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Abstract: Comprehensive morphological and mineralogical studies of atmospheric microparticles
sampled on the roof of the museum complex and near roads in the town of Istra, Moscow region, have
been carried out. Morphological research at different hierarchical levels revealed the multicomponent
composition of microparticles and made it possible to identify the most characteristic groups of
microparticles of natural and anthropogenic origin. The composition of the studied atmospheric
microparticles is dominated by mineral grains of quartz and feldspars; biotite and calcite are singly
noted, which reflects the ecological and geographical conditions of their formation, namely the
Central Russian mineralogical province. A small share of technogenic particles in the composition
of aerosol fallout indicates a low level of technogenic load and a favorable environmental situation
in the study area, largely due to the protective functions of the forest park zone. The results of
determining the material composition and calculating the enrichment factors also indicate a low level
of technogenic impact on the natural environment.

Keywords: dust; dust transport; air pollutants; mineralogical analysis; technogenic microparticles;
biological aerosols

1. Introduction

The transfer of atmospheric microparticles is thought to cause numerous environ-
mental issues, from climate change to a negative impact on human life and health; works
of many authors are devoted to various aspects of the problem [1–4]. As a two-phase
system—aerosol dust consists of a dispersion medium (air) and a dispersed phase—solid
and liquid particles suspended in the air and differing in their physicochemical composition
and genesis. Atmospheric dust affects the air temperature and the earth’s surface diversely:
the daytime decrease in the temperature of the earth’s surface and the nighttime slight
increase [1]. Owing to sand and dust storms, a huge amount of sand and dust following
the strong wind rises from the earth’s surface and is carried into the atmosphere. On
the back of sandstorms, formidable quantities of living cells of microorganisms, pollen,
endotoxins, mycotoxins, heavy metals and other substances are migrated annually [4–6].
Dust is capable of residing in all layers of the Earth’s atmosphere and, depending on its
size and genesis, does not settle for a long time to the surface and is transported over
considerable distances.

Apart from vehicles, the main sources to form technogenic atmospheric microparticles
in cities are enterprises of light and heavy industry, whose work is associated with such
industrial processes as combustion, roasting, and chemical reactions.

Microparticles that settle on impermeable urban surfaces are commonly referred to
as urban street dust [7]. The urban environment is a hotbed of air pollution ([4,8–14], etc.),
the health risks of toxic heavy metals in road dust have been studied [14]. It has been
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established that dust aerosol content in the air of cities exceeding the permissible levels
affects negatively human health, both chemistry and dust particles size involved [2]. Moni-
toring of atmospheric air pollution by fine suspended particles (particulate matter—PM) is
carried out in megapolis and areas of high technogenic load. The content of particles in
the air with dimensions < 2.5 microns and <10 microns (PM2.5 and PM10, respectively),
which have the most pronounced negative impact on human health, is monitored. Micro-
(2.5–0.1 microns) and ultrafine (<0.1 microns) particles are most susceptible to sorption.
Their negative effects on the upper and middle respiratory tract leading to inflammation
and allergic reactions are known [15]. Children exposed to ultrafine particles at an early
age develop chronic cough and wheezing [16]. Due to the sorption of exhaust gases, atmo-
spheric microparticles contribute to a decrease in the sensitivity of respiratory tract cells
and hyperplasia of goblet cells [17], which increases the occurrence of cancer processes. In
addition to exhaust gases, polycyclic aromatic hydrocarbons are sorbed on the surface of
microparticles, which exert oxidative stress. Accumulating in the body leads to problems
with the cardiovascular and nervous systems [16]. Moreover, it is known that organic
substances extracted from the surface initiate oxidative DNA damage, which leads to
mutations [18]. Studies have been conducted that confirm the growth of diseases associated
with exposure to atmospheric microparticles, such as bronchopulmonary pathologies [19],
high blood pressure [20], increased blood clotting and the likelihood of thrombosis [21],
oncology [22], asthma [23].

At the same time, the chemical [24], microbiological [25] composition of aerosol dust
and the danger to people are investigated. The mineralogical composition of atmospheric
microparticles has been studied by some scientists in the areas of dust storms [10,26,27]. In
our opinion, there are very few such studies in semiarid regions.

The study of atmospheric microparticles makes it feasible to forecast the expectative
properties of the soil cover, to elucidate the mechanisms initiating dust storms and other
meteorological phenomena, to look into the wind erosion process and minimize the negative
impact on living organisms. Systematized knowledge on the performance of atmospheric
microfine particles, their buildup and translocation will help reduce their negative effect
and solve a number of environmental challenges.

The aim of this research is to identify the characteristic diagnostic features of atmo-
spheric microparticles that can be used to detect natural and man-made sources of their
formation. The main tasks are to carry out a comprehensive morphological and miner-
alogical analysis of microparticles of natural and technogenic origin at various hierarchical
levels and identify the alleged sources of dust fallout.

2. Materials and Methods

Field research was implemented in 2020 in the town of Istra, Moscow region. A
sampling of dust was carried out on the roof of the State Historical and Art Museum “New
Jerusalem”, created using the green roof technology. The museum is located 300 m from
the New Jerusalem Monastery (Figure 1). Previously, the authors performed studies of the
soil cover of the Istra River valley, including the territory of the monastery itself and the
park zone [28,29].

2.1. Sample Collection

Dust samples were collected by Gravimetric Settling of microparticles from the atmo-
sphere into exposed Petri dishes (from August to October), similar to the method described
earlier [25], at four sampling points, at a height of 16 m above ground level. In addition,
road dust samples were taken at three sampling points: on the side of Buzharovskoe
highway (D2); by a dirt road in a park area that adjoins the walls of the New Jerusalem
Monastery (D1), and in the parking lot at the entrance to the park (D3) (Table S1).

At the first key site, 4 sample collection points were selected (R1–R4), and at three road-
side sites—one point each (D1–D3), samples were taken seven times, a total of 49 samples
were taken.
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2.2. Calculation of Dust Load

The dust load was calculated using the formula: P = Pa/(ST), where Pa—weight of the
deposited dust, kg; S—the projective area of the deposition (3.14 R2) km2; T—time interval
(temporary interval) of the experiment, in days.

2.3. Granulometric Composition of the Samples

Size distribution of dust particles performed on a Microtrac Bluewave particle size
analyzer (Microtrac, Montgomeryville, USA). The sample circulation rate in the system
was 50% of the maximum (~33 mL/s) [30].

2.4. Statistical Analysis

Statistical calculations were made using the Statistica 8 soft.

2.5. Individual Particle Analysis

Microparticles were examined at various hierarchical levels using a binocular, a scan-
ning electron microscope (hereinafter referred to as SEM) with microprobe analyzer with
EDX system. Some of the samples were treated with hydrogen peroxide to remove films
from the surface of mineral grains for subsequent study of the morphology of the grain
surface using microscopy. The proportion of particles of various genesis was determined
by counting the number of objects of mineral, biogenic and technogenic origin by the
immersion method [31]. Average samples of 300 microparticles were formed, in which
counting was carried out using a polarizing microscope MP-201. Particles up to 20 microns
in size were quantified. Smaller fractions were evaluated qualitatively on the SEM. For
each particle in our study, we examined 3–5 regions on the SEM EDX depending on the
inhomogeneity of the particle.
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2.6. SEM-EDX Analysis (Energy Dispersive X-ray Analysis)

Individual aerosol particles were analyzed manually by using SEM JEOL JSM-6380LA
of the Faculty General Laboratory of Electron Microscopy, Faculty of Biology, Lomonosov
Moscow State University. The SEM-EDX analysis was carried manually by using out
with SEM (LEO 1450 VP, Carl Zeiss, Jena, Germany) equipped with an energy dispersive
X-ray system INCA Energy 300 (OXFORD INSTRUMENTS ANALYTICAL), of Faculty
of Geology, Lomonosov Moscow State University. A very thin film of gold and platinum
(Au-Pt) was deposited on the surface of each sample using vacuum coating unit called
JFC 1600 (Japan Electron Optics Laboratory (JEOL), Tokyo, Japan) which can prepare
4 samples at a time. The fine coating of gold and platinum makes the samples electrically
conductive. The working conditions were set at an accelerating voltage of 20 kV, a beam
current of 40–50 µA and a Si (Li) detector 10 mm away from the samples to be analyzed.
The EDX analysis was carried out at each analysis point and the elements present were
both qualitatively and quantitatively measured. The weight percentage of each element
present in the spectrum was identified. On normalization to 100% for C and O, the weight
percentage of different elements were also identified. Approximately 150 particles were
analyzed on each sample to examine particle morphology, size (equivalent projected area
diameter), and elemental composition. For each repetition, a sample was mounted on a
copper stage using double-sided adhesive carbon tape. Then, the stages were gold coated to
a thickness of 15 nm using a sputter coater for better conductivity and, therefore, reducing
electron charge. The EDX spectrum was obtained by the irradiation of electron beams at the
center of individual particles with accelerating volt age 20 kV and a counting time 60–100 s.
1500 particles were analyzed.

2.7. Heavy Metals in Road Dust

The determination of the gross forms of trace elements and heavy metals in micropar-
ticles of the samples was accomplished in the isolated fraction less than 0.1 mm [24] X-ray
fluorescence on a Bruker S2Picofox device.

2.8. Natural Conditions of the Research Area

The climate is moderately continental with warm summers and moderately cold
winters. The average annual air temperature is +3.3 ◦C, January −10.5 ◦C, July +17.1 ◦C [32].
Average annual precipitation is 537 mm. The prevailing winds are from the south-west,
south and west directions. The vegetation cover of the study area belongs to the southern
taiga zone with a predominance of coniferous–deciduous subtaiga forests [33].

Relief. In geomorphological terms, a floodplain and 2 floodplain terraces are identified
on the territory. The first terrace above the floodplain stretches in a narrow strip, bordered
by the monastery hill in the north and southwest, the surface of which is surrounded by
slopes of various heights and steepness from all sides, except the east. The second terrace
above the floodplain is flat, the maximum height being 162.5 m. The monastery is located
on a hill-like rise, the height of which reaches 162.0 m [34].

Soil-forming rocks are mantle loams underlain by fluvioglacial and moraine deposits
of the Moscow glaciation. Technogenic deposits are abundant on the territory of the
monastery hill and in areas of fast-paced economic activity [34]. They are represented by
clayey soils, sands with inclusions of construction waste and broken bricks. Modern alluvial
deposits are prevalent in the river floodplain and are typified by silty gray sands and loams
of medium density and size. Upper Quaternary deposits of the first above-floodplain
terrace are constituted by light yellow sands of various sizes, as well as brown silty loams.
The total thickness of the deposits of the first above-floodplain terrace is 6.9 m. Upper-
Quaternary deposits of the second above-floodplain terrace are represented by brown
and yellowish-brown sands of medium size, turning into coarse ones with interlayers and
lenses of clay loams and inclusions of pebbles and gravel.

Soil cover. Owing to the long history of the transformation of the landscape portraying
the territory of the Istra river valley adjacent to the monastery, the soil cover includes
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both natural soils of the floodplain and anthropogenic ones located on the second terrace
above the floodplain. The soil cover is dominated by alluvial soils of the floodplain—
Gleyic Fluvisol (Aric, Siltic). Although in general they retained the morphological features
characteristic of alluvial soils, the construction of the Istra reservoir led to a change in their
properties. The first above-floodplain terrace is formed by Fluvisol (Loamic, Calcaric),
experiencing anthropogenic pressure due to the recreational use of the territory. We
described Urbic Technosol (Calcic, Humic, Loamic) on the technogenic deposits of the
second above-floodplain terrace, and Urbic Technosol (Arenic, Eutric, Transportic) [28,29].

Ecological situation. According to the degree of transformation of the natural environ-
ment, the research area is classified as natural—technogenic. There are no large factories or
plants in the vicinity; the region itself has a low share of industrial land (4–6%). The main air
pollutants in the Istra district are carbon monoxide, nitrogen dioxide and sulfur, combustion
processes, industrial influences and vehicle exhaust emissions being major contributors
to form these substances. The territories sited along the highways (Moscow-Volokolamsk,
Moscow-Riga, three highways of the Central Ring Road), as well as territories situated in
close proximity to large industrial enterprises (Novo-Jerusalem plant, Zheleznyakovskaya
Petelinskaya poultry farm) are experiencing the greatest stress [35]. We regard these facto-
ries and highways as presumptive provenance of solid atmospheric deposition in the study
area. The dominant sources of soil pollution appear to be household waste generated by
the population, sewage, and chemicals used in agriculture. The analyses for the presence of
heavy metals in the soil showed that the city is in a relatively favorable ecological situation;
still, it is worth paying attention to the enterprise-neighboring areas, which were assigned
to the moderately dangerous category [36].

3. Results and Discussion
3.1. Investigation of Atmospheric Microparticles Sampled on the Roof

During the collection of microparticles by gravimetric precipitation on the roof of mu-
seum complex the dust load was 95.03 ± 56.32 kg/sq·km·day (n = 28). According to studies
conducted in Russia, the dust load for the park area of Moscow is 64–175 kg/sq·km·day [25].

As a result of morphological analysis of the selected samples under a binocular
microscope, atmospheric microparticles of three groups were isolated: biogenic, mineral,
and technogenic. It should be noted that the number of particles of technogenic origin,
including fragments of plastic, glass and brick chips, is scarce and is exemplified by single
particles in dust samples taken from the roof.

Microparticles of biological origin are available in large numbers by leaf fragments,
seeds, pollen, insect bites (Figure 2a,b; sample R1). The samples taken on the roof at the
point located on the side of Nikitino village were distinguished by a significant diversity
of the organic component. There are abundant dark plant remains that have preserved
cellular structure, hyphae of fungi and micromycetes, specks of the chitinous cover of
insects, and diatoms (Figure 2a–f; sample R1). The presence of the latter characterizes the
role of hydromorphic landscapes of the river valley. Particles of biogenic origin are small
(from 5–10 microns), whereas large objects (from 600 microns) are less common. Smaller
mineral particles are adsorbed on the surface of large plant residues. Accumulations of
objects of biological origin can also be observed on the surface of large mineral grains
(Figure 3a–d; sample R2).

Most of the studied samples are mineral particles, among which quartz grains of
varying roundness prevail (Figure 4; sample R1). Less common are feldspars, biotite, and
calcite (Figure 5; sample R3). There prevail rounded particles (Figure 6a,b; sample R1) up
to 400 microns in size, angular grains characterized by a glossy surface, the size of which
varies from 100 to 500 microns. Most of the mineral grains are covered with clay films
(Figure 6c,e; sample R2), often with a clearly expressed plaque of fine dusty microparticles
on the mineral grains (Figure 6d; sample R1).
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Figure 2. Atmospheric microparticles of biological origin: (a)—pollen grains; (b,c)—shell amoebas;
(d)—insect tissue remains; (e)—diatoms; (f)—perforated plant tissue. SAM JSM-6380 LA. The scale is
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In addition to individual mineral grains, aggregates are found (Figure 7; sample D2).
The grains of quartz and feldspars, which are part of the aggregates, are irregular in shape,
strongly corroded, their size varying from 5 to 10 microns.

The aluminosilicate composition of microparticles and the presence of clay films
on the surface of mineral grains give grounds to assume that the particles are of rock-
soil origin. The mineralogical composition of microparticles reflects the ecological and
geographical conditions of their emergence, namely the Central Russian mineralogical
province [37]. The morphological and mineralogical analysis made it possible to determine
the component composition of the samples and the approximate proportions of various
groups of microparticles. Dust samples on the roof contain less than 1% technogenic
particles and approximately 40% biogenic particles (Figure 8). The rest of the mass is
made up of mineral grains. In road dust samples, the proportion of technogenic particles
increases to 15%, while biological objects make up 5%. Most of the samples are made up of
mineral particles. The proportion of particles of different genesis in the sampling of the
dust are presented in Figure 8.

3.2. Features of the Surface Morphology of Mineral Grains

The micromorphological analysis of the grain surface is based on the idea that the
grains inherited from the minerals of the bedrock acquire certain morphological features
that are characteristic of those environments where their transfer and accumulation oc-
cur [38,39]. The surface morphology of mineral particles can serve as an indicator of
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environmental pollution by various toxic agents [40,41]. At present, significant data
have been accumulated on the genesis of the main types of morphostructures of min-
eral grains [38,39,41–43].
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Drawing on the study of the surface of quartz grains under a binocular microscope
and an electron-scanning microscope, several groups of primary morphostructures were
identified. The first group includes well-rounded grains with a matte surface ranging in
size from 100 to 250 microns. Micro-grooves and grooves on the surface are up to 10 µm;
on some particles, a shell-like fracture is noted. The second group includes poorly rounded
grains of irregular shape with an uneven surface, up to 400 microns in size, with clay
films noted on them, which indicates the influence of soil-forming processes; stepwise and
conchoidal fractures are characteristic. The sizes of the chips vary from 50 to 150 µm, micro-
grooves up to 10 µm (Figure 9a). Among the studied samples, particles of the first and
second groups predominate. Judging by the size of mineral grains, the absence of pointed
chips and a matte surface, one can assume that they belong to the aeolian environment
of short-distance transport, their mineralogical composition being similar to that of soils
previously delved by the authors in the study area.
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By the size of mineral grains, the third group includes large (from 500 to 700 µm)
acute-angled mineral grains with pronounced edges, glossy shiny surface (Figure 9c) and
stepped chips of large and medium sizes (from 300 µm) (Figure 9b,d). There are isometric
grains with sharp edges and even chips of various sizes. The size, shape and nature of the
chips and shiny surfaces suggest that the predominant formation medium is the glacial
mineral grains of the third group.

The results of a submicromorphological study of the surface of mineral quartz grains
(Figures 6 and 9) of the studied samples indicate the predominance of the aeolian medium
for transporting material over short distances, which is expressed in the rounded shape
of atmospheric microparticles and their matte surface with small grooves. The formation
of textures of aeolian genesis is influenced not only by the mechanical factor, but also by
chemical weathering, which affects the formation of the matte surface of the mineral grain
and matte pits. The soil-rock origin of the particles is evidenced by the presence of clay
films on their surface.
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3.3. Road Dust Research

Particle sizes. The investigated road dust has a light granulometric composition with a
predominance of fractions of fine sand and coarse dust (Figure 10).
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Figure 10. Box plot of particle size fraction in road dust in percent by volume.

Road dust samples have increased levels of technogenic microparticles, including
asphalt chips, metal particles, glass shards and plastic fragments. Many researchers have
noted the presence of microplastics among urban air pollutants [44,45]. The mineral
constituent is presented in the form of poorly rounded grains, quartz predominates in
the material, and grains of calcite (Figure 11a; sample D3) and biotite (Figure 11b; sample
D3) are also found. Quartz grains often have black streaks. The proportion of particles of
biological origin represented by plant residues is much smaller.

3.4. Content of Heavy Metals and Trace Elements in Road Dust Samples

The statistical indicators of the total content of heavy metals in road dust and in the
upper horizon of background soil are presented in Table 1. Currently, Russia has not
developed standards of limit or guidelines of heavy metal in deposited dust. The average
content of all investigated heavy metals in the road dust upper than in background soils,
except manganese. The excess of heavy metals content in dust compared to soils was
noted by many researchers of urban dust in Russia [24] and other countries [46]. It is
reasonable to compare the content of heavy metals in dust with the content of heavy metals
in spatially related soils, since street dust is partly of soil origin. The increased content of
heavy metals in dust compared to soils indicates a high enrichment of dust with modern
atmospheric fallout.

Table 1. Statistical Indicators of Metal Content in road dust samples and Background Soils (mg kg−1).

Heavy Metal Cr Mn Fe Co Ni Cu Zn Sr Cd Pb

road dust samples
Mean 27.15 357.84 14.086.56 5.34 12.16 23.09 73.15 57.87 0.19 11.42
Median 23.68 334.5 13.670 5.22 12.73 18.3 68.44 57.1 0.2 11.75
Standard deviation 7.48 56.15 1943.84 0.25 0.93 13.73 26.94 11.45 0.05 2.63
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Table 1. Cont.

Heavy Metal Cr Mn Fe Co Ni Cu Zn Sr Cd Pb

Min 19.54 296.9 11.670 5.09 10.66 10.24 42.57 44.14 0.12 7.4
Max 37.28 437.9 17.210 5.75 12.91 43.34 107.9 72.27 0.25 14.62
Coefficients variation, % 27.54 15.69 13.80 4.60 7.62 59.47 36.83 19.79 25.24 23.02

Background Soil
Mean 21.93 495.75 13.655.67 4.8 11.35 8.82 37.52 37.45 0.16 8.7
Median 22.19 494.18 13.615 4.88 11.2 9.14 37.04 37.15 0.17 9.05
Standard deviation 0.85 10.63 157.98 0.19 0.34 0.73 1.26 0.52 0.01 1.24
Min 20.98 486 13.522 4.58 11.1 7.98 36.58 37.15 0.15 7.32
Max 22.63 507.08 13.830 4.94 11.74 9.33 38.95 38.05 0.17 9.72
Coefficients variation, % 3.90 2.14 1.16 4.03 3.03 8.30 3.35 1.39 7.71 14.26
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The Geoaccumulation Index (Igeo) was calculated to identify the degree of contamina-
tion of road dust with heavy metals. The index was proposed by Muller as a geochemical
criterion for pollution detection [47]. It was widely used to assess the level of contamination
of soils and road dusts of certain heavy metals.

Geoaccumulation Index was calculated using the following formula:
Igeo = log2(Ci/1.5BG), where Ci—content of heavy metals in the upper horizon,

BG—background content in soil.
Igeo ranges seven sediments condition classes (Table 2) (given by [48]).

Table 2. Classes of Igeo in Relation to Pollution Levels and Enrichment, respectively.

Class Igeo

Value Designation of Street Dust Quality
0 Igeo ≤ 0 Not polluted
1 0 < Igeo ≤ 1 No to moderate pollution
2 1 < Igeo ≤ 2 Moderately polluted
3 2 < Igeo ≤ 3 Moderately to heavily polluted
4 3 < Igeo ≤ 4 Heavily polluted
5 4 < Igeo ≤ 5 Heavily to extremely polluted
6 Igeo > 5 Extremely polluted

Box plot for the Geoaccumulation Index of heavy metals in road dust is shown in
Figure 12. The most investigated heavy metals, such as Cr, Mn, Fe, Co, Ni, Cd, Pb, have
a value of Geaccumulation Index of road dust average below zero in Istra city, which
suggested the absence of accumulation of those heavy metals in the road dust in this small
town near Moscow. The level of pollution of road dust for strontium, zinc and copper is
mild to moderate. Geoaccumulation Index for average in this case is located in ascending
order from stroncium to copper in the following order Sr < Zn < Cu (0.02 < 0.29 < 0.58). The
appearance of Box plot is indicative of the distribution of Igeo being close to normal, which
also confirms the absence of significant technogenic pollution of the investigated road dust.
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3.5. Enrichment Factor

Enrichment Factor (EF) is a measure of possible influence of anthropogenic activity on
concentration of heavy metals in soil [49]. The content of heavy metals characterized by
low variability of occurrence both in analyzed samples and in background soils is used as a
reference. As control elements, usually Fe, Al, Ca, Ti, Sc or Mn, are used. We used Fe as the
reference element [50]. EF was calculated using the following formula:

EFFe = (Ci/CFe) sample/(Ci/CFe) background.

There are five levels of metals accumulation. These are minimum (EF < 2), moderate
(2–5), significant (5–20), very high (20–40), extremely high (>40). If EF value ranges from 0.5
to 1.5, the content of this heavy metal in soil is considered to be caused by natural processes.
However, if EF value exceeds 1.5, then there is a possibility that the pollution by heavy
metals has occurred as a result of anthropogenic activities [51].

The content of most heavy metals in the road dust of the Istra city, such as Cr, Mn, Fe,
Co, Ni, Cd, Pb is caused by natural processes, this judged by the average values of EF, which
fit into the range of 0.5–1.5 for this metal (Figure 13). The average values of EF for Cu, Zn
and Sr exceed 1.5, which indicates anthropogenic enrichment. Yet, the enrichment of zinc
and strontium is minimal, and copper has an average level of anthropogenic accumulation
in road dust.
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The use of the Enrichment Factor to assess the degree of technogenic impact on the
investigated area enables a more accurate assessment as compared to Igeo, which is less
informative. The road dust compared to the other natural objects, for example, soil, makes
it possible identify even a small technogenic impacts more accurately, since the proportion
of technogenic compounds per mass unit of dust is more than per mass unit of soil. The
investigated area is characterized by low technogenic impact on the natural environment.
Based on the analysis of road dust, it was found that there is a slight increase in the content
of copper, zinc, and strontium.

The high content of Al and Si in the dust composition argues the aluminosilicate origin
of the particles. Thus, the results of determining the material composition of dust indicate
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that road transport is one of the main sources of technogenic microparticles that contribute
to the pollution of natural objects. In general, the ecological situation in the Istra region is
quite favorable.

In the city of Istra in 2020 due to the pandemic, the work of some enterprises (a cement
plant) was stopped and most of the production facilities reduced the volume of work.
The main polluter in the city was public transport. Therefore, it can be recommended to
strengthen the control of compliance of road transport with environmental regulations and
to develop a public transport network, which will reduce car traffic.

4. Conclusions

Complex studies of atmosphere microparticles, collected by the sedimentation way,
and the samples of road dust in urban condition have been carried out.

The complex studies have revealed the multicomponent composition of atmospheric
microparticles. Most of the samples are represented by mineral grains; they also include
particles of organic origin of various genesis and technogenic particles (Figure 8).

In the content of road dust predominant by fractions of fine sand and coarse dust.
The morphological and mineralogical features of dust particles reflect the mineralog-

ical and geochemical features of the region of their origin. These data can be used to
clarify the regional affiliation of dust samples. Mineralogical and geochemical provinces
are distinguished by the origin and composition of the mineral components of soils and
sediments [37]. Micromorphological features of the particle surface reflect the processes
and changes that took place during the formation and transfer of microparticles. Grains
of quartz and feldspars, characteristic of the Central Russian mineralogical province [37],
predominate, indicating the rock-soil origin of microparticles. This is also confirmed by the
presence of clay films on the surface of mineral grains and the presence of aggregated material.

The results of the submicromorphological study of the surface of mineral quartz grains
indicate the predominance of the aeolian medium for transporting material over short
distances, which is expressed in the rounded shape of atmospheric microparticles, their
matte surface with small grooves.

The abundance of organic component in the dust samples is associated with the
influence of the forest and vast areas occupied by meadow vegetation, typical of flood-
plain landscapes.

The abundance of biological components in the composition of dust and an insignifi-
cant participation of technogenic microparticles characterize a favorable ecological situation
in the research area.

The main source of pollution is road dust, however, no significant excess of the MPC
for pollutants has been identified.

The average content of all investigated heavy metals in the road dust is higher than
in background soil (except manganese). The level of pollution of road dust by strontium,
zinc and copper ranges from minimal to moderate. The enrichment in zinc and strontium
is minimal, and copper has an average level of anthropogenic accumulation in the road
dust. The assessment of the technogenic impact on the territory with the calculation
of the Enrichment Factor revealed a low level of the technogenic impact on the natural
environment. When assessing the ecological state of the natural environment, the landscape
should be noted, namely the ecological role of park massifs and floodplain meadows, which
take up a significant share of the investigated area.

Atmospheric particles harm human health due to the sorption of pollutants on their
surface. The main parameters of the particles causing biological influence are the surface
area and character, as well as the diameter of the particles [18]. The study of the miner-
alogical composition and micromorphology of suspended solids up to 20 microns in size
allowed us to conclude that there is no global transfer of dust aerosol from other regions.
Films and fixed particles of a thinner size were found on the surface of these particles.
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