fractions of Ti and Sb [45]; while in finer sizes the 

concentration of Zn was not found with major composition being Fe, Ca, Ti, and Sb 

[45]; with airborne particles mainly composed of Si and Al [10, 46]. Likewise, for the 

sub-micrometre particles sulphur was also found [10]. The vehicle types also 

effected the composition with Zn composition  around 1.1% for passenger  
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The metallic composition of TRWP mostly consist of zinc, silicon, and sulphur which 

are found in tyre itself [47], The amount of aluminium and silicon in TRWP is 

significantly higher than in tyre particles,  which can be from asphalt which 

constitutes these elements [48-50]. Likewise, there are also other elements found in 

TRWP like magnesium, iron and calcium, which in comparison to tyre particles are in 

high amount in TRWP. It can be due to presence of their elements in pavements, 

road surfaces and traffic components like road paintings and markings [34]. There 

are significant amounts of polyaromatic hydrocarbon (PAH) present in TRWP, which 

comes from tyres, but studies have shown that the fraction of PAH in tyres are 

significantly less (<5%) [51, 52]. The concentration of PAH seems to directly 

correlate with the mileage of the tyre [53], which can be from degradation due to the 

produced heat between tyres and road [54]. The high amount of PAH found in road 

particles can be from automobile emission, asphalt, and fuel combustion [47]. 

4 Sources for Road Borne Microplastic (MP) 

The three main source of microplastic from road transport are from tyre treads from 

the vehicles, road markings, and paints used on the road, and bitumen binder used 

in the asphalt road [6, 55], which all have different types of polymers in them used as 

main ingredients or as an additives. The shape and physical properties of the MP 

generated from these sources varies on the type of abrasion the materials are 

subjected to and the application of the polymers in the source. The tyre wear 

particles are generally elongated and has small amount of embedded mineral 

particles, picked up from the road and surrounding [34]. The road MP are mixed with 

road dust which contains sand and other particles like more microplastics, toxic 

elements, and organic and inorganic matter often from the surrounding of the road, 
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with study showing the composition varying from the location of the road, with urban 

setting consisting more particles from the non-exhaust vehicle emulsion including 

tyre treads and brake wears [56], from the human activities like vehicular movement 

and construction work [57], compared to rural settings. The following section will 

discuss on the physical and chemical characteristics of three major source of road 

MPs generated from the polymeric composition of tyres, road paints, and bitumen-

binders. The discussion is based on the materials that are commercially used in 

roads and tyres with information provided by the product manufactures and 

researchers. The toxicological behaviour of the chemicals and materials used in 

each product has also been discussed to highlight the impact of the chemicals to 

human beings and the ecosphere around the application area. 

4.1 Tyre Tread 

Tyre treads are the part of tyres that come in direct contact with road and are 

subjected to wear and tear, abrading the tyre surface forming micro and macro 

particles. They are primarily made of natural and synthetic rubber, mixed with fillers 

to reinforce rubber compounds (commonly used carbon black and silica); softeners 

(petroleum oil, pine tars, resins, and waxes) used to improve tack of unvulcanised 

compounds; antidegradants (waxes, antioxidants, and antiozonants) to protect from 

impact of oxidation, UV, and heat;  and curatives (sulphur with accelerators and 

activators) to transform viscous compounds into elastic material [58]. The 

composition of additives, and filler materials vary as per the required application and 

features for tyres such as superior traction in wet condition, heavy duty agricultural 

use, or long-wearing optimal performance type [59].  

A tyre for typical passenger tyre are made of almost 25 components with different 

types of  reinforcement components made of textiles, polymer or metals (steel and 
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brass) and the base material rubber can be made of 12 different types of natural and 

synthetic rubber and additives [58, 60]. The material composition of tyres has been 

summarised in table 5. The tyre tread has three parts, tread base, tread cap, and 

tread wing. Tread base creates bonding between the tyre carcass and the tread, so it 

is made of high-adhesion property material, while tread cap is the part that comes in 

contact with the road first, thus are made of abrasion-resistant, high grip rubber 

material. Tread wings are optional part which is made of adhesive material which 

connects the tread to the sidewall of the tyres [61].  

 

Table 5. Material composition of tyres in Australia, UK, and USA. 

Material United Kingdom USA Australia 

 Passenge

r Cars 

Trucks/Buse

s 

Similar 

compositio

n 

Passenge

r Cars 

Truck

s 

Rubber Natural 17% 25% 14-27% 16-35% 29-

70% 

Syntheti

c 

31% 15% 14-27% 65-29% 30-

13% 

Carbon Black 22% 21% 28% 23% 24% 

Metal 15% 27% 14-15% 16% 25% 

Textile 5% - 6% - 

 

Additive

s 

Sulphur 1% 1% 16-17% 

Processing 

Oil 

1% 1% 

Zinc 

Oxide 

1% 2% 1% 2% 
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Additive

s 

8% 6% 8% - 

References [62, 63] [64] [65] 

 

4.2 Road Marking and Paints 

Road markings are used to warn and guide traffic for the safety, and are made of 

polymers, pigments, additives and fillers, and additives like glass beads for reflective 

coating. Based on type of polymers and base materials there are different kind of 

road marking products found commercially, as mentioned in table 6.  

 

Table 6. Types of road marking products [66-69]. 

Type Binding Agents Feature 

Water Based Paints Thermoplastic acrylic 

resins. 

Less durable and 

environmentally friendly and 

can be used in concrete, 

bitumen, and asphalt. 

Solvent Based 

Paints 

Thermoplastic acrylic resin 

or styrene acrylic mixes 

used. 

For solvents: esters or 

ketones and aromatic 

solvents permitted in few 

countries. 

Less environmentally friendly 

but lasts longer and not 

suitable to be used in bitumen 

or concrete. 
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Two-component 

System/Cold 

Applied Plastic 

Acrylic Systems uses 

thermosetting resins as 

binding agents and 

dibenzoyl peroxide as 

curing agents. 

Epoxy systems use epoxy 

resins as binding agents 

and with amines as curing 

agents. 

Very durable and easy to 

apply and less curing time. 

Hot Thermoplastic 

Systems 

Pentaerythritol resin ester, 

C5-hydrocarbon resin, EVA 

copolymer or styrene block 

copolymers. 

Used in high wear situations. 

Road marking tapes Polyurethane and flexible 

polymer, with glass beads 

or crystalline ceramic 

beads used. 

Used in construction sites, 

road works and temporary 

usage area. 

 

4.2.1 Water Based Paints 

Thermoplastic acrylic resin in water based emulsion is used as binding agent in 

water based paints [66], and are commonly used road marking paints due to 

presence of less than 2% of volatile organic compounds and is cheaper and easier 

to apply [66]. It can be used in all kind of surface like concrete, bitumen, and asphalt 

and has good reflective bead retention, making it a popular choice for road markings 

[66]. High pressure piston pumps are used for applying the paint [6]. 
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4.2.2 Solvent Based Paints 

The binding agents like thermoplastic acrylic emulsion and styrene acrylic mixes are 

dissolved in organic solvent like esters and ketones [66]. The presence of chemicals 

like styrene acrylic mixes and organic solvents makes it durable but less 

environmentally friendly, limiting its usage in several countries [6]. This paint is not 

suitable to use in bitumen or asphalt surface as it breaks down the surface [67].  

4.2.3 Two-component System/Cold Applied Plastics 

Two-component paints are usually acrylic-based or epoxy-based system where the 

thermosetting component is mixed with curing agent to form a thermoset [70]. Acrylic 

system uses acrylates like mono and multifunctional esters of methyl resin (MMA 

resin) [66, 70] ; which are mixed with filler pigment and anti-skid material. The mix is 

then treated with polymerising agents like dibenzoyl peroxide (BPO) [66]. BPO helps 

to start the polymerization of acrylate monomers through an irreversible exothermic 

reaction, accelerating the hardening process in higher temperature [71]. For epoxy 

systems amines are used as curing agents which is mixed with epoxy resins 

dissolved with pigments and additives [66]. 

4.2.4 Hot Thermoplastic System 

Thermoplastic polymers (C5 aliphatic hydrocarbon resin or alkyd resins) are used as 

binding agents for this system, which are mixed with additives, glass beads, 

pigments and fillers [70]. In addition, polymers like ethylene vinyl acetate copolymer 

(EVA) are added to make the paints durable in cold region and styrene block 

copolymers are added to make it more elastic [70]. About half of the paint system is 

composed of filler material like quartz sand and calcium carbonate, and with around 

20% is glass beads [70]. Commonwealth Scientific and Industrial Research 
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Organization (CSIRO) and its subsidiary, Australian Paint Approval Scheme (APAS) 

has set guidelines, in accordance with Standards Australia for pavement marking 

material based on thermoplastic for safety certification [72].  

4.2.5 Road Marking Tapes 

Road marking tape can be permanent with pressure-sensitive adhesion system or in 

the form of removable tape for temporary application. Permanent tape includes 

monocrystalline ceramic beads or glass beads embedded on the surface while for 

binding agents it uses rubber and polyurethane. Likewise, temporary tapes have 

self-bonding adhesives on underside with pigmented binding agent with glass beads 

on the upper surface on the metal foil backing [73]. 

4.3 Bitumen, Polymer-based Bitumen Binder, and Waste Plastic in Bitumen 

Asphalt is a mixture of aggregates and binder agents. Aggregates are made of sand, 

gravel and crushed rocks, while as binding agent, which constitutes around 4 - 8% of 

the mixture, bitumen is used. Generally, virgin resins like ethylene vinyl acetate 

(EVA) and styrene butadiene styrene (SBS) have been used as polymer modified 

bitumen binder which are extracted from naphtha and produce high performance 

polymer modified asphalt [74]. The conventional hydrocarbons like EVA and SBS 

have been gradually replaced by more common thermoplastics such as polyethylene 

(PE), polypropylene (PP) and Polyethylene terephthalate (PET) [74]. Likewise, the 

virgin polymer materials have gradually been replaced by waste thermoplastic 

feedstock to counter the growing issue of waste plastic and use it as a secondary 

material for construction  to support the circular economy chain [75, 76]. 
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4.3.1 Bitumen 

Bitumen is extracted form multistage distillation process of crude oil, which can 

produce over 20 different grades of bitumen from the short residue obtained from the 

fractionating column [77]. The general chemical composition of bitumen is carbon 

(82 - 88%), hydrogen (8 - 11%), sulfur (0 - 6%), oxygen (0 - 1.5%) and nitrogen (0 - 

1%) [77]. The major chemical constituents of bitumen are asphaltenes and maltenes 

(resins, aromatics, and saturates) [77]. The features of hydrocarbons in bitumen is 

explained in Table  7. 

 

Table 7. Hydrocarbons of bitumen [48]. 

Hydrocarbon Form Features Percentage 

Asphaltenes Tar-like materials with hard, solid, and 

black texture. 

5-25% 

Polar Aromatics 

(Resins) 

Has adhesive property and semi-solid 

dark brown in color. 

Molecular mass 

= 500-50,000 

gram/mol 

Aromatics Oil Viscous, dark brown liquid. 40-60% 

Saturated 

Hydrocarbons 

(Paraffins) 

Aliphatic hydrocarbons with 

alkylnaphthalenes and aromatic 

alkyls. 

5-20% 

 

4.3.2 Polymer Modified Bitumen Binder: From virgin and waste polymers 

The bitumen portion of the asphalt has been gradually mixed with polymers to 

improve the mechanical properties of bitumen, thereby making it suitable for heavy-
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duty traffic and extreme weather condition roads [78, 79]. EVA and SBS are 

commonly used copolymers in bitumen [74], which enhance the elastomeric 

properties of the bitumen thus improving  cohesiveness, resistance to fatigue and 

elevated strength [80]. Likewise, rubber crumbs are also used, generally obtained 

from waste tyres as the polymer modifier [81]. Polymer-modified bitumen decreases 

the temperature susceptibility, which helps maintaining the mechanical strength of 

the road during hot weather, while preserving its workability in colder temperatures 

[82]. These features make polymer-modified bitumen suitable for applications such 

as strain alleviating membranes (SAM) [83], strain alleviating membrane interlayers 

(SAMIs) [84], and high-stress seals (HSSs) [85]. To counter the growing stockpile of 

plastic waste, there has been efforts in using waste plastic to replace the virgin 

feedstock in polymer-modified bitumen. The use of plastic waste as an alternative to 

conventional polymer-based bitumen binder seems attractive from an economical 

and sustainable perspective. This technique has been proven to be a better 

alternative to incineration and landfilling and also supersedes the use of virgin 

feedstock in  polymer-based binders [86]. There has been development in 

formulating guidelines to incorporate plastic waste in bitumen, and there has been 

application in several countries. Austroads, an Australian based company has been 

developing APT6305 project which outlines guidelines for road industry to identify 

and handle road-grade plastics, which can be used for polymer modified bitumen 

[76]. Likewise, Downer has developed ‘reconophalt’, asphalt mix using recycled soft 

plastic bags and packaging and rubber from end-of-life rubber. ‘Reconophalt’ has 

been approved by New South Wales Environmental Protection Agency (NSW EPA) 

and has shown comparable environmental risk to standard asphalts, in terms of BPA 

leaching and microplastic generations [87]. Similarly, companies like Fulton Hogan 
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have adopted APT6305 guidelines and developed  ‘Plastiphalts’, which is asphalt 

using polymer-modified bitumen, using recycled plastic waste [88]. India has been 

front runner on incorporating waste plastic in asphalt road, with the early use case 

since early 2000, when street in Chennai (Jambulingam Street) was built using this 

concept [89]. Government regulators in India have been very supportive of this 

technology, with  reported 100,000 km of roads being built using polymer-modified 

bitumen as of 2020 [90]. There are also mandatory regulations set by the 

Government of India requiring road developers to use waste plastic in any road 

construction within 50 km periphery of urban areas with population greater than 

500,000 [91]. The profuse use of polymers in bitumen has been diverting major 

portion of plastic waste from incineration and landfill avoiding the environmental 

impacts through toxic fumes and leaching caused by the process. Different types of 

polymers used in bitumen has been listed in table 8. 

 

Table 8. Different types of polymers used in bitumen [48-50]. 

Polymer Group Polymer Types Features and Applications 

 

 

Elastomeric Polymers 

(Thermoplastic type) 

Styrene-butadiene-

styrene (SBS), styrene-

butadiene rubber (SBR), 

polybutadiene (PBD), 

Polychloroprene latex, 

styrene isoprene (SIS), 

Styrene ethyl butylene 

styrene (SEBS) 

• Improves elasticity and 

increases tolerance to 

temperature change. 

• Used in HSSs, SAMs 

and SAMIs 
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Plastomeric 

Polymers 

T
h
e
rm

o
p
la

s
ti
c
s
 

Ethylene vinyl acetate 

(EVA), ethylene 

methacrylate (EMA), 

atactic polypropylene 

(APP), polypropylene 

(PP), ethylene butyl 

acrylate (EBA), 

polyethylene (LD and HD) 

• Improves stiffness and 

is used for HSSs 

T
h
e
rm

o
s
e
ts

 

Epoxy resins, 

polyurethane resins, 

acrylic resins, phenolic 

resins, Ethylene 

propylene diene 

monomer (EPDM) 

 

Rubber or Crumb Rubber 

(Thermosetting Type) 

From shredding of waste 

rubber tyres, SBR, natural 

rubber, it can be used as 

source of elastomer in 

bitumen 

• Same as elastomer 

 

However, the limited study on the long-term impacts of this application is a major 

concern. Most studies conducted on the application have been confined to controlled 

environments, with very limited data and studies available from real-time use cases 

[92-94]. Laboratory-scale studies on the polymer-modified bitumen roads are based 

on simulation standards like Heavy Vehicle Simulator [95], and Pavement Fatigue 
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Carousel [96], which are run in an accelerated environment without accounting for 

factors like microplastic generation due to abrasion from tyres on road  [97]. 

5 Analytical Techniques for TRWP 

Most of the analytical studies on TRWP have been limited to lab-generated particles 

[98-101], while there are few numbers of literature that discusses on quantifying 

TRWP collected from road dust and stormwater [25, 102-104]. Table 9 presents an 

outline of recent available methods practised for microplastic analysis. The table 

provides information such as the volume of sample required, sample preparation 

methods for individual characterisation method, detection limits of characterisation 

methods, and particle size. Nonetheless, microplastics are quite complex and 

different in terms of their physical properties (size, shape, density, type, surface 

properties, etc). Exploration of such complex samples could look like looking for a 

needle in a bale of hay. Here, the relevant methods (figure 3) for chemical 

identification, estimation, and characterization of microplastics has been reviewed. 

The analysis method can be broadly classified into microscopic methods, micro-

spectroscopic methods and gas chromatography-mass spectroscopy (GC-MS). 

Spectroscopic techniques use infrared radiation (FTIR), laser beam (Raman) and 

electron beam (SEM) to reveal specific absorption and reflection patterns to analyse 

the sample which can be used to attain information about shape, size, surface 

morphology, homogeneity-heterogeneity, and element quality of the samples.  
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Table 9. Analytical methods used to analyse and quantify microplastic generated from tyre 

and road wear particles [20, 34]. 

 Microscopi

c Methods 

Micro-spectroscopic Methods  GC/MS 

 Light 

Microscop

y 

SEM-

EDX 

𝜇-FTIR Raman Pyrolysis 

GC/MS 

TED-

GC/MS 

Detectable 

Quantity 

- - ng to 𝜇g ng to 𝜇g 𝜇g 𝜇g 

Measurable 

Particles per 

Sample 

- - 103 to 

105 

103 to 105 <20 mg <100 mg 

 Analysis Duration 

(including sample 

preparation) 

Hours to 

days 

Hours Days to 

weeks 

Hours to 

days 

Days to 

weeks 

Hours 

Detection Limit  20 to 100 

𝜇m 

10 𝜇𝑚 20 𝜇m 1 to 10 𝜇m <1𝜇𝑔∗ 0.5 to 2.5 

𝜇𝑔 

Sample 

Preparation  

Filtration Filtrati

on 

Special 

filtration 

Filtration Particle 

isolation 

in vial 

Material/filt

rate in 

crucible 

Type of Polymer  N/A N/A Yes 

(tough) 

Yes(tough) Yes Yes 

Particle Surface 

Analysis  

Yes yes N/A Yes N/A N/A 
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Rate of 

Degradation  

N/A N/A N/A Surface 

oxidation 

Oxidation N/A 

Particle Size, 

Shape, 

Morphology and 

Quantity  

Via visual 

assessme

nt 

Yes 

(quanti

ty) 

Yes Yes N/A N/A 

Mass Balance N/A N/A N/A N/A Yes Yes 

Can be practised 

for TRWP 

assessment  

Via manual 

identificatio

n 

(Result 

uncertain) 

Under 

progre

ss 

Under 

progress 

Under 

progress 

Yes 

(With 

reference 

spectrum/

library) 

Yes 

(With 

reference 

spectrum/li

brary) 

*Development 

 

The presence of carbon black in tyres creates some challenges while analysing the 

samples using microscopy owing to the disruptive fluorescence phenomenon and 

complete absorption of infrared light when sample is exposed to laser light or 

electron beam radiation [14, 102]. The sample preparation step for SEM is a time-

consuming process and requires careful sample preparation before analysis [105]. 

SEM can be coupled with EDX (x-ray detector) analysis for elemental mapping. 

Similarly, GC-MS can be either pyrolysis GCMC (pyr-GC/MS) or Thermal extraction 

and desorption GC/MS (TED GC/MS). 

5.1 Sample Preparation Techniques 

Before analysing the microplastic content in TRWPs, it is necessary to prepare the 

sample and make it suitable for characterisation. Various processes are used to 
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disintegrate organic materials (humic substances, bacteria, and cellulosic 

compounds) and detach inorganic components (carbonates, silicates, and minerals) 

from the sample [106, 107]. Sieving is used to remove the larger particles and grit 

from the collected samples, and then the samples are subjected to oxidation to 

breakdown and remove the organic compounds [108, 109]. Normally H2O2 is used 

for oxidising the samples, but other chemicals such as alkali/acid, enzymes, ozone, 

etc. are also used for oxidation purpose [110]. Afterward, the sample is put through 

density separation.  

 

Different characterisations require different types of sample preparation techniques. 

However, the particle size and density of the samples play a key role while selecting 

the suitable analysis methods for the sample and sample preparation methods 

before analysis. Usually, in density separation, different kinds of salt solution such as 

NaCl (≤1.2 g/cm3), ZnCl2 (≤1.7 g/cm3), sodium polytungstate (≤3.2 g/cm3), NaI 

(≤1.9 g/cm3), CaCl2 (≤1.4 g/cm3), and KBr (≤1.6 g/cm3) solution are used [111, 112]. 

Selection of salt solution depends on the density of the microplastic that is going to 

be analysed. It has been estimated that the TRWPs collected from environment has 

density around 1.8 g/cm3 [25]. Some literature reported that density of tyre particles 

is around 1.2 g/cm3, and density of materials collected from the road surface is 

around 2 g/cm3. The carbon black used as filler in rubber tyre have density around 

1.8 g/cm3, and the synthetic rubber styrene-butadiene has density of roughly 0.94 - 

1.0 g/cm3. Combining these two densities, the tyre density stands around 1.1 - 1.2 

g/cm3 [113-115]. Based on these statistics it is recommended to use a salt solution 

with density ≥ 1.8 g/cm3 for tyre and road wear particle separation [30]. However, it 

reported that it is possible to achieve a satisfactory level of separation if ZnCl2 is 
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used as a salt solution in tyre and road wear particle separation [116]. Usually, the 

solution or composition used for biological sample separation are not used in tyre 

and road wear particle separation; however, there might be some ways to improve 

the level of separation. It is very challenging to separate pure rubber tyre and road 

wear particle from the field sample because the particles are complexly bonded to 

each other in the material. For heavy particles (if the samples contain high mineral 

content) with a density of more than 1.8 g/cm3, it is recommended to use sodium 

polytungstate, or NaI salt solution during separation [30].  

5.2 Microscopy Methods 

Microscopy can be classified into two categories, light, and electron microscopy.  A 

stereo type of microscopy (high-resolution microscopy) can be utilised for identifying 

the thermoplastic particles (plastic fibres, fragments, chips, film, etc.) and road 

particles (rubber and bitumen). This optical microscopy method can be combined 

with the melt test method and then to identify if the particle is thermoplastic or an 

elastomer [117]. However, visual assessment under an optical microscope can be 

used in identifying the bitumen and rubber particles.  

 

The microscopy methods used in microplastic analysis require vast sample 

preparation like density separation, oxidation, sieving, etc. It takes a lot of time to 

determine the particle number in the microscopy method [118]. If the density 

separation methods fail to effectively separate the particles during sample 

preparation, the residual sediment particles or other particles which remain with 

microplastic hinder the analysis. Besides, if organic materials are added to the 

samples during sample preparation, the analysis becomes more complicated. 

Another major drawback of the microscopy method is that the analysis method is 
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solely reliant on visual assessment which makes this method a subjective one and 

demands long microscopic experience. In the microscopy method, it has been 

recommended to practice the standard analytical protocol for standardising filtration 

and sieving, and define the particles based on size, shape, and appearance rather 

than type of plastic [108, 119]. There is a resolution limit in regular microscopy; 

usually, they can reach 1 μm. But, if the particle is colourless (tyre wear, bitumen) 

and smaller than 100 μm, then it becomes quite challenging to characterise the 

particles [117].  

5.3 Micro-spectroscopic Methods 

5.3.1 Microscopic Analysis (SEM-EDX) 

The SEMs are one of the widely and frequently used instruments for characterising 

the elemental composition, surface morphology, and conductivity of polymeric 

materials [120, 121]. There are few limitations to this approach as well, such as if the 

sample is not conductive enough, no potential difference is created between the 

sample and SEM detector. This means, non-conductive samples or samples with 

poor conductivity requires metal coating (e.g., Pt coating) before analysis. The 

example of detectors used in SEM analysis are secondary electron detector (SEI), 

and backscattering electron detector (BSE). BSE detector is usually used to 

distinguish between elements with higher atomic numbers (heavy elements) and 

lower atomic numbers (light elements). Some x-ray detectors like EDS (Energy 

Dispersive X-ray analysis) or EDX (Energy Dispersive X-ray spectroscopy) are also 

used in microplastic analysis. SEM equipped with an EDS/EDX detector can give 

information about the elemental composition of the test specimen [122].  Sommer et. 

al. [9], studied some samples having particle sizes bigger than 10 μm collected from 

different road environment. More than 500 particles and 1500 spectra were surveyed 
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to measure the elemental composition, particle size, shape, and volume of collected 

specimens from different road environments. It has been revealed that most of the 

collected specimens (more than 90% by volume) contained particles worn from 

tyres, asphalt, or brake pads. The findings of the study indicate that tyre wear 

particles contain microplastic and spread the microplastic in environment. Kreider at. 

al. [34], conducted a study where they collected the specimens from the road using a 

special collecting machine connected behind a tyre. Two vacuum cleaners with a 

power 1200 W each were connected to the machine to create a suction force to 

collect particles from the road. The tyre and road wear particles they studied were 

elongated in shape and particle size varied from 0.3 μm to 100 μm. Polukarova et al  

[123], conducted similar kind of study where they use lower suction force (sample 

was collected by Wet Dust Sampler). They reported the presence of a few black 

rubber particles with irregular shape along with elongated shape. Hassellove et al 

[124] found elongated, curled, and flake-shaped particles in similar kind of study was 

done by [34] and [123]. Wagner et. al. [105], recommended the SEM-EDX technique 

to detect trace elements (Zn, S) in tyre wear particles. However, it should be kept in 

mind that Zn and S may come in the sample from different sources like natural or 

anthropogenic activities. Particles, with sizes ranging from 10 µm to 80 µm were 

collected from roadside using a passive sampler for light microscopy and SEM-EDX 

analysis [9, 125]. The tyre wear particles in the collected samples were revealed as 

elongated, round, or kidney shaped particles, partially or fully coated with brake or 

road wear particles. The particles contain elements like carbon and sulphur 

alongside some minor elements like Zn, Si, Al, Na, Ca, K, Mg, Fe, Cu, Ti, Mo, Mn, 

Ba, Sn, and W. According to the researchers, the presence of foreign particles 
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indicates that it is not possible to identify the tyre particles via SEM-EDX as a 

standalone characterisation technique [124]. 

5.3.2 IR Spectroscopy (FTIR) 

Infrared spectroscopy (IR) is a kind of spectroscopic method that assess the 

absorbed or emitted energy from an IR source having a wavelength of 2 - 20 µm 

[126]. Atoms in molecules are chemically bonded, different bonds absorb IR of 

different wavelengths. By analysing the absorbing energy band, it is possible to 

identify the chemical atomic bonds present in the specimens [126]. Every chemical 

compound has its individual spectral line based on the atomic bonds present in the 

compound. An IR spectrum can be utilised for identifying and quantifying various 

chemical compounds [126, 127]. µ-FTIR is an advanced version of FTIR that 

measures the molecular structure of organic compounds and polymeric materials 

[126].  FTIR is a fast analytical technique where solid, liquid, and gaseous samples 

can be used for characterisation [128]. One major disadvantage of all types of FTIR 

spectroscopy methods is they need a reference library for identification of the 

material. Bonds in the chemical compounds are identified based on the IR spectra, 

then this information is used for identifying different chemical compounds present in 

the samples [126, 127]. This technique is time-consuming and needs high level of 

competence. The other limitation in FTIR analysis is depending on the material 

content, the relative intensity of the peak in the spectrum can vary, which makes the 

interpretation of the spectrum more challenging. This makes the peak identification 

of the spectrum difficult, especially when new material is characterised, because of 

the uncertainty while choosing the reference spectrum for comparison. FTIR 

spectroscopy can be adopted for quantitative analysis/measurement of specimens 

provided with proper calibration and reference spectrum/material [129, 130]. FTIR-
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ATR (attenuated total reflection) can be used for black particles (tyre and road wear) 

analysis, which completely absorbs IR light [131]. In this technique, the changes that 

occur when an internally reflected IR beam encounters the sample are measured. 

For localising the carbon black at different phases of rubber blends, this technology 

has been used [132]. This technology has also been used for determining the 

composition of carbon black containing vulcanised rubber [133]. Cabernard et al 

[134] compared the µ-FTIR with ATR and µ-Raman for analysing and quantification 

of microplastics in seawater. The Raman analysis of the specimen indicated a higher 

concentration of microplastic in the specimen. The study also revealed that, both 

techniques revealed the presence of rubber particles (10 – 500 µm size) in the 

seawater specimen.  Another study comparing µ-FTIR-ATR to pyrolysis-GC/MS  

exhibited similar consistent results [135]. However, this study didn’t encompass 

rubber material. TGA and Pyr-IR spectroscopy are also considered as potential 

analysis methods for analysing the elastomers in rubber tyre without known 

composition [136]. An alternative approach to µ-FTIR-ATR for characterising the 

TRWPs is use of diamond compression cell. This technique has exhibited excellent 

results in analysis. [137]. Simon et. al. [138], developed a technique for measuring 

the mass of microplastics having sizes 10 µm to 500 µm. The authors concluded that 

particle number and mass concentration van be used as relevant matrices for 

microplastic analysis. Identifying the type of polymers based on the assumption of 

particles’ thickness can end up creating difficulties or provide misleading information. 

Organic and other chemical compounds deposited at the surface of the microplastic 

particles create difficulties in data interpterion and identification. These studies didn’t 

cover the TRWPs, however they highlighted some of the hurdles which may arise 

during the field sample analysis which may contain TRWPs. 
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5.3.3 Raman Spectroscopy 

Raman spectroscopy utilizes a laser beam, typically with wavelength from 500 nm to 

800 nm to illuminate solid, liquid or gaseous samples using photon scattering 

phenomena, which  is called Raman scattering [139]. During this process, the photon 

energy can remain unchanged (Rayleigh scattering), increase (Stokes scattering), or 

decrease (anti-Stokes scattering) [139, 140]. Both Stokes scatterings and anti- 

Stokes scatterings are considered as Raman scattering and provide valuable 

information about the sample’s molecular structure. One significant advantage of 

Raman spectroscopy is its ability to characterise small particles as small as 1 µm. 

However, this technique also presents some challenges, particularly when analysing 

TRWP. The primary disadvantage is low signal strength, which can make detection 

and analysis difficult. Additionally, Raman spectroscopy requires intensive sample 

preparation before analysis. and Raman analysis, individually, is not regarded as a 

suitable characterisation technique. For TRWPs Raman analysis is not considered a 

standalone suitable characterisation technique, since the black particles in tyre and 

road wear can absorb the incident light within the relevant wavelength range, making 

it impossible to produce a distinct spectrum [10]. There has been research to 

improve Raman spectroscopy to get the better signal quality by using new detectors, 

spectrum management tools, automatic particle identification, and to expand the 

reference library used for identification of the spectrum [141]. Fourier transform 

Raman spectroscopy (FT-Raman) is a variation of Raman technique with laser 

wavelength close to IR regio, which can be used for analysing the rubber particles 

[142]. FT-Raman spectroscopy avoids the fluorescence issues by keeping the laser 

excitation frequency below the threshold. FT-Raman method utilises one 

interferometer to produce the interference pattern, which is known as interferogram 
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which is them converted to Raman spectrum.  ASPEx-µ-Raman (automated single-

particle exploration equipped to μ-Raman) provides quite good results for assessing 

the microplastics (10 μm – 500 μm) collected from seawater [134]. Another variation 

of Raman technique is confocal Raman spectroscopy, which incorporates an optical 

microscope to visualise the sample in high magnification during analysis, allowing for 

more precise measurements and better spatial resolution [143]. 

5.4 Gas Chromatography Mass Spectroscopy Method (GC/MS) 

5.4.1 Pyrolysis Gas Chromatography with Mass Spectrometry (Pyr-GC/MS) 

Pyr-GC/MS usually involves a rapid heating of the samples within a temperature 

range of 400 ℃ to 900 °C in an inert atmosphere to disintegrate the sample into 

small molecules. These disintegrated molecules are then separated by gas 

chromatography and detected using mass spectrometry. The thermal treatment 

breaks down the long polymeric chains into smaller molecules, which are 

subsequently detected by gas chromatography [144]. Pyr-GC/MS may require time-

consuming specimen preparation before analysis. However, Unice et. al. [145], 

carried out a study where they directly performed pyr-GC/MS on collected field 

samples, including soil and sediment, and used quantitative analysis to analyse tyre 

tread materials in the environmental matrices. In pyr-GC/MS analysis, a pyrogram is 

created that includes peaks from all the degraded materials, where each peak 

indicating a single segment. The peaks are marked and quantified using the same 

technique as traditional gas chromatography [146], where each peaks needs to be 

measured using appropriate calibration curves. Pyr-GC/MS is often practised in 

conjunction with the mass spectrometry (MS). In MS, organic compounds released 

from the GC column are bombarded with electrons under vacuum to break the 

molecules into positively charged segments [146]. Individual organic compounds 
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degrade in the same manner, resulting in a characteristic spectrum for each 

molecule. The generated ions are sorted based on their mass and charge, and then 

a MS spectrum is created. The intensity of the peaks in the MS spectrum indicates 

the relative signal strength of the ion peaks, and this intensity is not related with 

number of ions [147]. One key advantage of pyr-GC/MS is the identification of type 

of polymers and organic additive (alkyl phenol/benzaldehyde/phthalates) through a 

single analysis [146]. Lower pyrolysing temperature degrades the sample gradually 

and can produce by product at higher boiling points. Higher pyrolyzing temperature 

can disintegrate the sample into very small pieces making it challenging to 

characterise. So, it is crucial to use the optimum pyrolysis condition [147]. The 

results from pyr-GCMS can vary significantly between laboratories due to several 

factors: sample preparation, type of pyrolyser, and transformation of pyrolysis gas 

into gas chromatograph [148]. Among the most used pyrolyser, the Curie-point 

pyrolyser is particularly useful as it can characterize up to 20 mg of sample at a time. 

Despite the temperature range between 480 °C and 980 °C, the gas composition 

remains consistent. This method is fast, provides high accuracy, and aids in the 

proper quantification of compounds. The high pyrolysis temperature ensures that no 

unpyrolsed residue remains, making it ideal for field samples without intensive 

preparation [149]. In a study by Unice et al [25, 145], TRWP collected from Japan, 

the US, and France were analysed using pyr-GC/MS. The concentration of these 

particles in the collected samples varied from 25 µg per gram to 11,600 µg per gram. 

The analysis was conducted using a 20 mg sample at 670 °C in a Curie-point 

pyrolyser. Pyrolysis markers such as styrene, isoprene, dipentene, butadiene, and 

vinyl cyclohexene were detected and quantified using deuterium compounds 

incorporated in the samples as internal reference. The concentration of rubber 
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products and the concentration of TRWP within the sediments were measured based 

on the relationship of rubber in tyre and road wear particles [34]. Similarly, in a study 

done by Fischer & Scholz-Böttcher, they used pyr-GC/MS to analyse eight different 

types of plastic and found that the findings correlate with FTIR and Raman analysis 

[150]. Likewise, in another study by Käppler  [151], it was found that pyr-GC/MS can 

be a reliable complimentary analysis to µ-FTIR, where data on mass concentration 

and particle number can be measured respectively. 

5.4.2 Thermal extraction and desorption gas chromatography attached with mass 

spectroscopy (TED-GC/MS) 

In this method the sample is heated in a separate chamber to decompose into gas. 

The gases are concentrated in a sorbent and fed to gas chromatography system for 

analysis. The GC system is used to distinguish the decomposed materials and mass 

spectrometry is used to identify the materials just like in pyr-GC/MS. The main 

difference with pyr-GC/MS is TED-GC/MS uses TGA instead of pyrolysis, and the 

generated gas is concentrated in a sorbent and then the whole content fed into GC 

system. In TED-GC/MS, 100 mg of sample can be analysed at a time without any 

sample preparation [152]. For analysing the microplastics there has been several 

processes being developed. In one method, 20 mg of samples is placed in an 

aluminium crucible and TGA is performed at 600 ℃ [153]. The decomposed product 

from the thermal extraction is concentrated in a sorbent cartridge attached with 

instrument’s gas outlet. After that the sorbent cartridge is assessed via thermal 

desorption through automatic injections and cryo-focusing. Now there has been 

some development  to make the system fully automated using TED-GC/MS [154]. 

Similarly, TED-GC/MS can facilitate minimal sample preparation analysis route for 

several microplastic and TRWP [155]. Usually, 0.2 mg to 0.4 mg of samples are used 
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for analysis. In case of field samples, 10 mg to 50mg of dry samples are used. The 

analysis revealed that different markers of rubber tyre such as, antioxidants, 

vulcanisation agents, decomposed products can be identified [154]. It is also 

possible to analyse the real field samples which contain thermoplastic and different 

rubber materials [154]. One disadvantages of this method is, this technique does not 

give the number of particles and particle size or shape. However, this method can be 

used as a complement approach to FTIR and Raman techniques. 

 

 

 

Figure 3. The methods for the chemical identification, estimation, and characterization of 

microplastics. 

6 Conclusion and Discussion 

The issue of microplastic pollution, particularly from tyre and road wear particles 

(TRWP), has emerged as a significant environmental concern. TRWP, generated 
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through the interaction between vehicle tyres and road surfaces, contribute to global 

microplastic contamination. The pervasive source of pollution affects various 

environments, from urban to rural and natural settings, and poses challenges for 

both analysis and mitigation. Several factors influence their generation, including tyre 

characteristics, road surface types, vehicle characteristics, and operational 

conditions. Emission factors vary by region and are influenced by local conditions, 

vehicle types and driving habits. Countries like Japan, the UK, and Italy use different 

methodologies to estimate TRWP emissions, reflecting the complexity and variability 

of the issue. 

 

TRWP consist of a mix of rubber particles and road materials, making their analysis 

challenging. They vary in size, shape, and composition, with common elements 

including zinc, sulphur, silicon, and calcium. The particles are often elongated or 

irregularly shaped and can range from nanometres to several hundred micrometres 

in size. The mixed nature of TRWP complicates their identification and quantification, 

necessitating advanced analytical techniques such as SEM-EDX, FTIR, and Raman 

spectroscopy implemented as complimentary techniques to one another. TRWP 

contribute to both airborne and waterborne microplastic pollution. A portion of TRWP 

becomes airborne, contributing to urban air pollution, while the remainder is 

deposited on road surfaces and adjacent soils. Water runoff from roads can transport 

TRWP into waterways, with significant contributions from urban roads and areas 

lacking stormwater management systems. Seasonal factors, such as snow removal, 

also influence TRWP distribution. The main source of road-borne microplastic 

include tyre treads, road markings, and bitumen binders. Each source contributes 

diverse types of polymers and compounds influenced by abrasion and environmental 
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conditions. The composition of TRWP varies depending on the location, with urban 

areas showing higher concentrations of non-exhaust vehicle emissions. 

 

Despite advances in understanding TRWP, several challenges remain: 

• The mixed composition of TRWP complicates their analysis, and there is a 

lack of standardized methods for quantifying and characterizing these 

particles. 

• The variability of regional emission factors and estimation methods further 

complicates global assessments. 

• The long-term environmental and health impacts of TRWP remain under-

researched, particularly concerning their chemical leachates and interactions 

with living organisms. 

• The presence of carbon black in tyres can create analytical challenges doe to 

fluorescence and absorption of infrared light. 

 

To mitigate the shortcomings towards TRWP research and challenges, study needs 

to focus on following measures: 

• Developing standardized methodologies for TRWP analysis and quantification 

by creating protocols for sample collection, preparation, and analysis to 

ensure reproducibility and comparability; and developing reference materials 

and libraries for identifying TRWP in various environmental matrices. 

• Utilizing advanced spectroscopy techniques like FTIR-ATR and Raman to 

overcome challenges of carbon black, and other interfering substances, and 

combining multiple analytical techniques to provide comprehensive 

information about TRWP composition and properties.  
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• Conducting longitudinal studies to assess the long-term environmental and 

health impacts of TRWP, particularly concerning their chemical components 

and potential toxicity by establishing monitoring programs to track TRWP 

concentration and distribution; and evaluating the toxicity of TRWP on various 

organisms and ecosystems. 

• Investigating mitigation strategies such as use of alternative materials in tyres 

and road surfaces, to reduce TRWP generation, and improving design of road 

infrastructure with better stormwater management system to reduce TRWP 

runoff in waterways. 

• Encouraging collaborative efforts between researchers, policymakers, and 

industry stakeholders to address this multifaceted issue through policy 

development, implementation, and public awareness. 

 

While considerable progress has been made in understanding the generation, 

characteristics, and environmental impact of TRWP, continuous research and 

innovation are crucial to mitigate their contribution to global microplastic pollution. 

Addressing the challenges associated with TRWP requires a comprehensive 

approach that combines scientific research, technological advancements, and policy 

interventions. By focusing on standardized methodologies, advanced analytical 

techniques, longitudinal studies, mitigation strategies, and collaborative efforts, we 

cand develop effective solutions to reduce the environmental footprint of TRWP and 

protect our ecosystems. 
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