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Purpose. One of the most pressing problems of large cities is air pollution resulting from presence of
various large and fine particles in the air. These micro-particles can be transported by the air currents
over considerable distances, as well as coagulate various substances also present in the atmosphere.
The purpose of the work is to study the content of particulate matter of 2.5 and 10 microns (PM2.5
and PM10) in the atmosphere of Sevastopol, as well as the processes affecting their concentration.
Methods and Results. During the period from February to June, 2020, the scientists of Marine
Hydrophysical Institute (MHI), RAS measured mass concentration of PM2.5 and PM10 in Sevastopol
using the “Atmas” dust analyzer. A total of 180 measurements of the micro-particle concentrations in
the air of Sevastopol were done, and 60 values of the PM2.5 and PM10 daily average concentrations
were obtained. To analyze the preferred aerosol type for the dates with high content of suspended
particles in the air, the CALIPSO satellite data were used. It is shown that the smoke recorded in
the Sevastopol atmosphere on 19.02.2020 could lead to increase of the PM10 particles concentration.
A day before the increased concentrations of suspended particles were revealed in the Sevastopol
atmospheric air, the CALYPSO satellite data on aerosol typing over the Black Sea had shown
predominance of the smoke aerosol in the atmosphere over the region under study.

Conclusions. The results of the investigation shows that in the atmosphere of Sevastopol, the cases when
the PM2.5 and PM10 particles contents exceeded the maximum permissible daily average concentration
by up to 3.4 times were detected. It was found that the main cause of air pollution with micro-particles in
Sevastopol was the transfer both of air masses from the deserts in the African continent and Asia and
the burning biomass aerosol (smoke). Air pollution with the PM10 particles caused by the local source,
namely soil excavation in immediate proximity to the air sampling point, was less significant.
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Introduction

Particulate matter (PM) is a widespread atmospheric pollutant. Its
concentration has significantly increased recently [1, 2]. Particulate atmospheric
matter is a mixture of organic and inorganic substances with a wide spatio-
temporal variability of physical and chemical characteristics [3]. Its most common
chemical components include sulfates, nitrates, ammonia and other inorganic ions
(sodium, potassium, calcium, magnesium and chloride ions, organic and elemental
carbon, crustal minerals, particle-bound water, metals and polycyclic aromatic
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hydrocarbons. Biological components, such as allergens and microorganisms, can
also be found in PM. Microparticles can be of natural (dust transfer, soil erosion)
and anthropogenic origin (soot, dust, micro-fragments of asphalt and rubber,
mineral salts (sulfates, nitrates) and heavy metal compounds) [4-8].

Operation of internal combustion engines, the combustion of various types of
fuel (coal, brown coal, heavy oil and biomass) in boiler houses, construction, many
types of production (especially the production of cement, ceramics, bricks and
smelting production), transshipment of bulk cargo (for example, grain) are
the main sources of particulate matter entry to the urban atmosphere [3]. The most
important feature of air pollution in modern cities is the almost complete
domination of emissions from vehicles and power plants. Under unfavorable
meteorological conditions (calm, fog, trapping layers and high air temperature),
contributing to the accumulation of harmful impurities, the concentration of
harmful substances can increase by 2-3 times [9, 10]. PM content variability in
the ambient air can also be seasonal and diurnal [11].

The indicators that are most often used to characterize PM are mass concentrations
of particles with a diameter of less than 10 um (PM10) and less than 2.5 um (PM2.5)
[1, 2]. For comparison, a human hair is about 100 microns in diameter.

PM2.5 is often referred to as fine particulate matter, also including ultrafine
particles less than 0.1 microns in diameter. In most part of Europe, PM2.5 accounts
for 50-70 % of the total PM10 volume [3]. PM with a diameter of 0.1 um to 1 pm
can remain in ambient air for many days and weeks and, accordingly, be subject to
long-range transboundary transport.

The amount of microparticles (PM2.5 and PM10) in the atmosphere and their
characteristics can be an important indicator of the ecological state of the natural
environment when exposed to human activities. Air quality in cities is currently
one of the most pressing environmental problems. Air pollution reaches critical
levels in most cities around the world. According to WHO estimates, air quality
indicators in the 20 largest cities in the world are several times higher than
the standards established by this organization. In the Russian Federation, about half
of the country's population lives in cities with the norms of ambient air pollution
being exceeded [12].

Directive 2008/50/EC of the European Parliament and of Council of 21 May
2008 on ambient air quality and cleaner air for Europe ! was adopted. It includes
the values of the limit levels (concentrations) of pollutants, as well as PM10 and
PM2.5, aimed to prevent or reduce the negative impact on human health and (or) on
the environmental state as a whole.

The mass PM2.5 concentration is a key parameter for estimating air quality
and air pollution effects on human health. According to WHO standards 2, the mean
annual PM2.5 level should be no more than 0.01 mg/m® and the mean diurnal

level should not exceed 0.025 mg/m?. The PM10 content in the atmosphere of cities

! Directive 2008/50/EC of the European Parliament and of Council of 21 May 2008 on ambient
air quality and cleaner air for Europe. Official Journal of the European Union, 11.6.2008, L 152/1,
51, pp. 1-44. Available at: https://eur-lex.europa.eu/eli/dir/2008/50/0j [Accessed: 10 May 2021].

2 European Evironment Agency. Air Quality Standards under the Air Quality Directive, and
WHO Air Quality Guidelines. (2021). [online] Available at: https://www.eea.europa.eu/themes/data-
and-maps/figures/air-quality-standards-under-the [Accessed: 10 May 2021].
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should not be more than: the mean annual — 0.025 mg/m?® and the average daily —
0.050 mg/m®. In 2021 the Russian Federation adopted softer regulatory values in
comparison with the EU Directive: the maximum permissible annual concentration
of PM10 is 0.040, PM2.5 is 0.025 mg/m? the mean diurnal — 0.060 mg/m3and
0.035 mg/m® respectively (SanPiN 1.2.3685-21). In accordance with the normative
document®, one-time concentrations are also standardized. Maximum single
particle concentrations are 0.300 mg/m* (PM10) and 0.160 mg/m? (PM2.5).

At the same time, regular monitoring of airborne dust content is carried out
only in large cities and on the territory of reserves [13]. A relatively accurate
estimate of PM10 is possible only in three large cities — Moscow, St. Petersburg
and Krasnoyarsk, where the constant monitoring of these particles in the ambient
air is carried out by city and regional environmental organizations [2]. Compared
to other countries, the observation network in Russia is underdeveloped and
informative “.

In 2016, WHO published a report on the PM10 and PM2.5 content in
the ambient air of 2,975 cities around the world °. This report indicates that
the ambient air quality depends to a certain extent on the socio-economic state of
the country. Particulate matter concentrations are higher in cities in Asian countries
(India, Pakistan, Afghanistan, China and Mongolia) and the Eastern Mediterranean.
However, the report did not consider such significant factors as the proximity of
cities to arid areas and traffic load. Droughts and intensive exploitation of pastures
lead to a reduction in vegetation cover in large areas of arid zones in Asia and
Africa and the removal of dust particles from them [2]. As a result of sand and dust
storms, dust can rise high into the atmosphere and be carried over long distances,
often moving across the oceans [14-17]. Each year, such storms carry into
the oceans an average of half a billion tons of minerals and nutrients, which,
coming from the atmosphere, can affect the primary production of the ocean,
including its coastal regions. This process triggers biogeochemical cycles in the
oceans, including the cycle of carbon, nitrogen, sulfur, phosphorus and silicon °.

Sevastopol is a city located on the Black Sea coast. As of January 1, 2020,
according to the data of the Office of the Federal State Statistics Service for
the Republic of Crimea and the city of Sevastopol (Krymstat), its population was
about 500,000 people; by mid-March 2020, according to the Government of
Sevastopol, there were more than 700,000. Activity of enterprises, the basing of the
Black Sea Fleet, as well as the operation of various types of transport (land, water
and air) have a significant impact on the air pollution level of the city.

3 Chief State Sanitary Doctor of the Russian Federation, 2021. On the Approval of Sanitary
Rules and Norms SanPiN 1.2.3685-21 "Hygienic Standards and Requirements for Ensuring the Safety
and/or Harmlessness of Environmental Factors for Humans™: Resolution No. 2. Available at:
https://docs.cntd.ru/document/573500115 [Accessed: 10 May 2021] (in Russian).

4 World Air Quality Index project team. Beijing Air Pollution: Real-time Air Quality Index
(AQI). 2021. [online] Available at: http://agicn.org/city/beijing/ [Accessed: 10 May 2021].

SWHO, 2013. Health Effects of Particulate Matter : Policy Implications for Countries in
Eastern Europe, Caucasus and Central Asia. Auvailable at:
https://www.euro.who.int/__data/assets/pdf_file/0006/189051/Health-effects-of-particulate-matter-final-
Eng.pdf [Accessed: 10 May 2021].

6 UNEP, 2020. Impacts of Sand and Dust Storms on Oceans: A Scientific Environmental Assessment
for Policy Makers: report. Available at: https://www.unep.org/resources/report/impacts-sand-and-dust-
storms-oceans [Accessed: 10 May 2021].
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In Sevastopol, works on measuring the particle size distribution of
the atmosphere was carried out by employees of the Sevastopol branch of the SOI
in 2015-2016. According to the published data, the highest values of the PM2.5
concentration in the ambient air were observed with winds from the eastern points,
which indicates a terrigenous source of their entry. Excess of the 24-hour average
limit values PM10 and PM2.5 was observed near the road [18, 19].

The present paper is aimed to study the PM25 and PM10 content in
the atmosphere of Sevastopol, as well as the processes affecting their concentration.

Materials and Methods

From mid-February to the end of June 2020, the mass PM2.5 and PM10
concentration was measured using the Atmas dust analyzer (produced in Russia).

The instrument operation principle is based on the charge of dust particles in
the corona discharge field, created by a high-voltage electrode and their subsequent
deposition on the dust sensor surface, used as a quartz piezoelectric element.
The dust meter directly measures the mass concentration. The analyzer allows
measurements in various modes (for example, express measurements (30 s)) or
select the exposure time. Measurement range of the mass concentration of dust is
0.1-150 mg/m?. The permissible error limit in the concentration range from 0.1 to
20 mg/m® is equal to + 20%. If the dust concentration in the air is more than
20 mg/m®, it is necessary to use a special diluent cartridge, thereat the error is
+ 25% (URL: https://ntm.ru/products/150/8342).

Concentrations of microparticles in the ambient air of Sevastopol were
measured three times a day; the duration of exposure and the averaging period of
PM2.5 and PM10 concentrations were 20 min. Every 5 seconds, single values of
the concentration of microparticles were recorded.

o SN SOSTAIL prype—am
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Fig. 1. Scheme of ambient air sampling points: 1 — at the roof of Marine Hydrophysical Institute,
2 — in Ostryakova Avenue, 3 — in Oktyabr’skoi Revolyutsii Avenue
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The main point of air sampling was at Marine Hydrophysical Institute (MHI)
in Sevastopol (Fig. 1) at an altitude of 40 m above the underlying surface. MHI is
surrounded by the Sevastopol Bay on both sides. As a result, this point can be used
as a reference one for detecting cases of microparticles entering the atmosphere
both from a local source and as a result of their transboundary transfer.

Measurements were also carried out in two other points of the city — in the area
of Generala Ostryakova Avenue, as well as of Oktyabr’skoi Revolyutsii Avenue
(Fig. 1). Both of these streets are characterized by significant car traffic, but during
the quarantine period the traffic was not so intense, which made it possible to avoid
additional air pollution. The air sampling point on Oktyabr’skoi Revolyutsii
Avenue was 35 m above the underlying surface, which corresponded to the height
of the sampling point in MHI. Ambient air samples at a point on Ostryakova
Avenue were taken at 10 m height.

For a more complete interpretation of the data obtained, it is advisable to use
information coming from optical instruments such as MODIS, CALIPSO, etc. [20].
In the present work, to analyze the predominant type of aerosol on days with
an increased PM content in the air, the CALIPSO satellite data was analyzed.
The principal purpose of CALIPSO is to carry out global measurements of aerosols
and clouds. Such measurements are needed for a better understanding of the impact
of aerosols and clouds on the climate system, as well as for improvement of
the ability to predict long-term, seasonal and interannual climate changes.
CALIPSO is paired with the US CloudSat (Cloud Satellite) system, a 94 GHz
nadir-directed radar that measures energy backscattered from clouds as a function
of distance. In CALIPSO, the type of aerosols is determined based on identification
by the AERONET cluster analysis method: smoke (burned biomass), dust,
contaminated dust (mixtures of dust and smoke), contaminated continental and
pure continental aerosol [21, 22].

Results and Discussion
In total, 180 measurements of the microparticles’ concentration in the air of
Sevastopol were carried out, 60 values of the mean diurnal PM2.5 and PM10
concentration were obtained. Average concentrations of microparticles in
the atmosphere at the sampling points for the period under study are presented in
the table.

Average PM10 and PM2.5 concentrations in the ambient air
of Sevastopol

Point of air sampling PM2.5, mg/m?3 PM10, mg/m?
MHI 0.016 0.024
Oktyabr’skoi Revolyutsii Avenue 0.016 0.024
Ostryakova Avenue 0.016 0.030
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During the measurements, the maximum one-time concentration of PM10 and
PM2.5 particles (the concentration obtained during sampling for 20 min) did not
exceed the established limit values. At the same time, the mean diurnal PM10 and
PM2.5 concentration exceeded the maximum permissible one only in single cases.
For example, on February 19, 2020, the PM10 concentration was 0.104 mg/m?, on
March 26, 2020 — 0.202 mg/m3, which is 1.7 and 3.4 times, respectively, higher
than the 24-hour average limit concentration.

15.05.2020 When analyzing the
CALIPSO satellite data

] e for 2020, obtained on days
] with increased PM
15 — Pttt concentrations, it was
] clean continental revealed that on February
- 19, 2020, smoke was
poliuted continental recorded in the
dust atmosphere of Sevastopol,
L which could lead to an
”ym merne increase in the PM10
N/A = notapplicale  CONCENtration. The
CALIPSO satellite data on
41.94 Lat,, © the aerosol typing over the
" i s Black Sea a day before the
g d prp S o detection of increased PM
concentrations in  the
ambient air of Sevastopol
Fig. 2. CALIPSO satellite data on the aerosol typing over the showed the prevalence of
Black Sea for February 18, 2020 smoke in the atmosphere
over the region under

study (Fig. 2).

According to the Ventusky application (URL: https://www.ventusky.com),
the intense source of PM10 transport for 19.02.2020 was in Azerbaijan
(the Caspian Sea region), which is confirmed by 7-day back-trajectories according
to the AERONET data (transport at three heights from the east). The MODIS
satellite data on thermal anomalies in the Black Sea region did not reveal an intense
source of smoke. Thus, the transfer of this aerosol type from the territories more
distant from the considered region is confirmed.

When analyzing the data on the trajectories of air masses for March 26, 2020,
an intense transport of dust aerosol from the Kaplankyr reserve (Turkmenistan)
was revealed (Fig. 3).
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F i g 4. Dust aerosol transport over the Black Sea region according to the Ventusky data for
March 26, 2020 p

PM10 particle concentrations were also analyzed using the Ventusky data.
The main weather data providers for the Ventusky app are DWD and NOAA.
In accordance with Fig. 4, on March 26, 2020, an abnormally high concentration of
PM10 particles was recorded in the ambient air of Sevastopol, which were
transported by the surface wind of an eastern direction.
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This transfer, most likely, became the reason for the Sevastopol air saturation
with dust particles 10 pum sized.

In some cases, as a result of the measurement, it was found that the mean
diurnal concentration of microparticles didn’t exceed the 24-hour average limit
concentration so significantly — the PM2.5 concentration reached 0.048 mg/m?®, and
PM10 - 0.094 mg/m® (which is 1.5 and 1.6 times higher than the limit values,
respectively).

The certified lower limit of measurement of the analyzer used for these
particles is 0.1 mg/m®. However, the verification certificate indicates that
the verification was carried out in the full range using the state working standard of
the mass concentration of particles in the range of values from 0.01 to
10000 mg/m?. Hence, the obtained concentration values can serve as an indicator
characteristic of ambient air pollution with PM.

This data shows that with a certain character of meteorological parameter
variability, favorable conditions for increasing the concentration of the studied
particles of atmospheric aerosol are formed. Almost all cases of an increase in
the PM2.5 and PM10 concentrations were detected with a wind speed of 4—7 m/s.

18.02.2020 To determine the sources of
30 atmospheric aerosol, the 7-day
] sulfate/other back-trajectories of air mass
] voloanic ash were analyzed according to the
25 AERONET and HYSPLIT data.
] PSC aerosol It was found that the dates when
. 20 ] dusty marine the increased PM concentrations
P elevated smoke in the air were recorded coincide
g with the periods of dust aerosol
< 157 polluted dust transport from the African
] clean continental and Asian  deserts  towards
10 the Black Sea region. For

| poliuted continental/smoke R
] example, on May 15, 2020 (Fig.
] dust 5), May 28, 2020, and from June
5] j marine 4 to June 5, 2020, dust transport
] "o was determined, while the mean
] ' A= notapplestie diurnal PM2.5 concentrations

o- :
] . . were 0.037-0.048 mg/m*® and
pped Seie o PM10 - 0.069-0.094 mg/m®.

F i g. 5. CALIPSO satellite data on the aerosol typing
over the Black Sea for May 15, 2020

Increased PM10 concentrations were also noted on February 27, 2020,
the mean diurnal concentration was 0.075 mg/m®, which 1.25 times exceeds
the 24-hour average limit concentration. On this day the southwestern wind of
5m/s prevailed. Wind direction indicates a possible source of dust —
the construction site near MHI associated with soil extraction (Fig. 6), which could
lead to the PM10 level increase in the atmosphere.
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Fig. 6. Construction site near Marine Hydrophysical Institute

According to the analysis of the 7-day back-trajectories of air mass, no dust
outflows were recorded either from the Sahara Desert or from Asia on this and
several previous days. This confirms the local origin of air pollution source at
the sampling point.

On the preceding and following days, the wind during sampling predominantly
was of the western or eastern direction with a speed of 2-3 m/s. As a result,
microparticles entering the ambient air from the construction site did not reach
the sampling point. PM10 concentrations on these days averaged 0.01-0.03 mg/m®.
It can be concluded that the impact of a local source of atmospheric air pollution
largely depends on local meteorological conditions, namely, on the wind direction.

It should be noted that in the case of atmospheric precipitation on days with high
PM concentrations in the air, an increased content of nutrients (inorganic nitrogen,
phosphates and silicon) was determined. A significant excess of the background
concentrations of these nutrients was also observed in the surface layer of the
Sevastopol Bay. This situation under certain conditions (for example, in the case of
stable summer stratification) can lead to outbreaks of phytoplankton blooms and
a possible decrease in the oxygen content in seawater.

Conclusions
During February — June 2020, the PM2.5 and PM10 content in the atmosphere
of Sevastopol was analyzed. Features of the air pollution variability with PM10 and
PM2.5, due to both long-range transport of air masses and local meteorological
conditions, were revealed.
As a result, the dates when the mass PM10 concentration exceeded
the maximum permissible concentration more than three times were determined.
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During comprehensive analysis of the data obtained, it was revealed that most
cases of exceeding the 24-hour average limit concentrations are due to the long-
distance transport of air masses from the African and Asian deserts, as well as
the transport of smoke.

At the same time, cases of less significant PM10 and PM2.5 concentrations,
caused by local sources of dustiness in the atmosphere, were identified. The wind
direction on these days indicates a possible source of dust — ground works in
the immediate vicinity of MHI. When the wind direction changed to the west or
east, the concentration of microparticles in the ambient air in the sampling area
decreased. It is assumed that the intensity and duration of the impact of a local
source of atmospheric air pollution is largely determined by meteorological
conditions at the sampling point, mainly by the wind speed and direction.

The research results are preliminary, and work in this field is planned to be
continued in the future.
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