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Abstract—Information on the ozone concentration in the surface air and troposphere in the first half of 2020
is presented. The data were acquired at 13 stations in different Russian regions; vertical distributions were
obtained with the use of an aircraft laboratory. The excess over the Russian Federation hygienic standards is
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tration in the period under study different from previous years.

Keywords: atmosphere, vertical profile, air, concentration, ozone, maximum permissible concentration, sur-

face layer, boundary layer
DOI: 10.1134/S1024856020060184

INTRODUCTION

Ozone is a first hazard class substance according to
hygienic standards. In the surface air layer, it interacts
with biological and human-made objects and shows its
toxic propertiecs. Ozone in high concentrations
strongly inhibits the vital activity of plants and nega-
tively affects human beings. As shown by biological
and medical studies [1—3], ozone in the troposphere is
a potent poison and has such properties as mutagenic-
ity, carcinogenicity, and a radiomimetic effect (the
effect on blood similar to that of ionizing radiation), in
addition to general toxicity, in terms of which ozone is
superior to hydrocyanic acid. Ozone is also a powerful
oxidizer which destroys rubber and gum, oxidizes
many metals, even of the platinum group [4]. Having
a long lifetime in the atmosphere (from several days to
several months) and strong radiation absorption lines,
tropospheric ozone can play a significant role in the
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greenhouse effect. According to estimates [5], its con-
tribution to the total air heating due to the solar radia-
tion absorption by greenhouse gases exceeds 8%.

An extremely dangerous consequence of high
ozone concentrations is smog events in cities. The first
smog event was recorded in Los Angeles [6]. A more
detailed analysis carried out later [7] showed that the
main source of ozone-forming substances were emis-
sions from vehicles. Since then, photochemical smog
has become common in industrialized cities in the
world. To get rid of air pollution due to all kinds of
emissions in the megalopolis of Mexico City, the
household sector and transport were modified to run
on gas. That measure decreased the concentration of
suspended particles (one of the components of urban
pollution), but caused dangerously high concentra-
tions of tropospheric ozone [8]. According to [9], Rus-
sia can repeat the sad experience of Mexico City.
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Table 1. Russian stations where surface ozone concentration is measured

. . . . Altitude
Station Region Type Latitude | Longitude above sea level, m
OPTEC-PR Leningrad region Background 60°42°59” |30°03"24” 40
OPTEC-P St. Petersburg Urban 59°56727” |30°15°14” 8
OPTEC-N St. Petersburg Urban 59°5523" | 30°23'17” 1
Karadag SBEM Crimean Peninsula | Background 44°55 35°14 180
Obninsk Kaluga Region Urban 55°05°48” |36°3636” 175
RUDN Moscow Urban 55°42'37” | 37°36"78” 149
ACAP “Maryino” Moscow Urban 55°39°14" | 37°44’58"” 135
ACAP “Gagarin Square” Moscow Urban 55°42'31" | 37°34°57"” 120
KHMSS Northern Caucasus | High mountain | 44°41°31” |43°39°40” 2096
Vyatskie Polyany Kirov Region Background 56°13’33” |51°03’56” 74
Fonovaya observatory Tomsk Region Background 56°25°07” | 84°04'27” 80
TOR Tomsk Region Suburban 56°28’41” | 85°03"15” 133
Ulan-Ude Buryatia Suburban 51°86’79” | 107°86"71"” 523

The world community estimated the scale of the
problem of tropospheric ozone and the need to elimi-
nate its high concentrations in the air long ago. Tropo-
spheric ozone is considered the main air pollutant in
the United States, Mexico, Canada, and Western
Europe. Therefore, ozone is monitored there both in
background and urban conditions. Ozone is studied by
hundreds of teams from scientific institutions, envi-
ronmental organizations, and universities. Ozone pol-
lution is of a transboundary nature; therefore, there
are international agreements for ozone monitoring,
analysis of effects, and information about sources of
emissions of tropospheric ozone precursors, e.g.,
within the Convention on Long-Range Transbound-
ary Air Pollution. The Russian Federation (RF) is a
party to this Convention, but has not yet ratified the
Protocol to Combating Acidifying, Eutrophying, and
Ground-level Ozone (1999 Goteborg Protocol;
https://www.unece.org/fileadmin/AM /env/Irtap/full %
20text/1999.Multi.R.Amended.2005.pdf). The popu-
lation of many countries is informed about the current
surface ozone concentrations and expected in the
coming days (e.g., https://www.academia.edu/7747737/
Global _Ozone_ Project Curriculum_for GO3_Project).
State emergency authorities included ozone in the list
of objects for rapid response. Therefore, any new
information about ozone is relevant.

The problem of tropospheric ozone did not find a
proper public and scientific response in Russia. Sur-
face ozone is monitored by state organizations in a few
large cities: Moscow, St. Petersburg, Kazan, Tomsk,
Krasnoyarsk, Sochi, Apatity (Murmansk region), and
Ulan-Ude (Table 1), as well as at initiatively organized
stations (Obninsk and Vyatskiye Polyany), within
international projects [10].

The purpose of a series of publications planned,
including the present review, is to inform the scientific
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community about the surface ozone content, the rea-
sons for its variability, and the conformity of the ozone
concentrations recorded at different monitoring sites
to the RF hygienic standards.

1. STATIONS AND TOOLS USED

There is no unified state system for ozone monitor-
ing in the Russian Federation. The surface ozone con-
centrations were measured by groups of enthusiasts
without centralized funding, but with funds from dif-
ferent sources, at almost half of sites given in Table 1.
Hence, different instruments and approaches were
used. In this section, we provide a detailed description
of the Russian stations, where surface ozone concen-
tration is measured, and of the tools used and calibra-
tion procedures.

The stations can be divided into three types by their
location: urban, including traffic, suburban, and back-
ground. The station types and coordinates are given in
Table 1 in descending (from west to east) longitude.

OPTEK-N station is located in St. Petersburg,
near the Alexander Nevsky Lavra. The sampling probe
of the station is fixed at an altitude of 2.5 m above the
ground. OPTEK-P station is also located in St. Peters-
burg, on Vasilyevsky Island. Its sampling probe is fixed
at an altitude of 16 m above the ground. OPTEK-PR
station is in the Leningrad region, at Gromovo station,
Priozersky district. The sampling is carried out at an
altitude of 2.5 m. Commercially produced 3.02P-A
chemiluminescent analyzers are used for measuring
ozone at all these stations. The surface concentration
of the metastable oxygen form 1Ag(OQ) has also been
measured at the OPTEK-PR station with an analyzer
model 102 for several years. The surface concentra-
tions of NO, NO,, SO,, CO, PM10, PM2.5 and PM1.0
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are also monitored at OPTEK-N and OPTEK-P sta-
tions. The atmospheric monitoring stations include
AIIS-VP22 meteorological complexes (based on a
Vantage Pro-2 weather station) for measuring meteo-
rological parameters. All measuring tools at the sta-
tions are certified and annually verified. A typical
OPTEK station is described in detail in [11].

The Karadag State Natural Reserve is located at
the Karadag Mountains on the southeastern Crimean
coast at a considerable distance from sources of indus-
trial emissions. The Karadag scientific station of back-
ground environmental monitoring (SBEM)—a Natu-
ral Reserve of the Russian Academy of Sciences, a
Branch of Kovalevsky Institute of Biology of the
Southern Seas, Russian Academy of Sciences—is situ-
ated on the territory of the Reserve, on the northeast-
ern slope of Svyataya Mount, in an oak-pistachio
sparse forest with elements of herb-grass communi-
ties, including rare and endemic species. There are
artificial plantings of Crimean pine and oak-horn-
beam forest in the immediate vicinity of SBEM. The
distance to the nearest settlement Koktebel is about
1.5 km. The station is separated from the sea by the
Kok-Kaya ridge (320 m above sea level).

An APOA-370 optical gas analyzer (HORIBA,
Japan) is used to measure the surface ozone concen-
tration at the Karadag SBEM (the principle of opera-
tion is based on absorption in the UV region). Sam-
pling is carried out with the use of Teflon tubes at an
altitude of 2 m. The gas analyzer is calibrated monthly
using an APMC-370 generator (HORIBA) and is cal-
ibrated annually at the Mendeleev All-Russian
Research Institute of Metrology (VNIIM), St. Peters-
burg. The meteorological parameters are measured by
TROPOSPHERE-N (Ukraine) and WS-600 (Ger-
many) weather stations [12].

The Obninsk station is located within the boundar-
ies of Obninsk—the first science city in the Russian
Federation. Perhaps, it should be classified as a subur-
ban station, because there are no large industrial
enterprises, and the regional centers (Moscow and
Kaluga) are located at a distance of ~100 km. Air sam-
pling is organized at an altitude of 2.5 m. An F-105
optical gas analyzer (OPTEK, St. Petersburg) is used
for the analysis of surface ozone concentrations; it is
calibrated in accordance with the schedule. The mea-
surements are carried out in the continuous (around-
the-clock) automatic long-term monitoring mode;
one-time 20-minute values are initial data. In addition
to surface ozone concentrations, NO, NO,, CO, CH,,
SO,, H,S, NH;, and hydrocarbons, the mass concen-
tration of aerosol particles of different size, and main
meteorological parameters are measured at the station.

The automatic station for monitoring surface ozone
and its predictors and measuring main meteorological
parameters was organized at the end of 2019 at the Peo-
ples’ Friendship University of Russia (RUDN) at the
center of Moscow, within the Third Ring Road, with
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the participation of Prokhorov General Physics Insti-
tute, Russian Academy of Sciences. The station is sur-
rounded by buildings, several squares, and boulevards;
highways, which are the main sources of ozone pre-
cursors, are at a distance of no less than ~1 km (the
Garden Ring Road, Leninsky Prospect, Varshavskoye
Shosse, and the Third Transport Ring); there are no
industrial facilities within 1 km.

In addition to surface ozone, NO, NO,, CO, CH,,
and hydrocarbons are monitored; the mass concentra-
tion of aerosol particles of different size and main
meteorological parameters are measured. A 3-02P
chemiluminescent gas analyzer, developed and manu-
factured by OPTEK, is used for ozone measurements.
Air sampling is carried out in the courtyard of the
RUDN complex from an altitude of ~5 m through
standard Teflon samplers, which are part of analytical
equipment. The measurements are carried out in the
continuous monitoring mode. The current values of
the parameters measured are recorded once a minute
and stored in a database.

A regional environmental monitoring network of
Mosecomonitoring, which is an authorized environ-
mental monitoring organization of the city of Moscow
(https://mosecom.mos.ru/), operates in Moscow.
The surface ozone concentration (SOC) is hourly and
around-the-clock measured at 17 stations for auto-
matic control of atmospheric pollution (ACAP). The
20-minute average values are recorded in the data-
base, which allows the measurements to be matched
with one-time maximum permissible concentrations.
All Mosecomonitoring stations are equipped with
high-precision up-to-date instruments, which are
included in the State Register of Measuring Instru-
ments and certified by the State Metrological Service
(https://mosecom.mos.ru/novosti-i-publikacii/2020/
06/mosekomonitoring-provodit-masshtabnuyu-zamenu-
13-stancij-kontrolya-atmosfernogo-vozduxa/). Ana-
lytical materials on the state of the environment in
Moscow are annually reported (https://www.mos.ru/
eco/documents/doklady/view/). In this review, we
present observations from two ACAP stations spaced
~11 km away: urban (in Maryino) and traffic (on
Gagarin Square).

The Kislovodsk High Mountain Scientific Station
(KHMSS) was created in the late 1970s by the Obuk-
hov Institute of Atmospheric Physics, Russian Acad-
emy of Sciences (IAP RAS, Moscow), on a high-alti-
tude plateau to study the atmosphere and to develop
research methods. The nearest populated area is not
industrial; the nearest town (20 km away) Kislovodsk
is a resort. The vast Shadzhatmaz plateau, located to
the north of the Greater Caucasus Mountain Range, is
covered with alpine and subalpine meadows. There is
a canyon to the south of the plateau, and a nature
reserve stretches to mountains of the Side Range of the
Caucasus; this territory is depopulated. Elbrus (5642 m
above sea level) is 46 km from the KHMSS. A highway
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was recently built 1.5 km east of the station. Due to the
topography, KHMSS is in the free troposphere most
of the time. The Greater Caucasus Mountain Range is
located almost along the air mass transfer, which is
mainly zonal at this altitude; therefore, the lifting
effect is significantly weaker as compared to that
observed at European high mountain stations.

Continuous measurements of surface ozone with a
Dasibi 1008-AH network ozone gas analyzer (Envi-
ronmental corp., United States) began in 1989. Min-
ute values are automatically recorded around the
clock. The air sampling is carried out at an altitude of
4 m using standard Teflon tubes, which are regularly
cleaned. The gas analyzer is calibrated at VNNIM.
The ozone measurements were accompanied by mea-
surements of surface concentrations of NOx (with a
Model 42C-TE TRACE Level NOx Analyzer), CO
(Horiba Ambient CO Monitor APMA-360), and
some aerosol characteristics for a long time. Two
meteorological stations (DAVIS) currently operate;
they require maintenance and calibration. An IR spec-
trometer of IAP RAS measures the total content of CO
and H,0, and ORIEL complex, the total content of
NO,. Total ozone content has been measured with a
Brewer N 43 network spectrophotometer since 1989.
The KHMSS enters the World Ozonometric Network
(no. 282).

The atmospheric air monitoring station Vyatskiye
Polyany was created in Vyatskiye Polyany town, in the
south of the Kirov region. It is located at a consider-
able distance from the nearest industrial centers:
97 km from Naberezhnye Chelny, 131 km from
Kazan, 148 km from Izhevsk, and 277 km from
Vyatka. There are no industrial enterprises with gas
emissions in the town and the region, and the air back-
ground is formed due to local motor transport and
regional transport. A 3.02 PA chemiluminescent gas
analyzer is used to measure surface ozone concentra-
tions. The manufacturer calibrates the analyzer annu-
ally using the 1st grade working standard and monthly
using a GS-024-2 generator. The measuring complex
is mounted in a room on the fourth floor of a residen-
tial building in the park area; air is sampled through a
Teflon tube at an altitude of 10 m.

The TOR station is an automatic post located on
the north-eastern outskirts of the Tomsk Akademgoro-
dok. There are no industrial facilities and highways
near the station; there is a small deciduous and conif-
erous forest around it. The post is affected by the air
passing through Tomsk and polluted by industrial and
vehicle emissions when air masses are transported
eastward. In other cases, air comes from background
areas. A 3-02P chemiluminescent gas analyzer is used
for ozone measurements. Air is sampled through Tef-
lon tubes at an altitude of 5 m. Measurements at the
post are carried out hourly and around the clock. The
readings are made at a frequency of 1 Hz, the 10-min-
ute average values are determined.
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The monitoring station of the Fonovaya Observa-
tory is located on the right (eastern) bank of the Ob
river, 60 km west of Tomsk. The territory between the
station and Tomsk is covered mainly by coniferous
trees, and immediately near the station, by mixed
forest (birch, aspen, and pine). There is a 44-m high
mast at the station. Air is sampled through Teflon
tubes at altitudes of 10 and 30 m. A TEI model 49C
UV ozone analyzer (United States) is used for the
measurements, which are carried out hourly and
around the clock. The readings are made at a fre-
quency of 4 Hz, and 10-minute average values are
determined. The ozone analyzers at the TOR station
and at the Fonovaya Observatory station are cali-
brated weekly using a GS-024-2 generator.

A surface ozone monitoring post was organized in
a suburb of Ulan-Ude, 30 km east of the city center, in
the second quarter of 2020. The post is located in the
Udinskaya intermountain depression on the above-
floodplain terrace of the Uda river. There are wetlands
to the north. Air samples for determining the surface
ozone concentration are taken at an altitude of 2 m
using Teflon tubes; measurements are carried out with
a 3.02 PA chemiluminescent gas analyzer. Calibration
and zero setting are automatically carried out using
built-in microflow sources by gas analyzer processor
commands. To control the measurement error, the gas
analyzer is periodically calibrated using a Mod. 8500
Monitor Labs calibrator.

2. MEASUREMENT RESULTS
2.1. Surface Air

We start the analysis with urban stations located in
highly populated regions, since high ozone concentra-
tions negatively affect human health. There are six
such stations in our survey: two in St. Petersburg, three
in Moscow, and one in Obninsk (Fig. 1).

An increase in the ozone concentration from the
cold to the warm season is observed at all urban sta-
tions, in both the daily average and daily maximum
values. Figure 1 also shows periodic fluctuations of
both parameters due to synoptic processes and fluctu-
ations in the level of surface air pollution [13—16].

The winter surface ozone content is generally low
in Moscow, with insignificant day-to-day fluctua-
tions. Beginning from March, the surface air layer is
intensively replenished with tropospheric ozone due to
the intensification of tropospheric-stratospheric
exchange, and the surface ozone concentration and its
daily amplitude increase [16]. These characteristic
seasonal differences in the surface ozone concentra-
tion were quite pronounced in the first half of 2020
(Figs. 1c—1e).

The average SOC over the first half of 2020 was
40 ug/m3 at ACAP Maryino (urban station) and
30 ug/m* at ACAP Gagarin Square (urban, traffic);
and 29 and 25 ug/m?, respectively, over the period
Vol. 33
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Fig. 1. Daily average (gray curve) and daily maximum (black curve) ozone concentrations in the surface air at (a) OPTEK-P,
(b) OPTEK-N, (c) RUDN, (d) ACAP Maryino, (¢) ACAP Gagarin Square, and (f) Obninsk stations.

from January to March. Significantly higher differences
in SOC at stations of different types were observed in
April—June: the daily average SOC for these months
was 50 pg/m? at the urban ACAP and 34 ug/m? at the
traffic ACAP. The data presented confirm the high
spatial inhomogeneity of the surface ozone field,
which is characteristic of the megalopolis. Spatial
variability of the daily maximum surface ozone con-
centration (SOC,,,,) is significantly stronger: the aver-
aged SOC,,,, at the traffic station was lower by almost
10 ug/m?3 than at the urban station in the first quarter
of 2020, and by ~25 pug/m~ in the second quarter.
Some days, in the second decade of June during heat
waves with an increase in daytime temperature to
+28—31°C, the differences between the daily maxima
at the ACAPs under study exceeded 50 pug/m?.

A similar dynamics of ozone concentration was
recorded in Obninsk (Fig. 1d), though there were
some differences. The daily average ozone concentra-
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tion started decreasing against an increase in the max-
imal values in late May—June. The relative proximity
to Moscow is also reflected in the temporal variations.

Four stations are background: OPTEK-PR,
Karadag SBEM, Vyatskiye Polyany, and the Fonovaya
observatory. The measurements at these stations are
shown in Fig. 2.

One can see in Fig. 2b that SOC,,,, = 142 ug/m? for
the first half of the year was recorded at the Karadag
SBEM at 01:00 on May 16. This nighttime SOC max-
imum can be explained only by the ozone sink from
the upper to the lower atmosphere. During the passage
of a front on June 21, the ozone concentration sharply
changed: SOC was 96 ug/m?® at an air temperature of
28°C before precipitation; the temperature dropped by
10°C and SOC dropped to 48 ug/m? an hour after the
rain. The strongest changes in SOC are associated
with frontal precipitation and reflect a “jump” in con-
centrations during a change in air masses. However,

2020
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Fig. 2. Daily average (gray curve) and daily maximum (black curve) ozone concentrations in the surface air at (a) OPTEK-PR,
(b) Karadag SBEM, (c) Vyatskie Polyany, and (d) Fonovaya Observatory stations.

SOC can both increase and decrease during atmo-
spheric precipitation regardless of type and intensity,
as well as of measurement site [17].

In contrast to the plain stations, the behavior of
SOC at the Karadag SBEM is characterized by a lower
amplitude of the daily variations due to high nighttime
ozone concentrations. High nighttime concentrations
of surface ozone are due to the features of the sur-
rounding land: the station is located on an open slope
at an altitude of 180 m above sea level. That is why the
vertical exchange between the atmospheric boundary
layer and the higher layers does not cease at night and,
apparently, prevents the formation of thermally stable
air stratification [18]. The analysis of synoptic situa-
tions in the first and second quarters of 2020 shows
that the ozone concentrations were the highest in the
case of southern and southeastern air mass transport,
which correspond to the direction from the sea relative
to the Karadag SBEM position.

Vyatskiye Polyany is the only station on Russian
territory where the spring maximum of ozone concen-
tration was clearly pronounced (Fig. 2c), after which
the daily average concentration sharply dropped from
90 to 45 ug/m?, and the maximal concentration, from
115 to 50 ug/m?3. Then, the daily average concentration
slightly increased with fluctuations due to synoptic pro-
cesses. The peak values, as can be seen from Fig. 2c,
were slightly higher. The authors of [19] explain this
behavior of ozone concentration by the fact that the
ozone sink to the underlying surface sharply increases

ATMOSPHERIC AND OCEANIC OPTICS

after the melting of the snow cover. Hence, if the pho-
tochemical generation or deposition of ozone from
higher layers remains the same, then its sink sharply
increases. This is supported by data [20], which show
that the rates of ozone deposition on snow and an
open surface can differ by three orders of magnitude.

Two spring peaks can be also distinguished in the
ozone concentration at the Fonovaya Observatory in
March and April (Fig. 2d). However, the synoptic
analysis has shown that they are associated with a vio-
lation of the natural seasonal processes, namely, with
the arrival of subtropical air on the territory of the
region, which, according to [21], is much richer with
ozone as compared to usually observed temperate or
arctic air masses.

In contrast to urban stations (see Fig. 1), back-
ground stations (see Fig. 2) show more active and
more variable temporal dynamics of ozone concentra-
tion in the first half of 2020. At the same time, both
figures show an increase in SOC due to the seasonal
increase in the air temperature. The dependence of
ozone generation on the air temperature has been
ascertained in a number of works [22—24]. This has
become especially important in connection with the
revealed synchronicity between the ozone concentra-
tion maxima and the appearance of heat waves in hot
weather [25, 26]. Thus, the above-noted trend towards
an increase in TOC values due to a seasonal increase
in the air temperature is manifested in other regions of
our planet.
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Two stations which monitor ozone in the surface
air layer are located in the suburban area: TOR station
in Tomsk and the station in Ulan-Ude. According to
their location, the dynamics of their surface ozone
concentration should be intermediate between urban
and background conditions. Their measurement data
are shown in Fig. 3.

Since the distance between the TOR station and
the Fonovaya Observatory is not large (60 km), the
temporal dynamics of ozone concentration at both
stations is similar (Figs. 2c and 3a). The difference is
in the higher concentrations, both daily average and
maximum, at the suburb station. TOR station, being
periodically affected by the plume of Tomsk emis-
sions, with additional amounts of ozone precursors,
records higher ozone concentrations.

High ozone concentrations, both daily average and
maximum, are typical for the Ulan-Ude station in the
period under study (Fig. 3b). Longer cycles of unidi-
rectional changes in the ozone concentration as com-
pared to the above considered stations can be also
noted. Unfortunately, the station did not operate for
the whole period under study; therefore, it is difficult
to estimate the seasonal trend in ozone variations from
Fig. 3b.

The KHMSS is of special importance (Fig. 4),
since it is distinguished by the topography and a tem-
perate climate among all high-altitude stations, due to
which it is in the free atmosphere most of the time.
The mountainous relief favors the transfer of clean and
ozone-enriched air from the stratosphere to the free
troposphere. At the same time, polluted air can rise
from the valley along the slopes, which are warming up
during the day due to the mountain-valley circulation.
The intensity of mountain-valley circulation and entry
of pollutants depends on the topography. Most high-
altitude stations are situated on steep mountain slopes
or on their tops and near inhabited valleys, which leads
to inflow of pollutants of the planetary-boundary layer
along the slopes to the observation site.

The probability of arrival of pollutants from the
planetary boundary layer to the KHMSS on the
Shadzhatmaz plateau is low. To estimate it, a duplicate
measuring complex was mounted in the nearest city of
Kislovodsk. It records ozone, aerosols, NOx, and CO.
The concentrations and behavior of the impurities at
two tropospheric levels were compared during two
years with the aim of understanding whether the
atmospheric boundary layer in the valley affects the
free troposphere on the plateau [27]. Hence, we can
state that the long-term series of ozone observations at
the KHMSS contains the parameters of the regional
or global field of tropospheric ozone [28].

Recording of the regional background, the study of
long-range transboundary transport of anthropogenic
and natural pollutants from source areas, and identifi-
cation of sources are important functions of high-alti-
tude stations. These studies have different purposes:
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Fig. 4. Daily average (gray curve) and daily maximum
(black curve) ozone concentrations in the surface air at
KHMSS.

ascertaining conditions under which the region of the
Kislovodsk mineral water resort is affected by local
wildfires and pollutants from industrial enterprises of
Ukraine or from the Caspian oil developments, esti-
mation of the influence of deserts (Kalmykia and
Kyzyl-Kum) and Plateau of Iran under changing cli-
mate, etc. [29, 30].

The observations in the first quarter of 2020 allow
us to note individual events of a significant increase in
the surface ozone concentration in March—April with
signs of ozone inflow from higher atmospheric layers:
an increase in the surface ozone concentration was
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Fig. 5. Vertical ozone distribution over southwestern Sibe-
ria in 2020.

accompanied by a decrease in humidity to 17% and an
increase in the south—east-south-east winds (from the
mountains) (Fig. 4). These outflows/intrusions of
ozone are possible in discontinuity of the tropopause
of the subtropical jet stream migrating over the
KHMSS in spring. Other orographic effects are possi-
ble, which are accompanied by ozone sinks; they annu-
ally occur and form the first local maximum in the sea-
sonal variability in addition to the summer peak. This
bimodality reflects two ways of the ozone field forma-
tion: vertical transport from the stratosphere and photo-
chemical generation in the troposphere.

Low ozone concentrations (from 20—30 pug/m?) in
the mountains, including at the KHMSS altitude
(2096 m), are recorded under conditions of high rela-
tive humidity (over 75%), which is associated with a
local cause, that is, “low” and “ground” clouds. Radi-
ation fogs at the KHMSS are very rare and can last for
many days. Heterogeneous ozone deposition is very
effective, but no near-zero ozone values are observed.
Even very high humidity does not ensure low concen-
trations of surface ozone in the case of high-intensity
convection in a cloud. It should be understood that
low surface ozone concentrations of this origin are not
a characteristic of the regional field (a cloud is a very
local ozone regulator).

2.2. Boundary Layer and Free Troposphere

Monthly flights of the Optik airborne laboratory
have been carried out by a team from IAO SB RAS
since July 1997 with the aim of determining the vertical
distribution of atmospheric gases and aerosols. At first,
the flights were carried out on an An-30 aircraft [31],
then on Tu-134 [32] over the region of Karakansky
Bor, 100 km south-west of Novosibirsk, to exclude the
influence of the city. The experiments start at noon,
when the photochemical ozone generation is maxi-
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mal; the flight last 2 hours. The altitude range is from
0to 7 km. In 2020, not all scheduled flights took place
because of COVID-19. The problem of measuring the
ozone concentrations under conditions different from
background conditions was previously discussed in
[33, 34]. Therefore, three ozonometers simultane-
ously operate on board: a 3-02P chemiluminescent
and two UV (TEI model 49C). The ozonometers are
calibrated before a flight with the use of a GS-2 ozone
generator.

The measurements of the vertical ozone distribu-
tion in Fig. 5 show no ozone generation in the atmo-
spheric boundary layer during the cold period (Janu-
ary—March), when the surface is covered with snow. It
was observed only in June. Thus, O; mainly came from
the stratosphere during the cold period. Moreover, the
flow was quite weak since the vertical distribution was
close to neutral in the middle troposphere.

The data in Fig. 5 significantly differ from the long-
term sounding results, which were generalized for the
same area in [35]. They showed almost constant pho-
tochemical ozone generation in the surface or atmo-
spheric boundary layers. These data also contradict
the conclusions [36] about the 20—30% contribution
of sources in European Russia and western Siberia to
the photochemical ozone generation. It is difficult to
explain this fact. Perhaps, these are features of the nat-
ural long-term dynamics of the vertical ozone distri-
bution in the troposphere [35] or the manifestation of
the current climate warming [37, 38]. Nevertheless,
this vertical ozone distribution in the troposphere
makes it possible to explain the nighttime maxima in
the surface air layer and the daytime increase due to
the development of turbulence [39, 40].

3. CORRESPONDENCE
TO THE RF HYGIENIC STANDARDS

The maximum permissible concentrations for
ozone accepted in the Russian Federation are the
strictest in the world. Thus, the information threshold
for the population is set to 180 pg/m? in the EU. The
World Health Organization has set the moving 8-hour
maximum to 120 pg/m?’. According to the United
States national quality standard NAASQS, the maxi-
mal hourly average ozone concentration should not
exceed 120 ppb, and the 8-hour average, 85 ppb,
which correspond to 240 and 170 ug/m?.

In the Russian Federation, the following standards
for the surface ozone concentration have been
accepted [41, 42]. The daily average maximum per-
missible concentration (MPC, ,) is the maximal con-
centration of a harmful substance in the air of popu-
lated areas that should have no direct or indirect inha-
lation effect on a person (around the clock throughout
life); it is equal to 0.03 mg/m3, or 30 pug/m?, for ozone.
The threshold limit value (TLE) is the maximal con-
centration of a harmful substance in the air of popu-
Vol. 33
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Table 2. Events of ozone concentrations above MPC in the surface air layer on the Russian territory
Stai MPCyg, (30 pg/m?) TLE MPC
ation
IMPC, (days/%) | 2MPC,_, (days/%) | 3MPC,_, (days/%) | (100 MPCq.) | (160 MPCq,)

OPTEC-PR 134/100 106/79 25/19 13 2
OPTEC-P 23/13 2/1 0/0 0 0
OPTEC-N 50/45 2/2 0/0 0 0
Karadag SBEM 179/98 120/66 17/10 29 0
Obninsk 138/86 15/9 0/0 0 0
RUDN 110/72 9/6 0/0 16 1
ACAP Maryino 132/73 26/14 0/0 12 0
ACAP Gagarin Square 97/54 0/0 0/0 1 0
KHMSS 169/100 164/97 35/21 10 0
Vyatskie Polyany 182/100 67/37 7/4 14 0
Fonovaya observatory 181/99 41/54 16/8 45 1
TOR 178/97 48/47 8/4 13 0
Ulan-Ude 48/100 45/94 20/42 33 1

lated areas which does not cause reflex (including sub-
sensory) reactions in the human body (odor, change in
the eye illumination sensitivity, etc.) when inhaled for
20 min; TLE for ozone is 0.16 mg/m3, or 160 pg/m?.
The maximum permissible concentration (MPC) is
the maximal concentration of a harmful substance in
the air of a working area which, with a duration of work
no more than 41 hours per week throughout the entire
working life, does not cause diseases or health problems
detectable by modern research methods on the job or
ulteriorly in the present and next generations. MPC for
ozone is equal to 0.1 mg/m?, or 100 ug/m?.

Table 2 is compiled on the basis of these standards.
It includes the cases of exceeding the above thresh-
olds. Since ozone is not emitted by any industry, but is
formed in the atmosphere in photochemical pro-
cesses, the concept of a working area for this atmo-
spheric component is conventional. There is no
boundary of a production site or sanitary zone for
ozone since it is everywhere. An agricultural worker in
the field or a traffic policeman on duty on a highway is
exposed to ozone in the workplace. This is also true for
numerous summer residents who cultivate their plots.
However, there are cases where the working area for
ozone can be defined, for example, an office where
copying devices work [43]. Therefore, MPC values
above 100 ug/m? are included in Table 2.

The data in Table 2 shows that, in accordance with
the RF standard (MPC,,), high surface ozone con-
centrations were measured at all sites under study in
the first half of 2020. TOC values twice exceed MPC, ,
almost everywhere, except for urban stations, where
ozone is destroyed by vehicle emissions. The ozone
concentrations quite often exceed 2MPC,, at back-
ground and suburban sites, except for the KHMSS

ATMOSPHERIC AND OCEANIC OPTICS  Vol. 33
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under the influence of the free troposphere. Concen-
trations of higher than 2MPC,, are observed more
than 50% of days in Karadag, Tomsk region, and
Buryatia. The ozone concentrations above 3MPC and
higher than 100 pg/m* are most often recorded at
these stations. Single events of ozone concentrations
above TLE were recorded at the RUDN station in
Moscow (June), in the Tomsk region (April), in Ulan-
Ude (June), and in the Leningrad region (May).

CONCLUSIONS

Thus, the review shows the concentrations of
ozone in the surface air layer to exceed the RF
hygienic standards at most stations on Russian terri-
tory. This requires a more complete analysis of ozone-
forming species and the development of measures to
reduce their release into the atmosphere.

The mosaic pattern of the data presented is obvi-
ous. There are no data for many large Russian regions.
This points to a need in increasing the number of
ozone monitoring sites.
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