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Abstract—We analyzed multiyear (2007–2021) complex experimental studies of microphysical parameters,
mass concentration, and elemental composition of aerosol particles in the near-surface atmospheric layer of
semiarid zones in the south of European Russia. Background values of the daily average mass concentration
of near-surface aerosols in desertified areas of Kalmykia and the dry-steppe zone of Rostov oblast for the hot
summer period are found to be 125 and 34 μg/m3, respectively. The particle size distribution functions spe-
cific for atmospheric aerosols of the south of European Russia, are determined. An interrelation is found
between the particle emission from the surface to the atmosphere and the main atmospheric processes. Long-
term variations in elemental composition of near-surface aerosol are studied. Minor variations are identified
in the mass concentrations of Cd, Hg, and Cu in the composition of aerosol particles in Rostov oblast. The
elemental composition of Kalmykia aerosols stronger varies in terms of the contents of both natural and tech-
nogenic elements, mainly of chemical elements of salt balance and heavy metals. It is shown that most ele-
ments are weakly accumulated in aerosols, and their differentiation is heavier dependent on the mosaic char-
acter of the underlying surface. The multiyear period under study is characterized by the tendency of remov-
ing the harmful admixtures from the atmosphere of desertified territories in the south of European Russia due
to reducing the climate aridization and mitigating the anthropogenic effect.

Keywords: semiarid zone, south of European Russia, near-surface aerosol, mass concentration, particle size
distribution function, elemental composition, meteorological conditions, synoptic situation, long-term vari-
ations
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INTRODUCTION

Modern climate changes bring about a broad pub-
lic, economical, and political resonance [1]. The pro-
cesses in natural and anthropogenic landscapes and in
the near-surface atmosphere intensify with the
strengthening of oscillations in the climate system.
This is especially true for zones with extreme natural-
climatic conditions, such as arid and desertified
(semiarid) regions in the south of European Russia.

Atmospheric aerosol is one of the most variable
components of semiarid ecosystems and serves an
indicator of their anthropogenic transformation and
aridization [2]. Moreover, aerosol particles have a
unique set of spatially and temporally variable physi-
cochemical characteristics, strongly inf luencing the
optical properties, chemical activity, and composi-
tion of the atmosphere [3, 4]. Therefore, it is of spe-
cial interest to study the long-term variations in geo-
physical and geochemical properties of near-surface
aerosols from natural zones in the south of European

Russia, taking into consideration different sources of
emission.

Experimental studies of the physicochemical and
optical properties of near-surface aerosols from arid
regions in the south of European Russia and Central
Asia were first initiated few decades ago in regard to
the increasingly pressing problems of desertification
and drying of the Aral Sea [5–13]. Certain published
works on the topic are reviewed in [14]. Much attention
has been recently devoted to studying the specific fea-
tures of wind-driven [15–25] and convective emission
of dust aerosol to the atmosphere [26–29] and its
microphysical and optical characteristics [8, 14, 30–38]
in the south of European Russia, the Caspian region,
and Central Asia. The chemical composition of near-
surface aerosol in these regions has been studied to a
lesser degree [38–42]. However, this characteristic of
aerosol particles may determine their optical proper-
ties; also, it influences the specific features of different
chemical and photochemical processes in the atmo-
sphere [3, 4].
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Fig. 1. Locations of key observation regions.
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Long-term field observations in steppe and dry-
steppe natural zones in the south of European Rus-
sia, carried out by scientists from the A.M. Obukhov
Institute of Atmospheric Physics, Russian Academy
of Sciences (IAP RAS), in collaboration with spe-
cialists from the Karpov Institute of Physical Chem-
istry and the Institute of Geography (IGRAS), Rus-
sian Academy of Sciences, are associated with study-
ing the elemental composition and particle size
distribution of atmospheric aerosols and processes of
their local emission and transboundary transport in
natural and anthropogenic landscapes. However,
those field experiments were fragmentarily described
in several publications [14, 38, 44]. First attempts to
generalize the results from those experiments are
presented in [14, 43].

This work is devoted to generalizing the long-term
observation time series with the purpose of studying
the interannual variations in elemental composition
and microphysical parameters of dust aerosol in the
near-surface atmospheric layer on desertified and sub-
arid territories in the south of European Russia.

OBJECTS, METHODS, 
AND OBSERVATION FACILITIES

We analyze the experimental data of long-term
(2007–2021) complex field studies of the aerosol
microphysical parameters, mass concentration, and
elemental composition in the near-surface atmosphere
of arid and desertified regions in the south of European
Russia in the summer period. Key regions of the field
observations were in Rostov oblast (Tsimlyansk Scien-
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No.
tific Station (TSS) of IAP RAS) and in the Black Earth
region of the Republic of Kalmykia (Fig. 1).

The study regions in the plain south of the ETR
were chosen based on geographic zonal approach, tak-
ing into consideration typical landscapes [45, 46]. IAP
RAS TSS is in the steppe zone of ETR at the altitude
of 60 m asl (47°39′21.1″ N, 42°04′49.6″ E); this zone is
surrounded by agronomic landscapes and Tsimlyansk
residential zone. The climate at IAP RAS TSS is
European, Atlantic-continental, with the rainfall defi-
cit of 200–400 mm. The Black Earth region of the
Republic of Kalmykia is in a dry-steppe zone, repre-
sented by typical white wormwood steppes, sand mas-
sifs of anthropogenic origin, and alkali soils on marine
paleosediments in the Caspian Depression. The
mosaic character of the landscape is due to micro- and
mesoreliefs associated with groundwaters and pro-
cesses of eolian surface processing, as well as a marked
anthropogenic effect arising from agricultural uses of
sand massifs on light underlying rocks and clogging of
upper soil horizons. For our study, we chose sand
massifs on gently undulating plain in the northwestern
part of the Caspian Depression with the continental
climate of the East European Plain with a rainfall defi-
cit of 400–700 mm.

The observations were carried out using the IAP
RAS aerosol complex described in detail in [20, 38].
The measuring instrumentation included: aspiration
samplers for collecting aerosol samples on analytical
AFA-type filters with the subsequent gravimetric and
chemical analysis; six-stage impactors equipped with
hydrophobic filters for determining the mass fraction
and elemental compositions of aerosol particles in the
 6  2022
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wavelength channels >6.5, 4.0–6.5, 2.5–4.0, 1.5–2.5,
0.5–1.5, and <0.5 μm; an aerosol optical block con-
sisting of LAS-P laser aerosol spectrometers and
OEAS-05 optoelectronic aerosol spectrometers for
recording microphysical characteristics of aerosol par-
ticles; portable instruments for measuring the number
concentration of aerosol particles IGRAS; and a Davis
Vantage Pro2 weather station. The synoptic situation
in the periods of observations was estimated with the
use of online resources and data archives on meteo-
rological parameters from publicly available Internet
sources. In particular, the trajectory analysis of air
masses was carried out by calculating back trajecto-
ries of air mass transport to the observation sites
using the HYSPLIT model [47, 48] at the ARL NOAA
website [49].

Near-surface aerosols were studied by physico-
chemical methods of measurements coupled with geo-
system and landscape-geochemical approach [42].
Microphysical characteristics (size distribution and
number concentration) of aerosol particles were
recorded by optical methods based on the properties of
the optical radiation scattered and absorbed in the
aerosol medium [50]. For a gravimetric analysis, sam-
ples were collected on AFA analytical filters [51] at an
altitude of 1.5–2.0 m above the underlying surface
using an aspiration sampler, with each sample col-
lected for 12 h (either during day or night) or 24 h. The
aerosol mass concentration was determined by the
sampled data weighing method, consisting in trapping
on the filter of aerodisperse admixtures in the known
air volume, determining the gain in filter weight, and
calculating the mass concentration (in μg/m3). In
addition to aspiration samplers, six-stage impactors
and nephelometers were used in different years of
observations to measure the mass concentration of
aerosols. Moreover, the mass concentration of submi-
cron and micron fractions of aerosol particles with
sizes of 0.15–10 μm was calculated from the data on
the particle number concentration by the well-known
formula [3, p. 356].

Simultaneously with aerosol characteristics, we
measured the incident and reflected radiation taking
into account the actual meteorological parameters
and turbulence parameters.

The elemental composition of near-ground aero-
sols and underlying soils as components of geochemi-
cal landscapes was studied using laboratory analytic
methods of inductively coupled plasma atomic emis-
sion spectroscopy (ICP-AES), inductively coupled
plasma mass spectrometry (ICP-MS), and X-ray f lu-
orescence (XRF) analysis [52–54].

RESULTS AND DISCUSSION
Mass Concentration of Near-Surface Aerosols

The microphysical parameters (sire distribution
and number concentration) and the mass concentra-
ATMOSPHE
tion of aerosol particles are the most important char-
acteristics of atmospheric aerosols, the variations in
which are caused by different factors. In the near-sur-
face atmospheric layer of semiarid regions with a small
anthropogenic load, they strongly depend on the spe-
cific features of the underlying surface, meteorological
conditions, and synoptic situation.

Analysis of meteorological parameters from long-
term summer observations showed that the field
experimental studies in Kalmykia and steppe zone of
Rostov oblast were carried out mainly under the tem-
perature-humidity conditions corresponding to the
climatic norm in the second half of twentieth century–
early twenty-first century for these regions [55, 56],
for diverse wind parameters.

The long-term variations in the daily average mass
concentration of near-surface submicron and micron
aerosols are characterized in Tables 1 based on the
gravimetric analysis of aerosol samples collected
during the experiments (the largest values are bold) in
subarid droughty zones in the south of European Rus-
sia. It can be seen that, after the wind strengthens (up
to 8–12 m/s) and sandstorms occur in Kalmykia on
desertified areas with movable sand massifs, the daily
average mass concentration of aerosol particles may
increase by a factor of 5–10 as compared to “undis-
turbed” conditions (for quiet and weak wind). In par-
ticular, this was the case in 2011. On the contrary, the
period of the 2009 summer experimental campaign
was accompanied by weak wind (with the average
speed of 1–4 m/s) weather. The smallest f luctuations
in the daily average mass concentration (in an range
from 20 to 64 μg/m3) were recorded at that time.
These can be considered as background conditions.
The meteorological conditions in the period of obser-
vations in Kalmykia in 2007–2016 were analyzed in
more detail in [14].

In 2020 and 2021, the period of observations of
near-surface aerosols in Kalmykia was accompanied
mainly by summer-typical weather conditions, similar
to those during previous observations. Air tempera-
tures reached +31 to +35°С in daylight hours (except
on July 27, 2021) and decreased to +18 to +22°С in
nighttime hours. Except several days (July 23–25,
2020 and July 27, 2021), the lowest relative air humid-
ity varied in the range 18–25% during the day and
increased, on the average, to 50–65% in nighttime
hours. Study of the geopotential fields showed the
unstable character of the synoptic situation, with
changes in air masses and their trajectories and oscil-
lations in atmospheric pressure. Comparison of the
meteorological and synoptic conditions in July of 2020
and 2021 in Kalmykia with those from previous
research confirmed that they are typical for desertified
regions of the republic [14, 43].

In the steppe zone of Rostov oblast (IAP RAS TSS),
the temperature-humidity characteristics during the
long-term summer observations, as in Kalmykia, cor-
RIC AND OCEANIC OPTICS  Vol. 35  No. 6  2022
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Table 1. Long-term variations in the daily average mass concentration of near-surface aerosols in Kalmykia and at IAP
RAS TSS in summer period

Year Observation period Min Max Average SD Median

Kalmykia

2007 21–31.07 24.2 203.76 73.82 55.93 46.75
2009 17–27.07 20.3 64.1 36.11 12.29 35.78
2011 20–29.07 44.83 575.5 346.34 186.46 390.54
2013 19–27.07 33.33 186.06 85.06 51.59 58.67
2014 22–31.07 25.34 758.29 197.67 258.48 57.54
2016 19–30.07 16.56 138.99 57.76 33.94 49.23
2020 23.07–1.08 16.68 214.2 86.31 61.88 70.06
2021 21–31.07 24.33 631.28 114.08 177.42 45.96

IAP RAS TSS

2012 3–14.08 18.87 63.94 42.9 14.95 44.49
2017 29.07–8.08 22.9 42.95 31.46 6.64 31.51
2018 29.07–3.08 18.39 32.16 24.9 4.84 24.15
2019 29.07–5.08 23.98 48.8 34.21 10.62 30.14
2020 4.08–13.08 13.55 32.91 21.76 6.92 20.45
2021 4.08–15.08 26.29 69.54 46.54 18.02 43.05
responded to the climatic norm. For instance, in 2020,
the air temperature at IAP RAS TSS varied, on aver-
age, from +25 to +30°С in daytime and from +16 to
+23°С in nighttime hours; in 2021, the air tempera-
ture was a little higher: +30 to +33°С, on average,
during the day and +21 to +23°С at night. The relative
air humidity in 2020 decreased, on average, to 30%
during day and increased to 65–75% at night. In 2021,
during the first half of the field campaign, the relative
air humidity was, on average, a little lower; it
decreased to 25% during the day and increased to 50%
at night. However, in the second half of the 2021 field
experiment, the relative humidity at IAP RAS TSS
showed a positive trend; on August 14, 2021, it reached
45% during the day and 90% at night. The trajectory
analysis indicated that this was due to an unstable syn-
optic situation and a change in air masses.

In 2020 and 2021, the wind speed reached 4–6 m/s
in daytime hours; while at night the wind weakened to
quiet and light (0.5–2 m/s) or there was calm. That is,
the patterns characteristic of arid zones and droughty
southern steppes are similar in wind regime.

As in Kalmykia, the synoptic situation at IAP RAS
TSS stood out in instability, both during recent years
and during previous periods of field studies [38].

The long-term studies showed that the mass con-
centrations of aerosols was minimal in a quiet atmo-
sphere and maximal when the wind speed increased to
10 m/s and higher. The standard deviation (SD) of the
mass concentrations of near-surface aerosol in Kal-
mykia shows a large dispersion (see Table 1) because
the atmosphere is often unstable due to the mosaic
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No.
character of the underlying surface types and, hence,
strong gradients in surface heating. It is noteworthy
that the median is close in value to the average char-
acteristics. Therefore, the average mass concentra-
tions of near-surface aerosols in steppe (IAP RAS
TSS, 34 μg/m3) and dry steppe (Kalmykia, 125 μg/m3)
zones can be assumed as background values for
studying climate change and estimating the anthro-
pogenic effect.

Aerosol Particle Size Distribution Function
In semiarid regions, the wind conditions have a

strong effect on the size distribution of aerosol parti-
cles. In our previous work [14], we described the spe-
cific features of variations in the particle size distribu-
tion function of near-surface aerosol in Kalmykia
under different wind speeds. The stronger the wind
speed, the larger the concentration of the micron frac-
tion of particles (d = 1–10 μm) and the smaller the con-
centration of submicron particles (d = 0.15–1 μm). For
instance, in a strong wind, which was observed in day-
time throughout the 2011 field campaign, the mea-
sured concentrations of micron particles were an order
of magnitude higher than in other years of study, char-
acterized by quiet, slight, or moderate wind [14]. The
number concentration of submicron particles (d =
0.15–1 μm) with diameters 0.15 μm decreases with an
increase in the number of micron particles (with sizes
more than 1 μm). In the case of a strong wind, salta-
tion drives the emission of micron particles from the
underlying surface to the near-surface atmospheric
layer. Under “quiet” wind conditions, fine and submi-
 6  2022
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Fig. 2. Aerosol particle size distribution function according to long-term summer observations in Kalmykia and at IAP RAS TSS.
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cron particles become more abundant in the atmo-
sphere owing to their thermal convective emission [20,
26, 27, 57].

Figure 2 shows the aerosol particle size distribu-
tion function derived from long-term observations in
Kalmykia and at IAP RAS TSS and averaged over the
entire period of each summer campaign. The shapes
of the distribution functions in the near-surface
atmospheric layer were compared and found to differ
in the size range 0.6–2.0 μm. A characteristic feature
of the aerosol size spectrum in Kalmykia is the max-
imum in the region 0.9–2.0 μm, atypical for the par-
ticle size distribution function in the near-surface
atmospheric layer over IAP RAS TSS. It should be
noted that the distribution function with a poorly
defined (blurred) maximum is characteristic for rural
continental aerosol [3]. Moreover, the aerosol parti-
cle distribution function in near-surface air in sur-
roundings of AIP RAS TSS is similar in shape to a
typical urban aerosol distribution function [3], though
shifted somewhat toward larger particles. Probably,
this type of distribution function is due to the fact that
IAP RAS TSS is located in the suburbs of the little city
of Tsymlynsk and to the effect of local anthropogenic
sources.
ATMOSPHE
The wind conditions in Kalmykia vary during day-
light hours, so that the particle distribution function
stronger varies as compared to that for the near-surface
atmospheric layer in the surroundings of IAP RAS TSS.
This is especially marked in variations of the numbers of
particles with sizes 1–10 μm, as well as in the numerical
relationship between the number concentrations of sub-
micron and micron fractions of aerosol because the
underlying surface in desertified and arid areas is a
strong source of salt-dust aerosol particles, the intensity
of which is mainly determined by synoptic and meteo-
rological conditions.

The number concentrations of aerosol particles in
the size range 0.8–10 μm in near-surface air in Kal-
mykia and at IAP RAS TSS differ in absolute value,
also primarily because of the specific features of wind
conditions and the underlying surface on desertified
areas in Kalmykia.

It should be noted, however, that the shape of the
particle distribution function is well reproduced from
one year to another in both Kalmykia and at IAP RAS
TSS, indicating the constancy of characteristic aerosol
types at the observation sites.
RIC AND OCEANIC OPTICS  Vol. 35  No. 6  2022
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Fig. 3. Dynamics of variations in elemental composition (mass concentration of chemical elements in relative units) of near-sur-
face aerosols according to long-term observations in Kalmykia and at IAP RAS TSS.
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Elemental Composition of Near-Surface Aerosol

Analysis of elemental composition of near-surface
aerosols from semiarid zones in the south of European
Russia based on long-term observations in Kalmykia
and at IAP RAS TSS made it possible to identify the
dynamics of variations in the mass concentration of
chemical elements in the composition of aerosol par-
ticles. A total of 65 elements (from Li to U) were deter-
mined. Their differentiation was considered in accor-
dance with the well-known ecological and geochemi-
cal systematization of elements with respect to the
scales of their environmental impact, taking into con-
sideration their abundance in the Earth’s crust, with
respect to the elements of global, regional, and local
significance.

For clarity of presentation and convenience of
interpreting the results, below, we pay attention to the
most significant elements as variable components of
the landscapes under study. Figure 3 shows the long-
term variations in the mass concentration of elements
in relative units: (Сi − Сmean)/Сmean, where Сi is the
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No.
mass concentration of an element in the ith year;
Сmean is the mass concentration of the element aver-
aged over all years. It can be seen that the elemental
composition of near-surface aerosol in Kalmykia
experiences stronger interannual variations associ-
ated with specific features of synoptic situation and
wind conditions.

Analysis of our results shows that synoptic situa-
tions in Kalmykia in 2009 and 2011 favored the emis-
sion of chemical elements into the near-surface atmo-
sphere owing to the northwesterly wind and proximity
to anthropogenic sources. These last could also con-
tribute to the emission of heavy metals and radioactive
elements in Kalmykia in 2011 during a dust storm with
northeasterly and easterly air mass motions. Increased
concentrations of cadmium and mercury were
observed in the near-surface aerosol at IAP RAS TSS
in 2012, probably due to the transboundary transport.
On the whole, the variations in the mass concentration
of chemicals are similar in character to the specific
features of variations in the total mass concentration of
near-surface aerosols.
 6  2022
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Fig. 4. Long-term variations in the enrichment factor of elements in near-surface aerosols from dry-steppe (Kalmykia) and steppe
landscapes (IAP RAS TSS).
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The selective accumulation of chemical elements
in aerosol particles is estimated by calculating the
enrichment factors [46]:

where Сel and CAl are the concentrations of a given
chemical element and of the reference element (alu-
minum) in the solid phase of aerosols and in the gran-
ite layer of the continental Earth’s crust [59], respec-
tively. Aluminum was chosen as a reference element
because it is a typomorphous element in paleogene
rocks and marine sediments for the steppe zone in the
south of European Russia and, as such, can be used as
a normalization factor in geochemical calculations.

The long-term variations in the average enrich-
ment factors of chemical elements in aerosols in the
near-surface atmospheric layer in Kalmykia and in the
surroundings of IAP RAS TSS are shown in Fig. 4.

The elements in the composition of atmospheric
aerosols of semiarid zones in the south of European
Russia, presented in geochemical spectra in Fig. 4, are
mainly of mixed natural-anthropogenic origin and
characterized by variable mass concentration. Ele-
ments of global significance weakly vary in concentra-
tion. The strong variations are characteristic for chem-
ical elements from salt balance and for heavy metals.
On the whole, a long-term decreasing tendency is
traceable in the concentrations of most elements start-
ing from 2016–2017, which can be primarily because
of decreasing anthropogenic load in this region. High
sulfur content is primarily associated with natural
sources (alkaline lands in Kalmykia and the Caspian

= el Al

el Al

( ) aerosol sample
EF ,

( ) Earth's crust
С C

С C
ATMOSPHE
region), as well as with anthropogenic sources, i.e., gas
and oil production plants and motor vehicles.

Clarks of aerosol concentration (concentration of
an element in aerosol sample/clark of the Earth’s
crust) were calculated [46], and the accumulation
intensity (weak: 0–10, medium: 10–50, strong: 50–
100, high: >100) of elements in near-surface aerosols
was estimated to clarify the role of the atmospheric
aerosols in the functioning of landscapes in the
steppe zone. Table 2 presents the accumulation inten-
sity of chemical elements in near-surface aerosols in
Kalmykia and at IAP RAS TSS.

As can be seen from Table 2, the weak accumula-
tion intensity is characteristic for most chemical ele-
ments, and their differentiation depends to a larger
degree on the mosaic character of the underlying sur-
face. The accumulation in near-surface aerosols from
semiarid zones in the south of European Russia is
mainly observed for heavy metals of both natural and
anthropogenic regional and local origins. The high
selenium and tellurium contents may be due to tech-
nogenic migration associated with regional economics
and transboundary transport of pollutants.

CONCLUSIONS

We studied the variations in elemental composition
and microphysical parameters of near-surface aerosol
from desertified areas in Kalmykia and the arid steppe
zone in Rostov oblast (IAP RAS TSS) in the summer
period based on long-term observations, including the
last field expeditions of 2020 and 2021.
RIC AND OCEANIC OPTICS  Vol. 35  No. 6  2022
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Table 2. Accumulation intensity of chemical elements in near-surface aerosols from semiarid zones in the south of Russia
(using observations in Kalmykia and at IAP RAS TSS)

Year
Clarks of concentration

0–10 10–50 50–100 >100

Kalmykia

2007 Ca, Mo, Sb, Cs, W, Pb S, Sn, Hg Bi Se, Cd
2009 P, Li, Be, Mg, Al, K, Ca, V, 

Cr, Mn, Fe, Co, Ni, Rb, Sr, Y, Cs, 
Ba, La, Tl, Th, U

B, Cu, Mo, Ag, Sb, Pb Sn S, Se, Cd, Hf, W, Re, Hg, Bi

2011 P, Li, Ca, Sc, V, Cr, Ni, Cu, 
Ag, Sn, Sb, Hg, Pb

S, Bi Se, Cd

2013 B, Cr, Mo, Ag, Sb, Hg S, Ni, Cu, Cd, Sn, Pb, Bi Te
2014 B, S, Ca, Ag, Cd, Sn, Sb, Hg, Pb Bi
2016 B, Ca, Sb S, Cd
2020 P, Li, Ca, Sc, V, Cr, Co, Cu, Mo, 

Ag, Sn, Sb, Cs, La, Hg, Pb
B, S, Cd, Re, Bi Te Se

IAP RAS TSS

2012 P, Li, Ca, Sc, V, Cr, Mn, Fe,
Co, Ni, Cu, Ga, Sr, Mo, Sn, Cs, 

La, Hf, W, Tl

B, Zn, As, Ag, 
Sb, Hg, Pb

S Se, Cd, Te, Bi

2017 B, P, Zn, Mo, Ag, Sn, Hg, Pb S, As, Sb, Re Bi Se, Cd
2018 B, Li, Cr, Cu, Zn, As, Mo, 

Ag, Sn, Hg, Pb
S, Cd, Sb Bi Se, Te

2019 P, Ni, Cu, Zn, As, Mo, Sn, Hg, Pb B, S, Cd, Sb Bi
2020 P, V, Cr, Cu, Zn, Mo, Ag,

Sn, Cs, Hg, Pb
B, As, Cd, Sb S, Bi Se, Te

2021 B, P, Cu, Zn, As, Mo, Sb, Hg, Pb S, Cd, Sb Bi Se, Te
It is confirmed that the synoptic situation and
meteorological conditions strongly influence the
dynamics of variations in microphysical parameters
and mass concentration of near-surface aerosol from
semiarid regions in the south of European Russia.
Based on the analysis of long-term data, it is found that,
judging from mass concentrations (20–40 μg/m3) of
submicron and micron aerosol particles in the near-
surface atmospheric layer, the natural-anthropogenic
landscapes of arid southern steppes in Rostov oblast
can be considered as background regions with pre-
dominant agricultural land uses. Microphysical
parameters (concentration and particle size distribu-
tion) of aerosol are characterized by minor variations
under typical (undisturbed) conditions in the southern
steppe zone (in the absence of unfavorable meteorolog-
ical and hazardous natural and technogenic incidents).
The first half of August 2021 had been an exception in
that atypical, increased (up to 7 m/s), wind speeds were
observed in the surroundings of IAP RAS TSS. As a
consequence, the concentration of near-surface aero-
sol increased: on August 7–10, 2021, we recorded the
largest (as large as 70 μg/m3) daily average mass con-
centrations of submicron and micron particles in the
entire period of observations.
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No.
The concentration of near-surface aerosol from
desertified areas in Kalmykia shows stronger varia-
tions, mainly due to wind conditions, specific features
of the underlying surface, and gradient of soil surface
heating. After winds strengthen to moderate and fresh
(predominantly in daytime), the mass concentration
of near-surface aerosol may increase by an order of
magnitude. Sandstorms quite often occur in summer
in Kalmykia, leading to strong short-term fluctuations
in microphysical parameters of aerosol.

Analysis of long-term variations in elemental
composition of near-surface aerosol from semiarid
zones in the south of European Russia revealed, in
separate years, minor variations in the content of cer-
tain elements of anthropogenic origin (Cd, Hg, Cu)
in aerosol particles in the near-surface air in sur-
roundings of IAP RAS TSS.

The elemental composition of arid aerosol in Kal-
mykia stronger varies in terms of the content of both
natural and technogenic elements. This is due to the
specific features of the underlying surface, proximity to
the Caspian Sea, synoptic conditions which favor trans-
port of air masses from regions with other landscapes
and with differing anthropogenic and natural aerosol
sources, and the activity of local sources.
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The long-term observation period under study is
generally characterized by the tendency of removing
harmful admixtures from the atmosphere over desert-
ified territories in the south of European Russia owing
to the decreased climate aridization and mitigated
anthropogenic effect; however, it is expedient to con-
tinue the observations of ecologically hazardous tech-
nogenic chemical elements.

ACKNOWLEDGMENTS

The authors thank V.A. Lebedev, A.A. Khapaev, and
Yu.I. Obvintsev for assistance in support and conducting
the field measurements as part of long-term observations of
aerosol physicochemical parameters in Kalmykia and at
IAP RAS TSS.

FUNDING

This work was supported by the Russian Science Foun-
dation (grant no. 20-17-00214).

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES
1. United Nations Framework Convention on Climate

Change. https://unfccc.int/event/cop-26#eq-32. Cit-
ed February 21, 2022.

2. T. M. Kuderina, “Atmospheric aerosol as an indicator
of desertification in arid and subarid landscapes of the
European Russia,” in Proc. of the VII Intern. Symp.
“Steppes of Northern Eurasia” (IS UrB RAS; Dimur,
Orenburg, 2015), p. 442–443 [in Russian].

3. J. H. Seinfeld and S. N. Pandis, Atmospheric Chemistry
and Physics: From Air Pollution to Climate Change (Wi-
ley, New York, 2006).

4. K. Ya, Kondrat’ev, L. S. Ivlev, and V. F. Krapivin, At-
mospheric Aerosols: Properties, Generation Processes,
and Effects. From Nano- to Global Scales (VVM, St. Pe-
tersburg, 2007 [in Russian].

5. O. E. Semenov, Introduction to Experimental Meteorol-
ogy and Climatology of Sandstorms (Almaty, 2011) [in
Russian].

6. Yu. V. Zhulanov, V. A. Zagainov, A. A. Lushnikov,
Yu. S. Lyubovtseva, I. A. Nevskii, and L. D. Stulov,
“Fine an submicron aerosol of an arid zone,” Izv. Akad.
Nauk SSSR. Fiz. Atmos. Okeana 22 (5), 488-495 (1986).

7. Soviet-American Experiment on the Study of Arid Aerosol,
Ed. by G.S. Golitsyn(NPO “Taifun”, St. Petersburg,
1992) [in Russian].

8. S. F. Abdullaev, B. I. Nazarov, A. Kh. Shukurov, and
A. M. Zhuraev, “Microphysical properties of dust aero-
sol in an arid zone,” Dokl. Akad. Nauk Respubliki
Tadzhikistan 38 (7-8), 5–9 (1995).

9. S. F. Abdullaev, B. I. Nazarov, A. Kh. Shukurov, and
A. M. Zhuraev, “Variability of air transparency under
ATMOSPHE
the effect of carryover of dust aerosol in high-mountain
arid zone of Tadzhikistan,” Dokl. Akad. Nauk Respub-
liki Tadzhikistan 38 (7-8), 9–14 (1995).

10. B. I. Nazarov, V. A. Maslov, and S. F. Abdullaev, “Op-
tical and microphysical parameters of arid dust aero-
sol,” Izv., Atmos. Ocean. Phys. 46 (4), 468–474 (2010).

11. B. I. Nazarov, S. F. Abdullaev, and V. A. Maslov,
“Studies of temperature effects of dust storms,” Izv.,
Atmos. Ocean. Phys. 46 (4), 475–481 (2010).

12. G. I. Gorchakov, P. O. Shishkov, V. M. Kopeikin,
A. S. Emilenko, A. A. Iskakov, P. V. Zakharova,
V. N. Sidorov, and K. A. Shukurov, “Lidar nephelo-
metric sounding of arid aerosol,” Atmos. Ocean. Opt. 11
(10), 958–962 (1998).

13. G. I. Gorchakov, B. M. Koprov, and K. A. Shukurov,
“Arid submicron aerosol transport by vortices,” Izv.,
Atmos. Ocean. Phys. 39 (5), 536–547 (2003).

14. D. P. Gubanova, O. G. Chkhetiani, T. M. Kuderina,
M. A. Iordanskii, Yu. I. Obvintsev, and M. S. Artamon-
ova, “Experimental studies of aerosols in the atmosphere
of semiarid landscapes of Kalmykia. 1. Microphysical
parameters and mass concentration of aerosol particles”
Geofiz. Protsessy Biosfera, No. 1, 5–29 (2018).

15. E. A. Malinovskaya, O. G. Chkhetiani, I. N. Panchish-
kina, G. G. Petrova, and A. I. Petrov, “The relation-
ship between the surface electric field and arid aerosol
under different wind conditions,” Dokl. RAN. Nauki
Zemle 502 (2), 115–124 (2022).

16. E. A. Malinovskaya, O. G. Chkhetiani, and L. O. Mak-
simenkov, “Influence of wind direction on the size dis-
tribution of aeolian microparticles,” Izv. RAN. Fiz. At-
mos. Okeana 57 (5), 539–554 (2021).

17. G. I. Gorchakov, D. V. Buntov, A. V. Karpov,
V. M. Kopeikin, S. F. Mirsaitov, R. A. Gushchin, and
O. I. Datsenko, “The saltating particle aleurite mode in
wind–sand flux over a desertified area,” Dokl. Earth
Sci. 488 (1), 1103–1106 (2019).

18. G. I. Gorchakov, D. V. Buntov, A. V. Karpov,
V. M. Kopeikin, S. F. Mirsaitov, R. A. Gushchin, and
O. I. Datsenko, “Wind effect on the size distribution of
saltating particles,” Atmos. Ocean. Opt. 33 (2), 198–
205 (2020).

19. G. I. Gorchakov, V. N. Ermakov, V. M. Kopeikin,
A. A. Isakov, A. V. Karpov, and A. V. Ulyanenko,
“Electrical currents of saltation in windsand flux,”
Dokl. Akad. Nauk 410 (2), 259–262 (2006).

20. O. G. Chkhetiani, E. B. Gledzer, M. S. Artamonova,
and M. A. Iordanskii, “Dust resuspension under weak
wind conditions: direct observations and model,” At-
mos. Chem. Phys. 12 (11), 5147–5162 (2012).

21. G. I. Gorchakov, A. A. Titov, and D. V. Buntov, “Pa-
rameters of the lower layer of saltation over desert terri-
tories,” Dokl. Earth Sci. 424 (1), 90–94 (2009).

22. G. I. Gorchakov, A. V. Karpov, A. V. Sokolov,
D. V. Buntov, and I. A. Zlobin, “Experimental and the-
oretical study of the trajectories of 2012. saltating sand
particles over desert areas,” Atmos. Ocean. Opt. 25 (6),
423–428 (2012).
RIC AND OCEANIC OPTICS  Vol. 35  No. 6  2022



LONG-TERM VARIABILITY OF THE COMPOSITION OF NEAR-SURFACE AEROSOL 689
23. G. I. Gorchakov, A. V. Karpov, V. M. Kopeikin,
I. A. Zlobin, D. V. Buntov, and A. V. Sokolov, “Study
of the dynamics of saltating sand grains over desertified
territories,” Dokl. Earth Sci. 452 (2), 1067–1073 (2013).

24. G. I. Gorchakov, V. M. Kopeikin, A. V. Karpov,
D. V. Buntov, and A. V. Sokolov, “Specific charge of
saltating sand grains over desert areas,” Dokl. Akad.
Nauk 456 (4), 476–480 (2014).

25. G. I. Gorchakov, V. M. Kopeikin, A. V. Karpov,
A. A. Titov, D. V. Buntov, G. A. Kuznetsov, R. A. Gu-
shchin, O. I. Datsenko, G. A. Kurbatov, A. O. Seregin,
and A. V. Sokolov, “Variations in the specific charge of
saltating sand in a windsand flux over a desertified ar-
ea,” Atmos. Ocean. Opt. 29 (3), 244–251 (2016).

26. E. B. Gledzer, I. G. Granberg, and O. G. Chkhetiani,
“Convective aerosol f luxes near the ground surface,”
Dokl. Earth Sci. 426 (1), 652–657 (2009).

27. E. B. Gledzer, I. G. Granberg, and O. G. Chkhetiani,
“Air dynamics near the soil surface and convective
emission of aerosol,” Izv., Atmos. Ocean. Phys. 46 (1),
29–40 (2010).

28. G. I. Gorchakov, P. O. Shishkov, V. M. Kopeikin,
A. S. Emilenko, V. N. Sidorov, P. V. Zakharova, and
K. A. Shukurov, “Aerosol in the convective atmospher-
ic boundary layer,” in Proc. of the Intern. Conf. “Natural
and Anthropogenic Aerosol,” St. Petersburg, Septemver
26–October 4, 1998 (Institute of Chemistry, SPbGU,
1998), p. 408–413 [in Russian].

29. G. I. Gorchakov and K. A. Shukurov, “Fluctuations in
submicron-aerosol concentration under convective con-
ditions,” Izv., Atmos. Ocean. Phys. 39 (1), 75–86 (2003).

30. S. F. Abdullaev, V. A. Maslov, and B. I. Nazarov,
“Study of dust haze in arid zone,” Izv., Atmos. Ocean.
Phys. 49 (3), 276–284 (2013).

31. B. I. Nazarov, S. F. Abdullaev, V. A. Maslov,
N. A. Aburasulova, and M. S. Abdullaeva, “Studies of
the distribution of an aerosol particles and variation in
soot aerosols in the atmosphere,” Dokl. Akad. Nauk
Respubliki Tadzhikistan 53 (5), 358–363 (2010).

32. S. F. Abdullaev, T. Shukurov, R. Marupov, and
B. I. Nazarov, “Research of samples of soil and dust
aerosol by method of IR spectroscopy,” Opt. Atmos.
Okeana 26 (2), 166–171 (2013).

33. B. I. Nazarov, S. F. Abdullaev, and V. A. Maslov,
“Variation of disperse structure of the aerosol during
dusty storms,” Dokl. Akad. Nauk Respubliki Tadzhiki-
stan 50 (5), 431–435 (2007).

34. B. I. Nazarov, S. F. Abdullaev, and V. A. Maslov,
“About influence of a dusty aerosol on a temperature of
air,” Dokl. Akad. Nauk Respubliki Tadzhikistan 50 (4),
340–344 (2007).

35. V. A. Maslov, B. I. Nazarov, and S. F. Abdullaev, “In-
fluence of the change of concentration of the aerosol on
the transparency of the atmosphere,” Dokl. Akad.
Nauk Respubliki Tadzhikistan 50 (3), 241–247 (2007).

36. B. I. Nazarov, S. F. Abdullaev, and V. A. Maslov,
“Change of optical parameters of strongly dusty air in
conditions of arid zones,” Dokl. Akad. Nauk Respubli-
ki Tadzhikistan 50 (7), 598–606 (2007).
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No.
37. B. I. Nazarov, S. F. Abdullaev, V. A. Maslov, M. A. Ab-
durasulova, and M. S. Abdullaeva, “Dust aerosol opti-
cal parameters for aeronet,” Dokl. Akad. Nauk Res-
publiki Tadzhikistan 53 (9), 685–689 (2010).

38. M. S. Artamonova, D. P. Gubanova, M. A. Iordanskii,
V. A. Lebedev, L. O. Maksimenkov, V. M. Minashkin,
Yu. I. Obvintsev, and O. G. Chkhetiani, “Variations of
the aerosol concentration and chemical composition
over the arid steppe zone of southern Russia in sum-
mer,” Geofiz. Protsessy Biosfera 15 (1), 5–24 (2016).

39. S. F. Abdullaev, V. A. Maslov, B. I. Nazarov, U. Madva-
liev, and T. Davlatshoev, “The elemental composition of
soils and dust aerosol in the south-central part of Tajiki-
stan,” Atmos. Ocean. Opt. 28 (4), 347–358 (2015).

40. S. F. Abdullaev, V. A. Maslov, B. I. Nazarov, U. Mad-
valiev, and T. Davlatshoev, “The elemental composi-
tion of soil and dust aerosol in south-central part of Ta-
jikistan,” Opt. Atmos. Okeana 28 (3), 246–255 (2015).

41. S. F. Abdullaev, V. A. Maslov, B. I. Nazarov, U. Mad-
valiev, A. A. Dzhuraev, and T. Davlatshoev, “Dynam-
ics of the distribution of heavy metals and radioactive
isotopes in soil and dust aerosol samples from south of
Tajikistan,” Opt. Atmos. Okeana 27 (3), 207–214 (2014).

42. D. P. Gubanova, T. M. Kuderina, O. G. Chkhetiani,
M. A. Iordanskii, Yu. I. Obvintsev, and M. S. Artamon-
ova, “Experimental studies of aerosols in the atmo-
sphere of semiarid landscapes of Kalmykia 2. Land-
scape-geochemical composition of aerosol particles,”
Geofiz. Protsessy Biosfera 17 (3), 18–44 (2018).

43. O. Chkhetiani, N. V. Vazaeva, A. V. Chernokulsky,
K. A. Shukurov, D. P. Gubanova, M. S. Artamonova,
L. O. Maksimenkov, F. A. Kozlov, and T. M. Kuderina,
“Analysis of mineral aerosol in the surface layer over
the Caspian lowland desert by the data of 12 summer
field campaigns in 2002–2020,” Atmosphere 12, 985
(2021).

44. A. V. Andronova, V. M. Minashkin, M. A. Iordanskii,
I. A. Nevskii, M. Yu. Yablokov, Yu. I. Obvintsev,
B. . Zudin, Yu. N. Ivanov, V. A. Lebedev, and
N. P. Chizhikova, “Study of salt transport from new
drained areas,” in Proc. of the Intern. Conf. “Natural and
Anthropogenic Aerosol,” St. Petersburg, Septemver 26–
October 4, 1998 (Indtitute of Chemistry, SPbGU,
1998), p. 414–446 [in Russian].

45. A. I. Perel’man and N. S. Kasimov, Landscape Geo-
chemisty (Astreya-2000, Moscow, 1999) [in Russian].

46. V. V. Dobrovol’skii, Terrestrial Biochemistry. Selected
Works. Vol. III (Nauchnyi mir, Moscow, 2009) [in Rus-
sian].

47. A. F. Stein, R. R. Draxler, G. D. Rolph, B. J. B. Stunder,
M. D. Cohen, and F. Ngan, “NOAA’S HYSPLIT atmo-
spheric transport and dispersion modeling system,” Bull.
Am. Meteor. Soc. 96, 2059–2077 (2015).

48. G. Rolph, A. Stein, and B. Stunder, “Real-time envi-
ronmental applications and display system: READY,”
Environ. Model. Software 95, 210–228 (2017).

49. www.arl.noaa.gov. Cited February 21, 2022.
50. M. V. Balahanov, “On the creation of a metrological

assurance system for the measurement of dispersion pa-
 6  2022



690 GUBANOVA et al.
rameters of aerosols and suspensions,” Al’manah
Sovremennoj Metrologii, No. 1, 185–232 (2014).

51. https://niki-mlt.ru/article/filtry-afa-analiticheskie-aero-
zolnye.html. Cited February 21, 2022.

52. V. K. Karandashev, A. N. Turanov, T. A. Orlova,
A. E. Lezhnev, S. V. Nosenko, N. I. Zolotareva, and
I. R. Moskvina, “Inductively coupled plasma mass
spectrometry in the elemental analysis of environmen-
tal objects,” Zavodskaya Laboratoriya. Diagnostika
Materialov 73 (1), 12–22 (2007).

53. V. I. Kudryashov, “Analysis of the elemental composi-
tion of atmospheric aerosols by physical methods,” in
Problems of Atmospheric Physics (SPbGU, St. Peters-
burg, 1997), no. 20, p. 97–130 [in Russian].

54. H. Erhardt, X-Ray Fluorescence Analysis. Application in
Factory Laboratories (Metallurgiya, Moscow, 1985) [in
Russian].

55. V. V. Vinogradova, “Influence of climate conditions on
the man in arid lands of European Russia,” Izv. Ross.
Akad. Nauk. Ser. Geografich., No. 2, 68–81 (2012).

56. A. N. Zolotokrylin, T. B. Titkova, and E. A. Cherenko-
va, “Humidification of drylands in European Russia:
The present and future,” Arid Ecosystems 4 (2), 49–54
(2014).

57. G. S. Golitsyn, I. G, Granberg, A. E. Aloyan, A. V. An-
dronova, V. O. Arutyunyan, B. V. Vinogradov,
E. B. Gabunshchina, G. I. Gorchakov, E. M. Dobrysh-
man, and V. M. Ponomarev, “Study of thermoconvec-
tive carryover of arid aerosol in the Black Lands of Kal-
mykia,” in Proc. of the Intern. Conf. “Natural and An-
thropogenic Aerosol,” St. Petersburg, Septemver 26–
October 4, 1998 (Indtitute of Chemistry, SPbGU,
1998), p. 342–348 [in Russian].

58. V. V. Ivanov, Ecological Geochemisty of Elements. Book 2.
Main p-elements (Nedra, Moscow, 1994) [in Russian].

59. A. P. Vinogradov, “Average content of chemical ele-
ments in main types of erupted crustal rocks,” Geo-
himiya, No. 7, 555–571 (1962).

Translated by O. Bazhenov
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 35  No. 6  2022


	INTRODUCTION
	OBJECTS, METHODS, AND OBSERVATION FACILITIES
	RESULTS AND DISCUSSION
	Mass Concentration of Near-Surface Aerosols
	Aerosol Particle Size Distribution Function
	Elemental Composition of Near-Surface Aerosol

	CONCLUSIONS
	REFERENCES

		2023-03-03T19:48:10+0300
	Preflight Ticket Signature




