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Abstract: Transport is one of the most important sources of environmental pollution. More and more
information has shown that one of the greatest sources of emissions from transport are emissions
related to the release of microplastics from tyres. This is one of the most underestimated sources of
emissions into the environment. In this study, environmental samples are analysed for the presence
of these particles. For this purpose, optical methods and spectroscopic methods are used. Fourier
transform infrared (FTIR) spectroscopy is used to identify synthetic rubber, most likely derived from
car tyres. A complementary confocal microscopy method is used to confirm the FTIR results. The soil
samples and road dust from the areas with heavy traffic are tested. An average of 372 ± 50 fragments
per kilogram dry weight are detected in the soil samples. In the case of samples from the road, this
number is 515 ± 20 fragments per kilogram of dry matter. In the samples, most of the microplastics
come from tyres, which confirms the scientists’ assumptions about the amount of emissions in the
environment. More than 90% of the black fragments later identified as tyre-derived synthetic rubber
are found in the samples. A greater number of microplastics are found in road dust samples than
in the soil. This may be due to the direct influence of braking, which causes greater accumulation
of samples at the emission source than at a short distance into the soil. There is also a noticeable
difference in the size of the fraction. In the case of soils, a fraction below 50 µm accounts for the
majority of cases. When one analyses road dust samples, one may observe that most of the fractions
are between 50 and 200 µm. This may be due to the possibility of smaller emission particles over
longer distances and the greater degradation process that occurs in soils. The microplastics from the
road dust are less degraded than the microplastics from the soil.

Keywords: transport pollution; tyre particles; microplastics

1. Introduction

Contamination from transport has a significant impact on the environment and the
health of living organisms [1,2]. This applies to both gaseous and dust pollutants, including
microplastics. Particularly dangerous are suspended dusts (PM), which have the greatest
potential to interfere with human health [3]. The contribution of road transport to the
weight of PM is 14–25% [1,4]. The spread of PM in different areas has a significant impact,
both direct and indirect, on the state of the climate [5]. Vehicles are considered to be the
main source of transport-related contamination [6]. The contribution of road traffic to the
emission of the carbonaceous fraction in the atmospheric aerosol at the communication
and urban background stations in Kraków was reported at the level of 57% and 47%,
respectively [7]. The testing and determination of such emissions is therefore a priority
due to their toxicity. There are a number of options for testing these pollutants, ranging
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from laboratory methods to environmental measurements [8]. Significant differences
between laboratory results and actual results have led to the introduction of RDE (real-
driving emissions) [8]. EU directives require the testing of solid particles with a lower
limit > 23 nm [9]. Measurements of the particles of some engine technologies have shown
a large number of particles less than >23 nm. For this reason, it is assumed that the new
directives introduced will change the range to >10 nm. An analysis of emissions from spark
ignition direct injection (SIDI) vehicles showed the visibility of primary particles with a
size of 10 nm [8,10]. For tests conducted in real operating conditions, portable emission
measurement systems (PEMS) are used [11]. Due to the limited possibilities to reduce
these emissions, it is necessary to use multi-component off-engine exhaust after treatment
systems during the engine operating process. An important issue in enabling the reduction
of volatile particles is associated with filters, usually GPF and DPF [12].

Emissions from braking systems and tyres are often overlooked, which contribute
significantly to the overall emissions of a vehicle [13]. In order to minimise this risk,
processes have been initiated to incorporate this emission without exhaust gas into the
existing regulations, limiting overall emissions from vehicles. It is believed that through
the wear of the brakes while driving in vehicles, nanoparticles are formed; these are the
most dangerous in terms of their permeation potential. Recent studies have shown that
non-exhaust emissions are comparable to those of diesel engines and that the relative share
of brake emissions, in total for the vehicle, increases emissions due to improvements in
exhaust emission abatement technologies [5,14]. The emission of microplastics from brake
blocks varies depending on their structure. According to the research that was carried out,
low-steel (LS) brake blocks emit much higher emissions than non-steel or semi-metallic
blocks [15,16]. Braking is a key element in the release of microplastics from brake blocks.
The properties of the abrasive layer formed on the surface of the brakes play an important
role. The tribological response of brake materials is intimately related to the characteristics
of the friction layer that develop on wear surfaces during braking [15].

Tyre wear is considered to be one of the hidden main sources of micro- and nanoplas-
tics, which are often under-detected [17]. In the case of tyres, in addition to the composition
and braking process, an important role is played by the climate, tyre structure, road surface,
speed, vehicle weight and driving style [18]. It is assumed that electric vehicles, due to their
increased mass, emit more microplastic particles from the tyres. In the environment, tyres
are a source of chemicals and metals [19]. The tyres are made of natural rubber, synthetic
rubber, metals, carbon black and other compounds [20]. Due to the presence of toxic metals
in tyre dust, they were tested for this material [21]. The zinc content was dominant in the
samples. The metal content was ranked in the order of average concentrations of Zn > Cu >
Pb > Sn > Sb > Ni > Cr > As > Cd. Depending on their origin, the tested tyres differed in
the content of Ni, Zn, Sn and Sb and Cu, Cd and Pb [21]. The concentrations and isotopic
compositions of Cu and Pb in tyres showed large differences depending on the product and
manufacturer, in contrast to Zn [21]. Tyre and road particles under various conditions were
also investigated. The samples collected with the use of the suction system while driving
were compared with the particles collected during the driving simulation in the laboratory
and the tread particles from the unused tyre, cryogenically comminuted. In the first two
cases, the content of metals and other elements was examined. PAH concentrations in the
field tyre and road wear particles were 19 times higher than in the tyre tread particles and
24 times higher than in the tyre and road wear particles produced in the laboratory [22].

The emitted tyre fragments end up in the environment. In aquatic ecosystems, con-
centrations up to 179 mg L−1 in sediments flowing from rivers and up to 480 mg g−1 in
sediments flowing from the motorway were found. There is a general scarcity of informa-
tion on their levels in the aquatic environment, possibly due to a lack of availability or
inadequate detection methods [17]. Scientists report that tyre particles may account for
more than 50% of the weight of identified primary sources of microplastics in Norway.
Model studies have shown that tyre wear may be responsible for 40% by weight of the total
amount of microplastics in the rivers in Europe [23]. Environmental studies have shown
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the presence of fragments of tyre rubber in both road dust and floating particles [23]. There
is a general scarcity of information on their levels in the aquatic environment, possibly
due to a lack of availability or inadequate detection methods. The microparticle fraction
content of soils in China was mainly composed of the PP fraction, 50.5%; PE, 43.3%; and
PES, 6.1%. The abundance of microplastics was 78.00 ± 12.91 and 62.50 ± 12.97 items per
kg depending on the depth of the sample taken [24]. The content of microprine fractions
in the soils tested in Switzerland, which were exposed to high accumulation, showed the
content of 593 particles per kilogram. The fractions mainly contained PE, 88%; PP, <1%; PS,
3%; PVC, 2%; and others, 7.5% [25]. Half of them consist of an elastomer tread containing
a polymer with a mineral surface and the other half of binder encrustations [22,23,26].
These components are introduced into the environment in which they will be released.
Then, the fragments accumulate in the soil and on the roadway, and with rain they are
rinsed directly into surface waters or into the sewage system. Smaller fragments float in
the air and spread for miles with the wind [23]. The key parameters which influence the
dispersion of microplastic particles from tyres are their shape and density [23]. Identifica-
tion of single particles includes an elongated or circular shape with a variable amount of
mineral encrustation [19]. The specific gravity of rubber given by various sources is similar.
According to the US Federal Highway Administration, the specific gravity of tyre rubber
is approximately 1.15 [27]. Literature sources report that the specific gravity is between
1.17 and 1.18 [28,29]. It should be noted, however, that when the tyre comes into contact
with the road, it changes its chemical and structural composition by evaporating volatile
substances, incorporating road building materials and other dusts on it [30]. The fraction
that contains particles from the road in its structure has a density of 1.7–2.1 g/cm3. The
asphalt fraction has a density of 2.38–2.52 g/cm3. For polymer rubber tyres natural rubber
has a density of 1.15 g/cm3, and for butadiene rubber the density is 0.900 g/cm3. Styrene
butadiene rubber has a density of 0.910–0.965 g/cm3. About 85% of the particles that are
released from the tyres are larger than 50 µm in size and have a density of >1.7 g/cm3.
These are fractions that have fragments from the road and road dust embedded on their
surface. This information is also important for the separation of microplastics from envi-
ronmental samples. For particles that end up in the soil, the density may change due to
degradation [23]. The shape of the tyre wear particles varies. The emitted particles can be in
the form of both fragments and fibres. Scientific studies showed longitudinal fractions that
had mineral particles out of the way in their structure [22]. Scientific research shows that
the particles can also be irregularly shaped fragments [31]. Fibre emission from roadways
can also be caused by adding aramid to the tyre sidewall reinforcements. Variations in the
shape and elasticity have the potential to cause different kinds of effects on the organisms
consuming the particles [23].

In addition, atmospheric conditions (rainfall, wind) and the environment in which
the microplastics will be eventually located play a significant role in the migration of
microplastic particles. Rolling resistance machines or other methods were used to charac-
terise the particles from the microplastics [19,32]. However, this method does not take into
account the changes in the composition of the microplastics released from the tyres. When
identifying the fraction of tyres from environmental samples, a single particle analysis
(SPA) is performed. This is necessary due to the individual nature of each faction [19,33–35].
Typically, two estimation methods are used to quantify tyre wear. The first involves the
application of the emission factor to the vehicle per kilometre [27]. The second method is
based on estimating the degree of tyre weight loss [27].

The broad overview compares tyre emissions per capita in different countries (Figure 1).
It shows that the estimated emission masses per capita are in the range of 0.2 to
5.5 kg/year [27].
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Figure 1. The amount of wear and tear of car tyres emitted per capita per year [27].

The standardisation of microparticle emissions from tyres has not been defined. During
its lifetime of 20–50,000 km, the tyre will release into the environment about 10–30% of the
tread tyre, at least 1–2 kg [14].

There are several tyre parameters that can help minimise microplastic emissions. These
include tyre pressure, tread pattern, tyre size and wheel alignment [23]. If the tyre pressure
is too low, internal heat builds up, leading to faster tread wear [23]. The development of
airless tyres has greatly increased the possibilities of reducing rubber particle emissions.
Higher loads and speeds lead to an increased release of the plastic fraction, which decreases
with increasing tyre pressure, tread diameter and tread width [23]. Tyres tilted in the
direction of travel wear faster than correctly positioned tyres. Important parameters,
as already mentioned, are driving style, weight and the ability to accelerate vehicles.
High speeds, fast acceleration and deceleration and high cornering speeds all lead to
increased tyre wear [36]. The public should be made aware of the risk posed by the emitted
tyre particles, especially those of the smallest size. Electric cars and SUVs, which have
considerable weight, pose an important issue. Cars, which are considered zero emission,
emit huge amounts of microparticles from tyres because of their weight [23,35]. In order
to reduce the emissions of tyre fragments, access to city centres can also be restricted. As
mentioned, traffic jams, intersections and speed changes are among the key parameters
that affect emissions. All of this is intensifying in the centre of cities, especially large ones.

To identify microplastics of tyres emitted from transport, optical, spectroscopic and
gas chromatography methods are most often used. The microscopic methods that are
used include light microscopy and electron microscopy. High-resolution light microscopy
(stereoscopic microscopy) can be used to identify thermoplastic particles. Rubber and
bitumen particles can be identified by visual inspection, stretching with tweezers or by
performing melting tests [37]. For a more accurate analysis, electron microscopes are used.
They use electrons instead of lighting. They enable an analysis of much smaller particles, in-
cluding individual atoms. Scanning electron microscopy (SEM) is most commonly used for
polymeric materials [23]. The possibilities of the SEM microscope are considerable. Thanks
to it, it is possible to study the surface topography, chemical composition and conductivity
of the material [23]. Spectroscopic methods play an important role in identifying the emit-
ted tyre microplastics. For FTIR methods, the removal of biological organic materials is
an important consideration. This process is necessary due to the hydrophobic nature of
plastics, which accumulate organic fractions on their surface [38]. In the broad spectrum of
FTIR analyses, manual separation of individual particles is not required. It is possible to
test entire filters, but this is done with appropriate criteria and reference materials [23]. A
manual analysis is highly time consuming. This method can identify the presence of rubber
particles in the size range of 10–500 µm [23]. On the other hand, in the case of Raman
spectroscopic methods, a significant advantage is the ability to analyse particles with a size
as low as 1 µm [39]. A significant disadvantage is the weak signal strength and distortion,
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especially in relation to soot-filled materials. Both before the analysis and using microscopic
and spectroscopic methods, the sample preparation process is lengthy. Raman spectroscopy
is not considered an effective method of analysing tyre particles [40,41]. We combine an
optical microscope with a Raman spectrometer to visualise samples at high magnification
and to transfer the Raman analysis on the sample using a microscopic laser beam. With the
right structure, the signal is stronger. Currently, it is a promising method [42].

Other methods used to identify tyre microparticles are those related to gas chromatog-
raphy. One of them is pyrolysis-GC/MS gas. It is a time-consuming method [43]. There
are reports of the possibility of conducting tests directly in small-sized environmental sam-
ples [44]. The main advantages of pyrolysis-GC/MS gas include the ability to determine
both the polymer type and the content of various organic additives [45]. Temperature is an
important condition when performing the analysis [23]. Moreover, studies comparing the
µ-Fourier transform infrared spectroscopy with weakened total reflectance and GC/MS
pyrolysis demonstrated consistent results [46].

The aim of the research is to determine the emission of microplastics released from
communication routes, mainly in terms of the content of fragments of synthetic rubber
in environmental samples. The abundance of tyre wear particles and their distribution
in road dust and soil adjacent to roadways are analysed. Following the first description
of tyre wear particles as a potential pollutant [47] in 1978, there is still a considerable
lack of knowledge about their introduction into the environment, the release of organic
components and metals as well as the processes involved. Collected particles are complex
mixtures of compounds from tyres, brakes, parts wear and road surface. Examination
of particles present in the soil shows changes in structure and chemical composition and
provides information about potential pollutants which originate from their degradation
and fragmentation. A small number of studies have examined tyre, brake and road
wear particles in field samples [5,20,26,48,49]. In this work, a comparison of contribution,
particle size, morphology and chemical characterisation of microplastics from road dust
and the soil from a roadside site is performed. In order to examine the microplastics,
optical spectroscopic methods, including confocal and FTIR microscopy, are used. Raman
microspectroscopy is used to obtain a more complete characterisation of the morphology
and the presence of functional groups in the studied microplastics and as a method which
is complementary to the most commonly used analytical laboratory technique, which is
FTIR spectroscopy [27,37]. Both road dust and soil samples are taken into account.

2. Materials and Methods
2.1. Sampling

Hydrogen peroxide (H2O2, 30 wt.%) and calcium chloride (CaCl2, purity of 99%) were
purchased form Chempur. Deionised water was supplied by HLP5 pure water system
(Hydrolab, Straszyn, Poland). The samples were collected from the area of communication
traffic with daily traffic intensity ranging from 1000 to 20,000 vehicles per day depending
on the day of the week and time of day located in the centre of Kraków (soil samples—
50.068107 N, 19.913494 E and road dust samples—50.06809 N, 19.91347 E) (Figure 2). Soil
and road dust samples were collected in October 2020.
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Figure 2. Sampling points: soil (blue arrow), road dust (red arrow).

2.1.1. Soil

Soil sampling was performed according to the method presented in the
literature [49–52]. During this time, three samples were collected from each site. The
weight of the samples taken was different. Their weight ranged from 150 to 200 g. The sam-
ples were taken from a depth of 5 cm. The area of the collected fragment was 20 × 30 cm.
The process of collection was performed with a steel spade. The samples were stored in
glass containers and secured with aluminium foil. The soil samples were dried in a drier
under air at 60 ◦C for 24 h. In the next step, the samples were screened. This allowed the
removal of larger inorganic and organic fractions such as stones, roots and pieces of wood.
For this purpose, stainless steel sieves with a mesh size of 500 µm were used. The amount
of microplastic particles was determined in relation to the dry mass of the soil. A control
sample was also taken to eliminate the possibility of microplastic contamination from the
air. A glass bottle was opened in parallel with the soil sampling.

2.1.2. Road Dust

The samples were taken from the road with a stainless steel spatula. Road dust
samples were collected if no rain occurred within 3 days prior to the process of collection.
A control sample was also taken to eliminate the possibility of microplastic contamination
from the air. A glass bottle was opened in parallel with the soil sampling.

2.1.3. General Remarks

The samples were taken with particular care and attention. No plastic objects were
used during the collection and analysis.

2.2. Sample Processing—Separation Methods

In order to separate the plastics from the environmental samples, a density separation
was performed. The dried environmental samples were mixed with a saturated solution of
anhydrous calcium chloride solution, with a density of 1.6 g/cm3. This choice of separating
substance is due to the fact that it is cheap, easily available and non-toxic to the environment
compared to frequently used salts such as ZnCl2 or NaI [53]. The samples with saturated
solution were mixed with a ratio of 1: 5 (v/v sample: saturated solution). In the case of
soil samples, separation was carried out several times (up to 3 times) to ensure the most
accurate separation. The samples were mixed for one hour with a magnetic stirrer and then
allowed to separate by gravity. After 24 h, the upper layer with the floating pieces was
poured off and filtered through a quantitative hard filter. The filter residue was washed
with deionized water and left for further analysis. In order to eliminate the biological
substance, which is also of lower density, oxidative etching with 15% H2O2 was used. The
mixture was heated to 35 ◦C. The process lasted from 24 to 72 h, after which no biological
substance was observed in the sample. In the case of dust, the process took 24 h, and in
the case of soils, 72 h. The samples were filtered with a quantitative hard filter and then
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washed with deionised water. Such preparations were dried under atmospheric conditions.
The filters were protected with aluminium foil to avoid contamination.

2.3. Characterisation of Microplastics

The morphology of the microplastic particles from the soil samples and road dust
was initially examined with a Perkin Elmer Frontier Spotlight 150 FTIR microscope. For
this purpose, all the residue on the filter was transferred to a microscope slide. During the
analysis, microplastics were counted and classified according to the colour and shape of
the materials, including division into fibres and fragments.

Fourier transform infrared (FTIR) spectroscopy was used to record IR absorption
spectra of microplastics and to identify functional groups specific to them. For this pur-
pose, a Perkin Elmer Frontier FTIR spectrometer was applied with a MIR range, a DTGS
detector and an additional wide-range MCT detector. The FTIR spectra were measured in
the wavenumber range of 500–4000 cm−1 and averaging 64 scans per spectrum at room
temperature. The DRIFT mode was used, which is better for smaller fractions. Microplastic
particles were put on sticks covered with a layer of abrasive material strongly reflecting the
incident radiation (aluminium).

To verify and complete the results of IR spectroscopy, Raman microspectroscopy was
used. The measurements were performed with a confocal WiTec Alpha 300 R microscope
equipped with a 532 nm excitation laser beam module, a 100× air lens (Zeiss EC Epiplan-
Neofluar, NA-0.9), a UHRS 300 spectrometer (600 gratings/mm) and a highly-efficient,
thermoelectrically cooled CCD camera. The molecular spectra were collected from road
pollution particles which were placed on CaF2 glasses having a low background and dis-
tinctive strong peaks that could be easily eliminated from the microparticles spectra. The
settings of the microscope were optimised with respect to the purposes of this certain ex-
periment in order to obtain the best quality spectral data without the risk of the destruction
of the sample. The laser power on the sample was 10 mW, the integration time of spectra
was equal to 0.5 s and 20 accumulations were recorded per a single Raman spectrum.

The great advantage of the conducted research is the combination of infrared and
Raman methods. These are complementary methods.

2.4. Quality Control and Assurance

Control samples were treated in the same way as environmental ones in order to
identify the possible background contamination from plastics. Such contaminants may
include those from the laboratory (e.g., airborne fractions, contamination from the chemicals
used); therefore, to minimise the presence of contaminants, all the processes were carried
out in a fume hood. Moreover, the laboratory equipment made of plastics was not applied
and each one that was used was thoroughly cleaned (rinsed several times with deionised
water) and secured with aluminium foil or glass covers. Only cotton aprons were used in
the course of the analyses. During the instrumental analysis, casings made of aluminium
foil were used.

3. Results
3.1. Quality Control/Quality Assurance

One fibre was detected in a blank run. No fragments or fibres were detected in the
control samples. The blank fibre was characterised as non-plastic. Several fragments were
identified as non-plastic (2 fragments from soil and 1 from dust). They have been identified
as silica. They were not taken into account.

3.2. Microplastics in Soil and Dust

The average amount of microplastics in the soil samples was 515 ± 20 fragments per
kilogram of dry weight. For road dust samples, this number was 372 ± 50 per kilogram of
dry weight.
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Black fragments were dominant for each sampling source (Figure 3). In the case of
soil and road dust samples, the content of black fragments was 91%. The morphology
of the black fragments was very similar to the microplastics identified as tyre-derived
microplastics in other literature sources (Figure 4) [52,54]. The fragments found had an
elongated shape that changed when touched by the tweezers.

Figure 3. FTIR microscope imaging of microplastics extracted from (a) soil, (b) road.

Figure 4. FTIR microscope imaging of microplastics with 100 magnification. Samples extracted from
(a) road dust, (b) soil.

For both soil and dust samples, fragments were the dominant microplastic fraction
(Figure 5a). The fibres found during the analysis were very rare and similar to the values for
soil and dust samples (Figure 5b). In the case of microplastics from soil samples, fractions
below 50 µm were significantly dominant (Figure 5c). Then, there were fractions between
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50 and 100 µm. In the case of road dust samples, the dominant fractions were between 50
and 100 µm and larger microparticles had a size between 100 and 200 µm (Figure 5c).

Figure 5. The number of microplastics: (a) fragments per kg (dry weight), (b) fibres per kg (dry
weight), (c) number and size of microplastics per kg (dry weight).

In Figure 6, the representative microplastic spectra from the soil samples and road dust
are shown. The spectra were compared with the spectra of synthetic rubbers to support
the hypothesis that the black fragments came from the tyre. The intensities at 2900, 2910
and 2950 cm−1 are the repeating and characteristic bands in the spectra. They testify to the
presence of symmetrical and asymmetric stretching vibrations of methylene groups [55].
They are characterised as a substitute for black carbon derived from natural rubber tyres.
In spectra, derived from rubber, which contain methylene groups in their structure, two
separate types of stretching are distinguished. Asymmetric stretching occurs when two
bonds between C-H lengthen and the third one contracts. The second variant concerns
symmetrical stretches, in which the C-H bonds stretch and contract in three cases [56]. There
are also very wide bands in the spectra around 3300 cm−1, which testify to the presence of
hydroxyl groups. Also present in the spectra are peaks at 1458 cm−1, derived from CH2
scissor vibration, which may be derived from ethylene propylene diene monomer (EPDM)2.
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EPDM is an additive to rubbers that is used to improve quality and stability. In all spectra
of the black fragments, the spectrum was found at a wavelength of 1095 cm−1. This is
typical of the presence of C-S-C groups [57]. It has been proven that these peaks are found
in rubbers after vulcanisation and the reinforcing of elastomers. Bands at 700 and 755 cm−1

are distinguished in black microfragments from both soil and dust, which are attributed to
bending, aromatic =C-H and C=C vibrations from polystyrene [55]. There are also bands in
the vicinity of 900 cm−1 and 960 cm−1, which were attributed to vibrations of the trans –
CH=CH– group, originating from butadiene present in styrene-butadiene rubber (SBR) [55].
The analysis of microplastics from environmental samples is not easy. It is difficult to
predict how environmental conditions such as temperature, pH, sunlight, salinity of water
and soil will affect the process of degradation and leaching of various substances [57].
Research reports that the presence of microplastics in an acidic environment (pH below 3)
ensures the quick elution of organic carbon and organic substances from them [58]. Tyre
particle spectra have low permeability due to the strong adsorption of carbon added to the
tyres. This methodology is used to prevent their oxidation.

Figure 6. FTIR spectra of black fragments detected in soil and road dust samples.

Figure 7 shows the representative Raman spectra of black fragments from the envi-
ronmental samples (road dust and soil). Similarities of the functional groups present in
the spectra were noticed. The spectra were compared with the literature spectra of NR
(natural rubber), SBR and of impurities with silicon [59,60]. The peaks around 3060 cm−1

are responsible for the C–H ring stretching. The peaks around 2930 cm−1 account for CH2
asymmetric stretching. Peaks around 2900 cm−1 come from CH2 symmetric stretching.
Peaks around 1650 cm−1 are ascribed to C=C stretching. The peaks around 1600 cm−1

result from =C-H ring stretching. The peaks around 1450 cm−1 are from CH2 deformation.
The peaks at 1350 cm−1 are from CH2 deformation. The peaks present in each spectrum are
at 1300 cm−1 and are derived from =C–H in-plane deformation. The peaks at 1217 cm−1

are from =C–H in plane bending. The 1000 cm−1 peaks are from symmetric ring breathing.
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Figure 7. The typical Raman spectra of black fragments from the soil and road dust samples.

The FTIR spectroscopy enables an analysis of black carbon-rich particles that absorb
infrared light completely. Particles deposited on filters can be screened without the neces-
sity of their individual extraction. However, this requires specific criteria and reference
materials. Moreover, the FTIR spectroscopy detection limit is 20 µm. The main advantage
of Raman is that even small particles, in the 1µm size range, can be detected [35,39]. This is
significant for the characterisation of particles extracted from the soil and other secondary
sources where the processes of degradation and fragmentation were dominant. These
phenomena were observed in our study and the utilisation of Raman microspectroscopy
has enriched the characterisation of particles below 10 µm. Confocal Raman microscopy
use in conjunction with a Raman spectrometer enables high-magnification visualisation
of samples and analysis of particles [23]. Accumulation of organic materials and chemical
compounds on the microplastics such as tyre and road particles occur in different parts
of the environment. This causes difficulties with reference to the analysis of complex
field sample materials. The key significance for the proper characterisation of collected
environmental materials is associated with methods of preparation which usually require
generally time-consuming density separation and etching to remove interferences. The
research which was conducted and reported in the literature stresses the requirement of
the improvement of existing analytic methods toward more automated, faster and higher
quality methods for analysis of complex field samples. Moreover, the lack of reference
materials for an environmental matrix limits their analysis.

4. Discussion

The study analysed environmental samples for the presence of microplastic fractions.
A huge number of black fragments (91% from the soil and the road dust) were found in
all samples, which were defined as synthetic materials derived from vehicle tyres. Both
the FTIR and Raman spectra confirm the presence of the most characteristic functional
groups and admixtures used in tyres. The vast majority of the separated microplastic
fractions were fragments (94% from soil samples, 97% from the road dust samples). A
greater number of microplastics is found in road dust samples than in the soil. This may be
due to the direct influence of braking, which causes greater accumulation of samples at the
emission source than at a short distance in the soil. There is also a noticeable difference in
the size of the fraction. In the case of soils, a fraction below 50 µm accounts for the majority
of cases. When one analyses road dust samples, one may observe that most of the fractions
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are between 50 and 200 µm. This may be due to the possibility of smaller emission particles
over longer distances and the greater degradation process that occurs in soils. Considering
the presence of road runoffs and street washing, it can be assumed that the emission of
tyre fragments in the dust from a road poses a very high risk, which is emitted directly
to the sewage treatment plant and then to the reservoirs. The degradation processes of
microplastics run downstream to the water ecosystem. It should be emphasised that both in
soil samples and road dust samples over 90%, which occur in the soil, are a source of high
pollution through the release of toxins into the soil and with it into groundwater and surface
run-off. The study of samples from the terrestrial environment is a big gap in the world
of science, where most research concerns samples from the aquatic environment. Another
big gap in knowledge is the influence of the environment in which microplastics are found
and the influence of separation methods, especially matrix etching, on its degradation.
The degradation processes of microplastics run downstream to the water ecosystem. The
research confirms that communication routes are an important source of the emission
of microplastics into the environment. The advantage of the conducted research is the
combination of infrared and Raman methods. These are complementary methods. The
limitation of the conducted analysis may be the time-consuming nature of the separation
processes of tyre microplastics from environmental samples. A low percentage oxidant
concentration was used during the analysis. This was due to the conduct of tests which
showed that 30% concentration of hydrogen peroxide destroys and discolours rubber
microparticles, which can significantly affect the identification. Moreover, it was difficult to
analyse the smallest particles below 10 µm which are the most harmful in terms of health.
The main problems of microplastics’ analysis include the lack of standardization and the
reference unit of the obtained results, which would allow the comparison of the obtained
results between researchers. In the future, it is planned to deepen the analysis of samples
for the presence of microplastics in tyres, including in Total Suspended Particles.
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Abbreviations

DPF Diesel particulate matter
EPDM Ethylene Propylene Diene Monomer
GPF Gasoline Particulate Filter
PAH Polycyclic aromatic hydrocarbon
PEMS Portable emission measurement systems
PM Particulate matter
RDE real-driving emissions
SBR Styrene-Butadiene Rubber
SIDI spark ignition direct injection
SPA single particle analysis
NR natural rubber
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