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Abstract

The study is aimed to assess the composition and properties of solid material
supply to the environment from vehicles. The study was conducted in the area of
an ice race track located on the surface of a lake located at a significant distance
from the stationary sources of pollution. The sampling was conducted on
February 27, 2019. The samples of snow cover and ice were collected at the
roadside of the track and at a distance of > 10 m from the ice race track in the
winter period. The ice race track was located on Lake Baltym (north of
Ekaterinburg, Sverdlovsk region, Russia). The samples of snow were melted.
The solid material of the samples was separated with filter paper and dried. The
particles were selected manually and photographed using an optical microscope,
and then they were analyzed with a scanning electron microscope. The origin of
the selected particles was determined. The particles were classified into three
types:

– fragments of car tires (5 particles per 1 L of meltwater in the curb area of the ice
race track),

– fragments of cast-iron brake discs (2 particles per 1 L of meltwater),
– fragments of a composite material of car brake pads.

The approximate amount of solid material supply to the lake from the ice race track
during one season was estimated at the level of 40 mg/L.
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1 Introduction

In recent decades, road transport has become the main source of urban pollution
(Bucko et al. 2013). Road transport produces not only emissions but also mineral
materials and solid particles, which are the products of corrosion and abrasion of
tires, brake pads and other car parts (Pant and Harrison 2013). Heavy metals, road
paint particles and mineral materials also enter the road sediments when abrading
the road surface (Grant 2015; Lanzerstorfer 2018). The pollution supply from
automobiles occurs all year round. In the winter season, snow cover and snow-dirt
sludge on the roads accumulate pollutants from automobile traffic (Adamiec et al.
2013; Shi et al. 2014; Seleznev et al 2019).

Water and bottom sediments of the surface water bodies, which the city has in
the catchment, are geochemically transformed as a result of pollution intake.
Components of aquatic ecosystems are the ultimate depot for transporting pollution
from non-point sources (Chen et al. 2018). The ecological state of water bodies
depends on a complex of natural and anthropogenic factors when pollutants enter
the water body with a material of various origins. Several authors categorize the
main types of technogenic particles found in urban areas (Bucko et al. 2013;
Seleznev et al. 2020). However, the great diversity of automobile materials used
makes it difficult to distinguish between vehicle wear products. Friction materials of
automobile brake systems are usually made from natural mineral raw materials
(zircon, antimonite, aluminosilicates). Therefore, the assessment of pollution supply
from vehicles in a large city is a very difficult and often impossible task.

The study was aimed to assess the composition and properties of material
entering the environment during the exploitation of road transport. A special area,
in which cars were the only main source of pollution, was chosen. The selected
zone was characterized by the absence of material supply of natural origin, and the
pollution of the study area from stationary sources was negligible. Such an area was
represented by the surface of a lake, on which an ice race track was constructed in
the winter period.

2 Materials and Methods

The ice race track is located on Lake Baltym (Sverdlovsk region, Russia; coordi-
nates: 57.026608° N, 60.580374° E). The track has been functioning regularly in
winters since 2008 (Fig. 1, (https://www.google.ru/maps/@57.043446,60.581969,
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3a,90y,3.88h,30.83t/data=!3m8!1e1!3m6!1sAF1QipNXQkxg3B5dLnB-tuH5gF64
OMmnd5zgaAuapyv7!2e10!3e11!6shttps:%2F%2Flh5.googleusercontent.com%
2Fp%2FAF1QipNXQkxg3B5dLnB-tuH5gF64OMmnd5zgaAuapyv7%3Dw203-
h100-k-no-pi-0-ya69.65704-ro-0-fo100!7i12000!8i6000?hl=ru)). All cars undergo
technical inspection andwheel washing before entering the race track. Lake Baltym is
located north of Ekaterinburg, the city with the population of approximately 1.5
million people. The lake has a saucer shape, stretched from north to south. The surface
area of the lake is 7.5 km2, the catchment area is 27 km2. Lake Baltym has a suffi-
ciently large water mass of over 20∙106 m3. The average depth of the lake is 3–4 m,
themax is 6.5 m. The bottom topography is relativelyflatwith a decrease to the center.
The pitfalls are located on the east and west coast. The bottom of the lake is silt with
sandy areas on the eastern side (Nikolaenko 1965).

The samples of snow and crushed ice were collected by the following scheme:

– The samples were collected at 6 sampling sites located at the roadside of the ice
race track. At one sampling site, two combined samples of snow and crushed ice
were taken from the external (1) and internal (2) curbs relatively to the turn of
the route. Snow was taken by a scoop; crushed ice was swept from the surface
with a brush.

– One combined sample of snow and crushed ice was collected from the surface of
a circular drift track along the entire length.

– Three sampling sites were located at the distance of > 10 m from the ice race
track along the entire route. The full height of the undisturbed snow core was
taken by a shovel from one site. The snow depth was < 1 m.

The volume of each sample collected at the roadside area and the circular drift
track was 100 mL. The volume of the sample of the undisturbed snow core was
5 L. The coordinates of sampling sites are presented in Table 1. Examples of
sampling are shown in Fig. 2.

Fig. 1 The ice race track on Lake Baltym (Sverdlovsk region, Russia), view from the
quadrocopter; a two drift tracks (round and ellipse shape) and forest on the east lakeshore, b the
entire ice race track
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Table 1 Characteristics of the studied sampling sites (coordinates and location), the volume of
meltwater, and the amount of large and small particles in 10 collected samples of snow and ice in
the area of Baltym ice race track

Sample
number

Coordinates (N/E) Sampling site Volume of
meltwater,
ml

Number of
particles >
1 mm size

Number of
particles <
1 mm size

1 57.046514°/60.579201° Roadside, external curb 58 4 Large
number

2 57.04604°/60.57950° Roadside, external curb 60 7 Insignificant

3 57.04637°/60.57527° Roadside, external curb 54 2 Insignificant

4 57.04384°/60.57720° Roadside, external curb 60 4 Not found

4/2 57.04384°/60.57720° Roadside, internal curb 51 0 Not found

5 57.044521°/60.576457° Roadside, external curb 50 2 Large
number

5/2 57.044521°/60.576457° Roadside, internal curb 55 0 Not found

6 57.044633°/60.575203° Roadside, external curb 55 2 Not found

6/2 57.044633°/60.575203° Roadside, internal curb 45 0 Insignificant

7 57.045393°/60.583619° Drift track 68 5 Large
number

Fig. 2 Examples of snow and crushed ice sampling in the area of Baltym ice race track: a samples
of undisturbed snow in 5 l buckets, b sampling at the roadside, c sampling of the undisturbed snow
cover
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The collected samples of snow and crushed ice were melted at room tempera-
ture. The solid material of the samples was separated with filter paper and dried.
The number of solid particles > 1 mm (large) and < 1 mm (small) in size was
calculated in each sample using a binocular microscope. Then single visually
typical particles were selected manually and photographed using a Carl Zeiss
Axioplan 2 optical microscope equipped with an Olympus C-5060 digital camera.
The selected particles were analyzed using a JSM-6390LV scanning electron
microscope (SEM) at the Geoanalyst Common Use Center of the Ural Branch of
RAS (www.geoanalyst.igg.uran.ru). The images of particles in secondary-scattered
electrons and the chemical composition of particles were obtained.

3 Results and Discussion

The sampling was conducted on February 27, 2019. Sixteen samples of snow and
ice were collected. All samples from the external curbs of the track contained solid
particles of various sizes, including 4–12 large particles per 100 mL of meltwater.
Large particles were not found in the samples from the internal curbs of the track;
those samples contained a small number of particles < 1 mm in size. The snow
samples collected at the sites of undisturbed snow did not have solid particles. The
particles from 10 samples were analyzed using SEM. The distribution of particles of
various sizes in 10 collected samples is presented in Table 1.

The solid particles found in the analyzed samples could be divided into several
types. The 1st type of particles are large particles of long cylindrical shape, black,
with a matte surface, elastic, 20 � 2 � 2 mm in size. The photo from the optical
microscope is shown in Fig. 3. The chemical composition of this particle is given in
Table 2.

Fig. 3 The 1st type particle
is a large particle of long
cylindrical shape (optical
microscope image)
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The surface of this type of particle contains small fragments of metallic Fe and
Cr (Fig. 4). The chemical composition of the fragments of metallic Fe and Cr on the
surface of the 1st type particle is shown in Table 3.

The 2nd type of particles is represented by large particles of irregular shape and
dark gray color, 0.5 � 0.4 � 0.3 mm in size, with strong metallic luster and high
hardness. Fe predominates in the composition of the 2nd type particles; Zn and Mn
are partially oxidized impurities. The photo of the 2nd type of particle from SEM is
shown in Fig. 5, the chemical composition is presented in Table 4.

The 3rd type particles are fine mineral particles < 15 lm in size, consisting of
clay minerals, and including fragments of brass, zirconium silicate, iron sulfide,
hydromica, alloys of Fe with Ti and V. The fine mineral material was found in all
10 analyzed samples. The particles of the 3rd type in Sample 1 are shown in Fig. 6.
The elemental composition of the fine mineral material in Sample 1 is presented in

Table 2 Chemical
composition of the 1st type
particle (the particle from
Fig. 3) in two points
according to SEM-EDS
analysis

Point Element, wt% Total, wt%

C Si S

26 86.04 11.46 1.94 99.44

42 87.44 10.08 1.48 99.00

Table 3 Chemical
composition of inclusions on
the surface of the 1st type
particle according to
SEM-EDS analysis of the
particle from Fig. 4

Point Element, wt% Total, wt%

Cr Fe

40 98.42 0.00 98.42

27 0.00 100.00 100.00

Fig. 4 The fragments of metallic Fe and Cr on the surface of the 1st type particle of long
cylindrical shape (SEM image)
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Fig. 5 The 2nd type particle
of irregular shape and dark
gray color (SEM image)

Table 4 Chemical
composition of the 2nd type
particle (from Fig. 5)
according to SEM-EDS
analysis

Point Element, wt% Total, wt%

Mn Fe Zn

36 3.99 90.81 3.97 98.77

Fig. 6 Fine mineral
particles < 15 lm in size
(SEM image)
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Table 5: particles of zirconium silicate (spectrum 23), iron sulfide (spectrum 22),
and hydromica (spectra 19 and 24). Fragments of the Fe alloy with Ti and V are
also observed in the sample (spectrum 21). The total content of the components is
less than 100%, taking into account the error of the device due to particle size.

One sample of snow and ice had a thin oil film of dark color after melting.
The SEM photo and its elemental composition are presented in Fig. 7 and Table 6,
respectively. The film contained the small particles of stainless steel with charac-
teristic proportions of Fe, Cr, and Ni (spectra 16 and 17, Table 6). Spectrum 16 is
also characterized by particles with a composition similar to the 1st type of parti-
cles. Spectrum 18 is represented by iron sulfide. Sections 14 and 15 characterize the
overall chemical composition of the oil film.

The methods of visual analysis and SEM allow the origin of the studied particles
to be determined with great accuracy. The operator defines the form, color, and
other characteristics of the particles by the visual inspection. The SEM and EDS
analyses allow the surface morphology, chemical composition of particles, and
elemental composition of mixtures to be obtained. Based on all the data collected,
the particles are classified into three main types (Grigoratos and Martini 2015;
Kukutschová et al. 2011; Chen et al. 2012; Mosleh et al. 2004).

Fig. 7 A thin oil film (SEM
image)

Table 5 Chemical composition of the fine mineral particles from Fig. 6 according to SEM-EDS
analysis

Point Element, wt% Total, wt%

Mg Al Si S K Ca Ti V Fe Zr

19 12.05 15.75 40.60 0.00 9.99 0.00 2.12 0.00 19.03 0.00 99.54

21 0.00 0.00 0.00 0.00 0.00 0.00 2.83 1.32 87.61 0.00 91.76

22 0.00 0.00 0.00 52.90 0.00 0.00 0.00 0.00 42.26 0.00 95.16

23 0.00 5.95 39.82 0.00 0.00 1.38 0.00 0.00 0.00 50.50 97.65

24 8.83 13.58 59.20 0.00 0.73 6.91 0.00 0.00 7.58 0.00 96.83
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The 1st type may be classified as fragments of car tires. Iron, nickel and chro-
mium and other metal inclusions, chemical compounds of carbon (soot), silicon and
sulfur and metals were found on the surface of the particles. The amount of such
type of particles was 5 particles per 1 L of meltwater for the external curb area of
the ice race track.

The 2nd type of particles is represented by the fragments of the car brake system
(cast-iron brake discs); its amount was about 2 particles per 1 L of melt water.

The 3rd type (mineral material) may be related to both fragments of a composite
material of car brake pads. These materials were found in all samples taken on the
internal and external parts of curbs. Lubricant leak was detected only in one sample
of snow and ice.

The content of large particles > 1 mm in size varies from 40 to 120 particles per
1 L of meltwater in the samples from the external curbs of the ice track. Taking the
mass of one large particle for about 1 mg, the amount of solid material supply
during one season will be more than 40 mg/L. The long-term supply of anthro-
pogenic material from the ice race track to the lake water and bottom sediment is
assessed at the level of > 1 g/L of meltwater (from snow and ice on route). Such
supply of anthropogenic particles is similar to the supply of the urban surface
sediments deposited during one year (Seleznev et al. 2019).

4 Conclusion

The study conducted in the area of the ice race track has shown that wear of brake
pads, brake discs and tires is the main source of solid particles from vehicles
entering the environment. The solid material does not exceed 10 m from the race
track. The long-term functioning of the ice race track may result in a significant
accumulation of the wear fragments of car parts containing heavy metals in the
bottom sediments of Lake Baltym and a negative impact on its water inhabitants.

Acknowledgements The reported study was funded by Russian Science Foundation (grant
18-77-10024).

Table 6 Chemical composition of the oil film from Fig. 7 according to SEM-EDS analysis

Point Element, wt% Total, wt%

C Na Mg Al Si S K Ca Cr Fe Ni

14 0.00 2.18 6.77 11.78 47.43 3.27 1.01 19.29 0.00 7.83 0.00 99.55

15 0.00 0.00 5.10 6.43 23.78 18.14 1.12 34.53 0.00 8.97 0.00 98.07

16 57.44 0.00 0.00 0.00 1.19 0.50 0.00 0.00 5.54 33.84 0.28 100.00

17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.23 82.07 0.00 100.00

18 0.00 0.00 0.00 0.00 0.00 70.78 0.00 0.00 0.00 29.22 0.00 100.00
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