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Overview

We carry out our observations all around a year, but every season during 35-40 days we
intensify our experiment, and see daily elemental composition of aerosol and element
dispersion by particle size.

There are both anthropogenic and natural aerosols in the city.
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Element concentrations (C) and enrichment
factors (EF). In the Spring of 2020.
The elements with EF>10 are considered as
anthropogenic ones.
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Element dispersion by aerosol particle size in

the order (from left to right) of elemental mass

increase on the particles PM, : —in blue tones.
The sizes (um) are in the legend.

next >




The meteorology strongly influences on aerosol concentrations and
properties,
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also changing elemental composition

Correlations of daily values of
meteoparameters (pressure P, rel. humidity U,
and temperature T) and aerosol mass
concentration (M) in near-surface atmosphere
1 in the Spring of 2020 during 40 days
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Aerosol removal as the humidity increases, different rates for: a — particles PM,, and PM, ¢;

b — elements Cd and Se (for example)




Moscow is the megacity with its own local sources of aerosols
of different genesis, as well there are episodes of different aerosol inputs by
atmospheric transport from other regions

Air mass transport
trajectories (dotted black
curves) to Moscow and fire
locations around the city:
a— March 26, 2020;

b - March 28, 2020.

Air mass transport
trajectories (dotted
black curves) to
Moscow and maps
of dust surface
mass
concentration
around the city
October 10-12,
2020.

And finally, we analyze all these conditions and their manifestations in aerosol elemental composition
in different days and seasons of 2019 and 2020
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Methods and approaches
Methods.

Sampling was in the center of Moscow (courtyard of the IAP RAN), at about 2 m above the
ground, every day. Analysis was by MS-ICP method, 25 chemical elements out of 60 were
studied in detail. Observation periods are through 35-40 days in the middle of each season of a
year from the Autumn 2019 to the present. Elemental distributions by aerosol particle size
were analyzed by 6-cascade impactor with particlesizes from <0.5 ym to > 6 um.

Monitoring of aerosol particles PM,,and PM,c is carried out with time resolution 5 min all year
around.

Parameters and approaches:

Elemental composition — every day — absolute and relative (in %) values. Seasonal variations.
Element enrichment factor (EF) in comparison with the Eath’s crust, its correlation with the
element concentration for different elements and seasons.

Atmospheric meteorological parameters (temperature T, rel. humidity U, pressure), their
influence on elemental composition. Deposition rates for the elements of different aerosol particle
size with humidity increase.

Episodes of external influence: high elemental concentrations because of long-range transport
of polluted aerosol from the other regions (for example, from natural/anthropogenic fires).
Conditional background (BG) — elemental composition averaged only for days without any
obvious high load on the city air composition (from inside sources or outside ones).

<vack x>




Aerosol complex experiment: methods and tools

Devices, equipment, methods

v' Aspiration aerosol samplers onto analytical filters of
AFA type for gravimetric and chemical analysis, as
well for elemental analysis by atomic emission
spectrometry with inductively coupled plasma (ICP-
AES);

v' Aerosol sampling device for studying the
morphological structure and chemical composition of
particles by scanning electron microscopy (SEM);

v' 6-cascade impactors with hydrophobic filters for
studying the element dispersion by aerosol particle
size in intervals of diameters: > 6.5 ym; 4.0-6.5 pm;
2.5-4.0 ym; 1.5- 2.5 ym; 0.5-1.5 ym; < 0.5 pm;

v' The equipment for determining the microphysical
parameters of aerosol particles using the laser
spectroscopy method including laser aerosol
spectrometer (LAS-P) and optoelectronic aerosol
spectrometer (OEAS-05)

Internet resources Detailed information about aerosol complex experiment in IOP RAS:
> I\/Ieteorology (https://rp5.ru, Gubanova D.P., Elansky N.F., Skorokhod A.l., et all. 2020 IOP Conf.

https://mwww.windy. com/ru)' Ser.: Earth Environ. Sci. 606 012019
>The data of Budgetary Iénvironmental Protection DOI: https://doi.org/10.1088/1755-1315/606/1/012019

- « o Gubanova D.P., Vinogradova A.A., lordanskii M.A. and Skorokhod A.I.
Institution “MOSECOMONITORING Izvestiya, Atmospheric and Oceanic Physics 57 (3) (in Press)
(https://mosecom.mos.ru); DOI: 10.31857/S0002351521030056

»NOAA HYSPLIT (https://www.ready.noaa.qov/);
»MERRA-2 https://giovanni.gsfc.nasa.qgov/giovanni/) < back Home next >
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The meteorology strongly influences on aerosol concentrations and
properties, also changing elemental composition

Aerosol removal as the humidity increases, different rates for: a — particles PM,, and PM, ¢;
b —elements Cd and Se (for example)
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aerosol mass concentration (M) in near-surface atmosphere in the Spring of 2020 during 40 days

<_ back

next >




Anthropogenic and natural aerosols

1000

100 A

10 -

0.1

0.01 +

0.001 H

0.0001 A

We carry out our observations all around a year,
but every season during 35-40 days we
intensify our experiment, and see daily

elemental composition of aerosol and element
dispersion by particle size.
There are both anthropogenic and natural
aerosols in the city.

0.00001

Element concentrations (C) and enrichment factors

(EF). In the Spring of 2020.
The elements with EF>10 are considered as
anthropogenic ones.

Enrichment factor

EF = (Ce / CLa) aerosol sample / (Ce / CLa) earth crust.

EF <10 (elements of terrigenous origin),
EF > 10 (elements of technogenic origin)
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Element dispersion by aerosol particle size in the
order (from left to right) of elemental mass increase
on the particles PM,; —in blue tones. The sizes
(um) are in the legend.
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Observation periods:

Seasonal variability of elemental composition

Summer (10.06.-09.07.2019.)

Autumn (02.10.-13.11.2019.)

Winter (10.01.-16.02.2020.)

Spring (25.03.-04.05.2020.)
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Aerosol particle morphology
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irregular-shaped
aluminosilicate soil
particles with the addition
of anthropogenic elements

il round particles of the
thermocondensation type
with traces of metals

soil particles of lay ucture
with an admixture of salts

agglomerates of nanoparticles of layered structure large solid soil particles

Structure and composition of suspended particle Particle size The source type
Aluminosilicate soil particles of regular round shape with an admixture of Gas asphalt vehicle |[railways | City
carbon and nitrogen /or with an admixture of metal salts stations | concrete plant center
Agglomerate of nanoparticles of friable or layered structure PM; + + +
Round or oblong soot particles / soot particles with added sulfur PM, 5 i +

Solid soil particles / or with the addition of soot and metal impurities PM, 5 + + +
Aluminosilicate soil particles of regular round shape with an admixture of carbon | PM, s; PMs + + +
and nitrogen /or with an admixture of metal salts

Irregular-shaped aluminosilicate soil particles PM, s; PMs + +
Round particles of the thermocondensation type with traces of metals PM; + +

Fractal aggregates of soot particles with an admixture of sulfur, iron, and chlorine | PMs +

Silicate particles with traces of metals of anthropogenic origin (iron, nickel, | PMs + + +
copper, zinc, molybdenum, manganese, chromium, etc.)

Irregular-shaped aluminosilicate soil particles with the addition of anthropogenic | PM;, + + + +
elements (with an admixture of sulfur, salts and traces of metals/ or with an

admixture of sulfur, carbon and metal salts)

Soil particles of layered structure with an admixture of salts PM;, + e
Solid particles of thermocondensation type PM;, +

Soil particles with impurities of anthropogenic elements (metal salts/ and lead) >10 um + +

The morphological structure of the particles indicates a predominantly
soil-based, technogenic, or mixed nature of urban surface aerosols.

The main anthropogenic sources of small particles (up to 5 microns in
diameter) are transport, automobile and railway traffic and gas stations
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The Moscow metropolis is a powerful generator of aerosol particles. The density of building development,
the sealing of the ground with asphalt-concrete pavement, the special conditions of the wind regime, the
presence of a "heat island" and many different local anthropogenic sources affect the composition and
variability of the urban surface aerosol.

The results of the study of aerosol elemental composition revealed significant values of mass
concentrations of a number of terrigenous elements , heavy metals and sulfur in Moscow in 2019-2020.
Seasonal variability of the elemental composition is manifested in concentration decrease for most
elements in winter compared to other seasons. This is due to the peculiarities of natural sources and
underlying surface. However, enrichment factors of heavy metals (Cu, Zn, Mo, Cd, Sn, Sb, W, Hg, Pb, Bi) in
winter reach the highest values, which indicates an increase in anthropogenic emission contribution
(enterprises of the fuel and energy complex, motor transport). For terrigenous elements, the absolute
values of enrichment factors and their seasonal changes are small.

Synoptic and meteorological conditions have a decisive influence on the level of aerosol pollution of the
atmosphere in Moscow. In particular, the highest values of the total mass aerosol concentration and the
mass concentrations of individual elements contained in the aerosol were recorded in the spring and
autumn of 2020 during anticyclonic activity. Data analysis showed that in March-April, there was a regional
transport of smoke aerosols to the Moscow region from areas with numerous biomass fires. In October
there was observed long-range transport of dust aerosol from arid regions of Southern Russia to Moscow
region. Point urban anthropogenic sources have a significant impact on the daily pattern of surface aerosol
parameters and the spatio-temporal distribution of its concentration field in the Moscow metropolis.

During the lockdown because of the COVID-19 pandemic, in the spring of 2020, adverse weather conditions
significantly affected the seasonal and day-to-day variability of the composition of surface aerosol in
Moscow. The forced decrease in anthropogenic load at this time caused smoothing out the daily profile of
aerosol concentration due to illegibility of a daily maximum concentration. Nevertheless, it did not
significantly affect the more long-period variations in characteristics of the surface aerosol.

The reported study was funded by RFBR,
projects ## 19-05-00352 and 19-05-50088 <_back Home




