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both sides of the Moscow-Tambo-Astrakhan Caspian Highway by the end of the winter season.
The analysis of the samples indicated the presence of 35 distinct chemical elements, where Al,
Ba, Ca, Fe, K, Mg, Na, and Zn were identified as the primary contaminants. The primary area of
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INTRODUCTION

Suvetha et al. (2022) and Vlasov et al. (2023) posit that road dust comprised of solid particles
that are generated through mechanical processes, including but not limited to soil erosion and
deflation, transportation infrastructure and vehicle wear, trash crushing, de-icing agent (DIA)
residues, and atmospheric particulates. Studies conducted by Huo et al. (2023) and Han et
al. (2023) identified automobile-generated road dust as a significant contributor to particulate
matter (PM) in urban environments. Oyewumi et al. (2022) and Jalali et al. (2022) reported
that the existence of traffic dust poses a challenge to the surveillance of the environment and
geochemistry of major urban centers across the globe.

Dust serves as a crucial environmental indicator for the presence of metal contamination
resulting from atmospheric deposition. Air pollution can originate from diverse stationary
and mobile sources, including but not limited to vehicular traffic, industrial operations, power
generation facilities, residential combustion of fossil fuels, waste disposal through incineration,
construction and demolition activities, and the re-suspension of soil that is contaminated
(Krasovitov et al., 2021; Xu-Yang et al., 2022; and Pozhitkov et al., 2021). The studies
conducted by Gongalves et al. (2021) and Hernandez- Terrones et al. (2021) are relevant to
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the topic at hand. The chemical composition of highway dust is intricate and results from the
interplay of various solid, liquid, and gaseous constituents originating from diverse sources and
activities. The prevalence of automobiles in contemporary society has resulted in an increase in
the presence of dust on highways. Additionally, Forastiere et al. (2021), Yu et al. (2022), and Le
Vern et al. (2022) suggested that road surfaces and controllable automobile emissions may be
blamed for the buildup of dust.

Per the findings of to Chang et al. (2023) and Alshetty and Nagenda (2022), the re-suspension
of road dust in the atmosphere results in the emission of significant amounts of trace metals.
This is due to the fact that road dust is not persistent and can be easily re-suspended in the air.
According to Sun et al. (2020) and Zhou et al. (2023), road dust is a multifaceted combination
of particles and contaminants that originate from diverse urban and industrial sources and
procedures. The composition of road dust renders it a viable indicator of the extent and
distribution of metallic contamination in the surface ecosystem. Per the to recent studies
conducted by Aguilar et al. (2021) and Svédova et al. (2020), road dust has been found to
contain a diverse range of contaminants, including dead skin, pollen, hair, textile, paper fibers,
soil minerals, cosmic dust particles, and various metals that are present in the surrounding
environment. Empirical evidence has demonstrated that metallic residues present in road dust
originate from urban areas, industrial facilities, and transportation sources. Airborne dust
comprises of soil particles that remain suspended in the atmosphere in regions with sparse
vegetation, and arid soil that are susceptible to erosion, and high-velocity winds.

The presence of road dust in urban areas is indicative of the level of pollution, as the particles
it contains are known to harbor various contaminants such as heavy metals and metalloids
(Alshetty and Nagenda, 2022). Road dust has the potential to cause secondary pollution in the
surrounding air and ground adjacent to roadways. According to Zong et al. (2023) and Islam et
al. (2023), air pollution exacerbates particulate deposition in urban areas, leading to a decline
in air quality and visibility. According to Yao et al. (2022) and Dimitropoulou et al. (2022),
naturally occurring aerosols in the lower troposphere that contribute to cooling comprised
of more than 50% dust particles. The study conducted by Hill et al. (2023) revealed that the
interaction between airborne dust and liquid or ice clouds can significantly alter their physical
characteristics, including their appearance, longevity, and precipitation patterns. The health
of individuals is increasingly vulnerable to particulate matter present in the atmosphere, such
as dust originating from geologic sources. In recent years, there has been a surge in interest
regarding the impact of dust on human health due to the strong correlations that have been
observed between this type of pollution and respiratory disorders. Studies by Onishi et al. (2022),
Al-Jashami and Khudair (2022), and Jasim et al. (2022) are just few that have documented this
phenomenon.

Although the metal concentrations in soils adjacent to roads were found to be higher than
their respective natural background levels, they were generally observed to be below the “critical
trigger concentrations” for contaminated soils, as reported by Mabood et al. (2021); and Dytow
and Gorka-Kostrubiec (2021). The further the distance from the road, the greater the decrease
in the concentration of metallic components in the soil. The studies conducted by Koju et al.
(2022) and Sarhan et al. (2021) have revealed that the levels of heavy metals concentrations
in plant exhibit a negative correlation with their proximity to major roads. Specifically, as the
distance between the plants and the road increases, the concentration of heavy metals in the
plant decreases.

Despite the existence of several studies on the correlation between dust, metal concentration
in dust, and proximity, further investigation is required to gain a comprehensive comprehension
of the primary metals present in road dust and their connection with distance. The article
discusses the findings of research that examined the concentration of metals present in the
spring snow cover at varying distances from the roadside.
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MATERIALS AND METHODS

Gritchino, near Kashira, was chosen as the test site for a number of different reasons, such
as traffic intensity along the Caspian Highway (Moscow-Tambov-Astrakhan) (Figure 1), . With
the intensity of traffic on the road increasing more than five (5) times since its completion in
1983, the number of cars on it had climbed to more than thirty thousand in 2020. (Pospelov et
al., 2021; Kirilina et al., 2022). It is located at 54° 36’ 15” North and 38° 6’ 20 East. It has a
mild continental climate with warm summers and chilly winters, with prominent west-southern
winds (Vasil’ev, 2021; Sidorenkov, 2021). According to Kashira meteorological monitoring
stations, the dominant wind direction during the winter of 2021-2022 was southwest as shown
in (Figure 3). The testsite is flanked with arable land on both sides of the route, with the average
February temperature of -10°C. The test location is located on a modest slope of a hill with a
western aspect (Figure 2).

Snow samples were collected at a distance of 30—190 m from both sides of the Caspian
Highway (Moscow—Tambo—Astrakhan) at the end of winter 2021-2022. (22.02.2022). The
position of the sample spots was calculated using UAV parameters obtained throughout the
sampling campaign, with an error of less than 10 cm. A total of 18 mixed samples (three samples
were mixed at each test point) were collected using a snow collection tube 1 m long and 10 cm
in diameter, as illustrated in Figure 1. Each sample’s snow depth was measured. The samples
were subsequently taken to Moscow’s V.V. Dokuchaev Soil Science Institute for processing and
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Fig. 1. Location of the study area (based on UAV data), test points (in red), and collected samples in sealed buckets
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Fig. 2. Relief elevation profile from the most western point to the most eastern point (black arrows indicate sam-
pling points, black square-place of the road) (based on UAV data)
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Fig. 3. The daily range of reported wind speeds (gray bars), with maximum gust speeds (red ticks).

chemical analysis. Once 90% of the sample had melted, it was de-iced at room temperature and
chilled to finish the melting process. After that, the samples were put through polycarbonate
filters with 0.45- pm pores and a 47-mm diameter to separate the water from the particles
so they could be analyzed using inductively coupled plasma optical emission spectroscopy
(Agilent 5800, ICP-OES). Nitric acid was used to digest the dust into a solution that was then
injected into the plasma. This is done to bring the entire dissolved solid concentration into
the instrument’s operating range, lowering the detection limit of the technique. To allow any
reaction gasses to escape, 2 mL of strong nitric acid reagent was applied to the samples and
allowed to stand for 10 minutes (Rocha et al., 2022).

The samples were then treated with 6 mL of concentrated hydrochloric acid (SG 1.18) for
another 10 minutes. To keep from making it very hard to dissolve chloride salts, nitric acid was
added first, then hydrochloric acid, and finally hydrofluoric acid. The samples were then heated
using EPA Procedure 3051 in a Milestone Ethos microwave system. The samples were then
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heated to 175 °C for 10 minutes and kept between 170 °C and 180 °C for another 10 minutes
following a microwave digestion procedure and 5 minutes of cooling. The sample containers
were transferred into a fume closet to achieve room temperature. To achieve a homogenous
sample, the volume of the digests was increased with distilled water and then forcefully shaken
in 100-ml volumetric flasks. The samples were allowed to settle overnight to remove any
suspended solids (Rocha et al., 2022). A total of 35 chemical elements (metals) were identified.

License-compliant Stata Standard Edition software for Windows 64-bit x86-64 was utilized
for statistical analysis. A correlation analysis was performed to determine the nature of the
relationship and the significance level between metal concentrations in dust particles and
distance. The bilateral correlation coefficients for specified metal levels in water dust, and snow
were calculated.

RESULTS AND DISCUSSION

Tables 3-5 present the distribution of metals in the entirety of water from dust particles obtained
from the snow layer per square meter subsequent to calculation. Based on the results of this
study, the dust samples exhibited low concentrations of Cd, Eu, Gd, Ho, Pb, Tb, Tm, and Yb.
Aluminum, calcium, magnesium, sodium, iron, barium, and phosphorus were among the most
prevalent metals. The high concentrations observed at the sampling locations in close proximity
to the road facilitate the differentiation of nearly all metals that exhibited detectable levels in the
dust. The distribution pattern of different metals in dust particle dispersion exhibits variations
with distance, as inferred from the results of visual analysis.

As per the findings of the Pan American Health Organization and the World Health
Organization in 2011, inhalation of dust particles with a diameter of less than 10 micrometers can
results in their lodging in the respiratory system. Particulate matter with a diameter of less than
2.5 micrometers is considered the most hazardous to human health due to its ability to penetrate
deeply into the respiratory system. The study reveals that a proportion of approximately 9%
of the overall particle size was observed to range between 15.4 pm and 40.3 um, whereas the
remaining 91% of particles were found to be below 2 pum, indicating a significantly elevated
health risk. The concentration levels of metal elements detected in water, dust particles, and
snow were found to be within the permissible limits set by the PAHO/WHO, indicating that
there is no significant risk to human health.

Dust particles often exhibit variations in size and chemical composition. Particles of smaller
size that are capable of traversing longer distances exhibit a distinct composition in comparison
to larger particles that tend to settle in close proximity to the road. This corroborates analogous
discoveries were made by other authors, namely Cheng et al. (2023) and Tang et al. (2023).
The chemical composition of the dust on the leeward side of the road (located at the east of
the roadbed) was observed to be comparatively higher. This finding suggests that the direction
of the wind affects the movement of dust particles from the road. Despite their proximity,
a significant inverse correlation was observed between the metal content of the dust and its
longitudinal position relative to the road. Tables 1 and 2 present the correlation coefficients for
points situated in the eastern and western regions, respectively.

By way of comparison, the correlation coefficients pertaining to points situated on the eastern
side of the road exhibited greater magnitudes than those corresponding to points located on the
western side. The aforementioned phenomenon may be elucidated by conducting a functional
evaluation of the road with regards to the dispersion of metallic elements, particularly on the
side of the road that is sheltered from the wind (i.e., the eastern side).

Table 4 presents a comprehensive overview of the types of metals present in snow
water, devoid of any dust, along with their corresponding physical characteristics. The
aforementioned phenomenon is attributed to the impact of said content of both the number
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Table 1. Correlation matrix between distance and metal elements in the dust the at east

Metal Coefficients
Al -0.72%**
Ba -0.64**
Ca -0.77**
Fe -0.81%*%*
K -0.77**
Mg -0.79%**
Na -0.78**
Zn -0.84%**

*ak *x and * Indicates 1%, 5% and 10% level of significance respectively

Table 2. Correlation matrix between distance and metal elements in the dust the at west

Metal Coefficients
Al -0.72%*
Ba -0.50**
Ca -0.56%**
Fe -0.69**

K -0.63**
Mg -0.71%%*
Na -0.70**
Zn 0.06

wA% % and * Indicates 1%, 5,% and 10% level of significance respectively

of particles present in the snow and their level of solubility. The dissolution rate of metals
originating from dust particles found in snow water is accelerated. It is possible that dust
particles, which were smaller than the pores of the filter, may have penetrated the water, thereby
contributing to its elevated concentrations. While infrequent, the particles have the potential to
augment the metallic composition of thawed glacial water. The majority of the content in the
solution pertains to the background values and is independent of the roadway’s proximity. Al,
Ba, Ca, Fe, K, Mg, Na, and Zn were the only elements to show this dependence. The value of
the eastern side of the road is comparatively higher than that of the western side. Nevertheless,
the degree of manifestation of this trend is comparatively less significant in relation to the metal
content observed in dust particles.

The present study conducted a correlation analysis of metal content in meltwater with
distance from the road to the east. The results indicate statistically significant correlations for
Al (r =-0.70, p = 0.050), Ba (r = -0.63, p = 0.050), Ca (r = -0.65, p = 0.050), Fe (r = -0.71,
p=0.001), K (r=-0.82, p=0.001), Mg (r =-0.92, p=0.001), and Na (r =-0.84, p = 0.001).

The correlation between metal content and sample points located on the west side of the
road is comparatively lower, specifically on the windward side. The variables Al, Ca, Mg,
and Na exhibited a statistically significant negative correlation with distance, with correlation
coefficients of -0.64, -0.40, -0.64, and -0.75, respectively. The p-values for all four correlations
were 0.050, except for Na, which had a p-value of 0.001. The tabular data indicated that the
metal content remained constant despite an increase in dissolved dust particles in the melted
samples.

However, there was a slight modification in the distribution pattern, as depicted in Table 4.
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Table 3. Metals content in dust from snow sample (Lg/m?2)

Distance from the road (m) and point code

Metal _ 190 170 150 130 110 90 70 50 30 0 30 50 70 90 110 130 150 170 190
A 8W W [ SW 4w 3w 2W W 1E 2E 3E 4E SE 6E 7E S8E 9E

Al 0.2 0.2 0.4 0.5 1.1 1.8 2.8 3.6 9.5 108.6 532 227 185 6.8 13.6 1.4 34 10
Ba <0.1 0.1 0.1 0.3 0.1 0.2 0.9 33 0.8 87.5 6.1 144 1.1 2.1 0.8 0.2 02 0.1
Ca 1.1 0.6 1.0 1.0 2.6 4.4 6.4 7.6 24.1 187.7 733 187 22,6 105 63 1.2 19 12
Fe 0.8 0.5 1.1 2.0 2.8 5.0 72 12.5 253 2329 1103 524 435 177 179 3.0 49 24
K 0.1 0.1 0.4 0.2 0.4 0.9 1.2 22 5.8 37.4 15.2 6.9 6.3 2.1 3.1 0.4 07 03
Mg 0.2 0.2 0.3 0.3 0.7 1.2 1.8 24 5.7 68.8 306 108 102 42 3.6 0.6 1.0 05
Na <0.1 0.1 0.2 0.1 0.1 0.4 0.7 2.0 4.0 22.9 6.0 4.9 1.6 1.2 0.7 0.1 02 0.1
Zn <0.1 <0.1 <0.1 0.1 0.1 0.1 0.1 0.2 0.2 1.8 0.9 0.5 0.3 0.2 0.1 <0.1 <0.1 <0.1

Table 4. Metals content in water from snow sample (pLg/m2)

Distance from the road (m) and point code

Metal _ 190 170 150 130 110 90 70 50 30 0 30 50 70 90 110 130 150 170 190
oW 8W W [ SW 4W 3w 2W IW 1E 2E 3E 4E SE 6E 7E 8E 9E
Al <10 <10 <10 <10 <10 <10 99 <10 136 490 415 90 83 31 164 84 117 47
Ba <10 <10 <10 <10 <10 <10 <10 <10 <10 35 91 91 <10 <10 <10 <10 <10 <10
Ca 1482 1268 1732 1100 1337 1203 1724 1360 2196 2687 8246 1685 1610 1012 1364 936 884 803
Fe 59 62 59 66 62 58 68 53 68 482 371 51 52 45 47 45 53 47
K 335 509 844 380 887 702 479 939 503 1432 710 1074 666 375 415 316 278 246
Mg 305 290 318 258 270 299 335 374 500 373 570 419 323 238 305 197 205 161
Na 207 437 1783 727 838 1727 958 1842 3060 3334 2334 1798 1806 763 937 723 927 616
Zn 71 53 30 63 93 6 15 37 7 57 34 5 31 29 25 95 32 5

Table 5. Metals content in snow sample (dust+water) (ng/m2)

Distance from the road (m) and point code

Metal _ 190 170 150 130 110 90 70 50 30 0 30 50 70 90 110 130 150 170 190
IW__ 8W T™W 6W SW 4W 3w 2W 1w 1E 2E 3E 4E 5E 6E 7E S8E 9E

Al <10 <10 <10 <10 <10 <10 102 <10 145 599 468 113 101 38 178 85 120 48
Ba <10 <10 <10 <10 <10 <10 <10 <10 <10 122 97 106 <10 <10 <10 <10 <10 <10
Ca 1483 1268 1733 1101 1340 1208 1731 1368 2220 2874 8319 1704 1633 1023 1370 937 886 804
Fe 60 63 61 68 65 63 76 65 93 715 481 104 95 63 65 48 58 50
K 335 509 844 380 888 703 480 941 509 1469 726 1081 672 3771 418 317 279 247
Mg 305 290 318 258 271 301 337 376 506 441 601 430 333 242 308 197 206 162
Na 208 437 1783 727 838 1728 959 1844 3064 3357 2340 1803 1808 764 938 723 927 616
Zn <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80 <80

The phenomenon is particularly evident in the cases of the chemical elements potassium (K)
and sodium (Na). The aforementioned alterations were associated with the spatial disparity in
the quantity of snow, encompassing its elevation and density.

The distribution of metals in dust has undergone significant evolution, as evidenced by Table
3. The metals, for which an elevation in their content has been documented, have undergone
slight modifications. Furthermore, the augmented deposition of particles on the downwind side
of the roadway has decreased, while it has significantly amplified on the upwind side. The
observed phenomenon can be logically elucidated as reduction in the concentration of dust
particles in the specimens with an increase in the distance from the roadway.

Table 5 displays the spatial arrangement of the aggregate metal content in the snow for
every square meter of snow surface. The table presents the identified sampling points for seven
metals, each with increasing contents. The aforementioned metals are Al, Ba, Ca, Fe, K, Mg,
and Na. The influence of deposition on the concentration of K and Ba element was limited to a
radius of 30 and 70 meters from the roadway, respectively. The concentration of Ca, Mg, and
Na in the vicinity of the road exhibited an increase of up to 30 meters in the direction of the
windward and up to 50 meters in the direction of the leeward. The impact of Fe content was
found to be discernible with a range of 30 meters on the windward side and up to 90 meters
on the leeward side. The distribution of Al is primarily influenced by the road, with a potential
traceable impact of 70 meters in the windward side and up to 190 meters in the leeward side.
The metals exhibited relatively higher concentrations on the eastern (leeward) side of the road.
The phenomenon is particularly evident for aluminum and iron.
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Fig. 4. Map of the weighted average coefficient of relative concentration (on the right - an enlarged roadside part
of the site) (gray color - excess over the local background no more than 10%, orange color - excess 10-15%; dotted
line shows a 10-meter grid).

The content map was presented as relative concentrations by utilizing the minimum content
of each element within the test site as its background value. Each individual pixel within the
map displays the percentage deviation in concentration of the specific element in comparison
to the minimum concentration present on the site map. Subsequently, a map of average relative
concentrations and a map of maximum concentrations for all elements were constructed for each
pixel in the GIS. Figure 4 depict the map of metals distribution pattern. The map considers the
proportional densities of all specified elements. However, when utilizing a map depicting average
relative concentrations, it is possible to obtain more consistent and refined approximations of
pollution. Based on the cartographic representation, it can be inferred that the area of impact
stemming from the roadway is typically observable solely on the side sheltered from the wind,
within a range of 20 to 40 meters from the thoroughfare, while factoring in all relevant variables.

However, it is noteworthy that within this particular area, the mean surplus of concentration
only amounts to 10-15% in relation to the baseline measurements. The zone of influence of
the road is indistinguishable on the windward side. When utilizing the relative concentration
deviation maxima map as a parameter for determining the area of impact, it can be observed
that the breath of the area if impact is likewise 20-40 meters from the road on the side sheltered
from the wind. However, the deviations from the baseline are notably greater, reaching up to
110%. Furthermore, a limited area of impact is designated on the side of the road facing the
wind, within a maximum strip of 10 meters. The manifestation of this area can be attributed to
the microtopography, specifically the existence of a depression that facilitates the accumulation
of dust emissions from the road.

This study demonstrated the notable influence of the dissemination of specific metals with
dust and snow. Several scholarly investigations (Khdre et al., 2023; and Liu et al., 2022) have
examined the accumulation of metals in plants, animals, and soil. However, these studies have
not given significant consideration to the sources of these metals. These methodologies solely
furnish data at a specific juncture within the assessment procedure. The lack of comprehensive
information on metal dispersion originating from card roadways and its consequential impact
renders the construction of a complete depiction unfeasible.

The focus of this study is primarily on the impact of dust particles from roadways, and the
distribution of metals within water and snow cover. In both instances, elevated levels were
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documented. Shirakawa’s (2022) research has proven that formaldehyde, soot, mercury and
pesticides can all be present in small amounts in fresh snow. Despite the low levels of these
substances, their presence has been verified. The resuspension of asphalt components and the
influence of the prevailing wind offer a comprehensive comprehension of dispersion on the
experimental site. Al though distance exerted an impact on a limited number of metals, the
noteworthy concentration of these metals along the sides of the road and to the east of the
experimental location cannot be disregarded.

Theresults of our study indicate that there are variations in the composition and water solubility
of metals derived from road surfaces. The prevailing wind direction has an impact on pollution
dispersion, according to our research findings. According to Korzeniowska’s (2022) findings,
the width of the zone with higher metal content was narrower on the windward side of the road,
ranging from two to three times less than that observed on the leeward side. This was observed
in the majority of the discovered metals.

Discrepancies were observed in the data obtained regarding the width of the zone of influence
in comparison to the findings reported by Liu et al., 2023; and Voronova and Karpenko, 2010,
which ranged from 150 to 180 meters. The observed phenomenon could potentially be attributed
to variation in traffic density, weather patterns, terrain characteristics, and the methodology
employed for delineating the zone of impact.

CONCLUSIONS

The study’s results indicate that the presence of roads has a noteworthy influence on the
dissemination of specific metals within dust and snow. The empirical investigation regarding
the variation in metal concentration in dust, water, and snow with respect to distance provided
support for our assertion. Despite the absence of a correlation between the metals, it was
discovered that the road exhibited pollution tendencies within a range of 30-70 meters on the
downwind side for metals such as Al, Ca, Fe, K, Na, and Mg. The concentration of these metals
decreased as the distance from the road increased. It is noteworthy that the outer limit of the
influence zone exhibits significant spatial variation in both instances. This variation is primarily
attributed to the microrelief severity prevalent in the study region.

Consequently, the utilization of specimens collected along a singular axis from the
thoroughfare to evaluate the impact of automobiles may encompass considerable inaccuracies.
Our methodology enabled us to evaluate the influence of the roadway on ecological contamination
caused by metallic substances, presented in the form of a cartographic representation with a
spatial precision of approximately 10 centimetres at ground level. The prevailing wind direction
at the testing location during the specified time frame may have contributed to the significant
accumulation of metallic particulate matter observed at the eastern terminus of the roadway.
The chemical make-up and size of dust particles have significant impact on their dispersion.
The findings of this study demonstrate the impact of a road network on the dispersion of metals
within a mixture of snow and dust.

However, over the course of the upcoming five years, further investigation is required to
obtain dependable information regarding the extent of metal contamination.
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