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Abstract—Based on the results of a comprehensive experiment conducted in September 2020, the spatial dis-
tribution of the following trace gases over the seas of the Russian Arctic are analyzed: carbon monoxide (CO),
ozone (O3), nitrogen oxide and dioxide (NO and NO2), and sulfur dioxide (SO2). It is shown that the gas con-
centrations in the surface air layer over the seas (at an altitude of 200 m) vary in the range 18–36 ppb for O3,
60–130 ppb for CO, 0.005–0.12 ppb for NO, 0.10–1.00 ppb for NO2, and 0.06–0.80 ppb for SO2. The distri-
bution of the gases over the water area is heterogeneous over most seas, which most likely reflects differences
in their uptake by the ocean and peculiarities of transport from the continent.

Keywords: Arctic, atmosphere, air, vertical distribution, nitrogen dioxide, sulfur dioxide, ozone, nitrogen
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INTRODUCTION
According to the Intergovernmental Panel on Cli-

mate Change (IPCC, IPCC), global warming is still
ongoing, which is caused by changes in air composi-
tion due to increasing anthropogenic emissions of
gases and aerosols [1]. This necessitates their monitor-
ing in different regions of the globe, especially in
regions where the warming is occurring faster, for
example, the Arctic. There, the rate of increase in the
air temperature was two to three times higher than in
other regions of the Earth [2, 3], and according to the
recent analysis results [4–6], it was four times higher.
In this regard, the following questions naturally arise:
how does warming in the Arctic affect the composi-
tion of the air [7–10] and how do pollutants arriving to
the region affect the warming [11–14]? Answering
them, as well as outlining an Arctic environmental
preservation plan is possible only on the basis of mea-
surements and analysis of direct and inverse connec-
tions between the climate warming and changes in air
composition [15]. However, such data for the Russian
Arctic are lacking.

Studies of the air composition in this region were
carried out mainly in the surface air layer [16–18], in
the near-water layer from drifting stations [19], and on
board research vessels [20, 21]. Mainly greenhouse

gases were measured [22]. Other trace atmospheric
gases been poorly studied.

To fill the gap in data on the vertical distribution of
gases and aerosols in air over the Russian Arctic, an
experiment on sounding the atmosphere and water
surface over the all seas of the Arctic Ocean from the
Optik Tu-134 f lying laboratory was performed in Sep-
tember 2020. The experiment and the equipment used
are described and the average concentrations of atmo-
spheric constituents over all seas are analyzed in [23].
In [24, 25], the methane and carbon dioxide distribu-
tions over each of the seas are analyzed. In this work, we
analyze the distribution of the following trace gases over
the seas of the Russian Arctic: carbon monoxide (CO),
ozone (O3), nitrogen oxide and dioxide (NO, NO2),
and sulfur dioxide (SO2).

1. DATA AND METHODS
The list and specifications of the instruments used

for the measurements are given in Table 1.
Gas concentration profiles were retrieved from

measurements in the period indicated in Table 1 using
a 15-point moving average and subsequent interpola-
tion with an altitude step of 10 m. As is shown in [23],
the differences in gas concentrations over different
31
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Table 1. Specifications of gas analyzers
Model Gas Concentration range, ppm Precision Time constant, s

49C O3 0…200 ±0.001 ppm 1
48C CO 0…10000 <±1% 4

42i-TL NO/NO2/NOx 0…0.5 ±0.0004 ppm 10
43i-TLE SO2 0…20 ±0.0002 ppm 10
seas are small above 5000 m. Therefore, in this work,
we limit our analysis to this altitude.

2. VERTICAL DISTRIBUTION
2.1. Barents Sea and Coastal Areas

Survey over the Barents Sea was carried out from
12:58 to 15:39 on September 4, 2020. Here and below,
we use the Greenwich Mean Time (GMT), because the
experiment was carried out in several large administra-
tive territories in nine time zones, where local and astro-
nomical time do not coincide (for example, Yakutia).

Vertical distribution of the mixng ratios of trace
gases from Table 1 measured over the Barents Sea are
shown in Fig. 1, along with their vertical profiles mea-
sured over the coastal area upon departure from
Arkhangelsk airport for comparison.

Tropospheric ozone is the fourth greenhouse gas to
contribute to the net radiative forcing [26]. Our previous
studies showed that in situ O3 production in the lower
atmosphere is insignificant in the Arctic regions [27, 28].
The experiment confirmed this conclusion (Fig. 1a).
It can be seen that the concentration of O3 in the sur-
face air and the atmospheric boundary layer (ABL)
sharply decreases compared to the higher tropospheric
layers over all areas of the Barents Sea. Its mixing
ratios are ≈50 ppb in the middle troposphere.

Since O3 is a poorly soluble gas, unlike CO2 [29],
then the decrease in the O3 concentration is explained
not by its absorption by the ocean, but by the absence of
its photochemical generation. In these areas, the main
source of tropospheric O3 is the stratosphere-to-tropo-
sphere transport (STT) [30]. Such low values at lower
altitudes were possibly because of ozone depletion due
to its chemical sink when interacting with bromine
contained in marine aerosol [31].

Carbon monoxide concentration (Fig. 1b) varied
over the Barents Sea within 60–120 ppb and its vertical
distribution is close to neutral. One can note a slight
increase in the CO concentration in the ABL over
coastal areas. This altitude variation in CO indicates
the absence of sources and sinks of this gas in this area.
The measured values are lower than over continental
areas [32, 33] and close to values characteristic of
remote Antarctic regions [34]. Carbon monoxide, as
well as NO, NO2, NOx, and SO2, can be of both natu-
ral and anthropogenic origin [35]. Recent studies
show that the concentrations of these compounds
ATMOSPHE
have sharply decreased in both urbanized and back-
ground regions [36, 37].

Nitric oxide content (Fig. 1c) f luctuated between
0.01–0.10 ppb over the Barents Sea, excluding the
coastal area. In the Arkhangelsk region, its concentra-
tion increased to 0.24 ppb in the surface layer and up
to 0.13 ppb in the ABL due to anthropogenic activity.
The vertical distribution of NO and the variation in its
concentrations are close to data [38, 39] for other
regions of the Arctic.

Nitrogen dioxide has a slightly different vertical
distribution over the Barents Sea (Fig. 1d). Its concen-
tration, despite f luctuations, tends to decrease with
altitude. Layers with high NO2 content are visible in
profiles 1, 4, and 5, which is most likely due to trans-
port from urbanized areas. On the day of measure-
ments, air was advected from southwest [24, 25]. The
NO2 concentration over the sea was in the range 0.2–
1.0 ppb; this is slightly higher than in [40] and lower
than in [41].

Taking into account the rather low concentrations of
nitrogen oxides over the Barents and all other seas
under study, it is reasonable to consider data on these
gases as estimates, without focusing on absolute values.

Sulfur dioxide concentrations over the Barents Sea
were in the range 0.06–0.8 ppb (Fig. 1d) and were sig-
nificantly lower than over coastal territories (it
attained 2.7 ppb over Arkhangelsk). This points out to
continental SO2 sources and, apparently, anthropo-
genic. The data are in good agreement with the mea-
surements of SO2 vertical distribution over the Pacific
Ocean [42] and are significantly lower than those
obtained over continental China [43].

Figure 1e shows vertical profiles of NOx over the
Barents Sea. Since NOx is the sum of NO and NO2 and,
as can be seen from Figs. 1c and 1d, NO2 is almost an
order of magnitude greater than NO in the case under
study, this graph repeats the main features of Fig. 1d.

2.2. Kara Sea and Coastal Areas
Survey over the Kara Sea (Fig. 2) was carried out

on September 6, 2020 [23, 24]. According to Fig. 2a,
the O3 concentration in the surface air layer and ABL
sharply decreased over all areas of the Kara Sea com-
pared to the upper tropospheric layers. In the middle
troposphere, it ranged from 45 to 50 ppb. This range is
narrower than over the Barents Sea. One can also note
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024
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Fig. 1. Vertical distribution of concentrations of (a) O3, (b) CO, (c) NO, (d) NO2, (e) SO2, and (f) NOx over the Barents Sea on
September 4, 2020.
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a weak trend towards an increase in the O3 concentra-
tion above the ABL.

Carbon monoxide concentration (Fig. 2b) varied
within 60–130 ppb over the Kara Sea and decreased
above the top of the ABL. One can also note its signif-
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No.
icant increase at an altitude of about 1000 m in the first
profile measured over the water area (13:30). This alti-
tude variation in the CO mixing ratio indicates the
absence of sources and sinks of this gas in this area, but
its transport from the continent. This is also supported
 1  2024
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Fig. 2. Same as in Fig. 1, for the Kara Sea, September 6, 2020.
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by higher CO concentrations over the Kara Sea com-
pared to the Barents Sea.

Nitric oxide mixing ratios (Fig. 2c) over the Kara
Sea, also excluding the coastal territory, f luctuated
within 0.02–0.10 ppb. Near Naryan-Mar, its concen-
tration increased to 0.13 ppb in the surface layer and up
ATMOSPHE
to 0.12 ppb in the ABL due to anthropogenic activity.

The vertical distribution of NO is close to neutral with

a slight tendency to increase with altitude. This points

out to the absence of sources of this gas in the Kara

Sea, and the increase in its content with altitude indi-

cates transport from adjacent regions.
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024



AIR COMPOSITION OVER THE RUSSIAN ARCTIC: 3—TRACE GASES 35

Fig. 3. Back trajectories of air masses for the Kara Sea and Naryan-Mar on September 6, 2020.

NOAA HYSPLIT MODEL
Backward trajetories ending at 1100 UTC 06 Sep 20

GDAS Meteorological Data

a
t 

m
u

lt
ip

le
 l

o
c
a
ti

o
n

s
S

o
u

rc
e

M
e
te

rs
 A

G
L

4000

1200
200

3000

2000

1000

06 00 18 12 06 00 18 12 06 00 18 12

09/06 09/05 09/04
Vertical distribution of NO2 over the Kara Sea is

similar to that over the Barents Sea (Fig. 2d). Its con-
centration shows a trend to decrease with altitude,
despite vertical f luctuations. Like for CO (Fig. 2b), the
first profile measured over the water area (13:30)
shows a layer with a high NO2 content near 1000 m,

which most likely reflects its transport from urbanized
areas. The NO2 concentration over the Kara Sea var-

ied within 0.2–0.9 ppb, which is slightly less than over
the Barents Sea.

Sulfur dioxide mixing ratio over the Kara Sea was
in the range 0.25–0.66 ppb (Fig. 2d) and was compa-
rable to the value over Naryan-Mar (0.64 ppb). This
indicates the presence of weak SO2 sources on land

and over sea.

Figure 2f shows the vertical profiles of NOx over the

Kara Sea. Since NO2 concentrations almost an order

of magnitude greater than that of NO, then these
curves repeat the main features of Fig. 2d.

To understand what caused the maximal CO and
NO2 concentrations at an altitude of about 1000 m,

air mass backward trajectories were plotted in Fig. 3
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No.
for three altitudes above Naryan-Mar: 200, 1200 and
4000 m a.s.l. One can see that the air came from the
same regions at most levels, except for one trajectory
for the air mass with the maximal concentration of
gases. This indicates origination of this air mass in
western Europe. Taking into account the large number
of industrial enterprises located there, we can assume
that this maximum was caused by long-range trans-
port of impurities.

2.3. Laptev Sea and Coastal Areas

Measurements over the Laptev Sea were carried
out on September 9, 2020 (Fig. 4). The O3 concentra-

tion in the surface air layer varied from 20 to 30 ppb
and increased with altitude first quickly and then
slower (Fig. 4a). Despite the large area under survey,
the O3 content slightly differed over different regions.

Carbon monoxide mixing ratios (Fig. 4b) ranged
from 80 to 120 ppb and weakly varied with altitude
over the Laptev Sea. Two profiles measured at the
beginning of the f light over coastal areas (03:09) and at
the end of the f light (05:58) show two CO concentra-
 1  2024
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Fig. 4. Same as in Fig. 1, for the Laptev Sea, September 9, 2020.
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tion maxima. Its neutral behavior in the free tropo-
sphere and the maxima in the ABL are possibly asso-
ciated with air transport from the continent.

Nitric oxide concentration ranged from 0.005 to
0.10 ppb (Fig. 4c). Near Tiksi, it increased to 0.12 ppb
in the surface air layer due to local anthropogenic
ATMOSPHE
activity. The vertical variation of the NO concentra-
tion is close to neutral. This indicates the absence of
sources of this gas in the water area and its transfer
from adjacent regions.

Vertical distribution of NO2 over the Laptev Sea is

not similar to the distributions over the Barents and
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024
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Kara seas (Figs. 2d and 4d). The altitude variation in
the NO2 concentration is almost neutral. Like for CO

(Fig. 4b), the first profile measured over coastal areas
(03:09) shows a layer with a high NO2 mixing ratio

near the water surface. The NO2 concentration varied

within 0.1–0.4 ppb over the Laptev Sea. This is com-
parable to the NO2 dynamics over the Barents and

Kara seas.

Sulfur dioxide concentration was in the range 0.2–
0.5 ppb over the Laptev Sea (Fig. 4d). Like CO and
NO2, it increased (to 1.0 ppb) over coastal areas. This

point out to were weak continental sources of SO2.

Figure 4f shows the vertical profiles of NOx over the

Laptev Sea. Since the NO2 content is almost an order

of magnitude greater than that of NO, then Fig. 4f
repeats the main features of Fig. 4d.

2.4. East Siberian Sea
The f light for surveying atmosphere over the water

areas of the East Siberian and Chukchi seas was per-
formed from Anadyr airport, which is located quite far
from the Arctic Ocean. Therefore, the comparison
between data obtained over the seas and the airport
territory seems incorrect. The survey was conducted
on September 15–16, 2020, taking into account the
12-hour difference with GMT. The measurement
results are shown in Fig. 5.

The ozone distribution over the East Siberian Sea
differs from the profiles measured over the seas
located to the west (Fig. 5a). The difference between
the O3 concentrations in the surface air layer and the

middle troposphere was lower; the ozone content in
the middle troposphere decreased to 50 ppb; the dif-
ferences between the O3 concentrations in the lower

troposphere in different water areas became smaller.

The CO concentration over different water areas var-
ied from 85 to 120 ppb in the surface air layer and from
60 to 100 ppb in the middle troposphere. In Fig. 5b, the
CO content trend to change with altitude is clearly seen.

Nitric oxide concentration also decreased over the
East Siberian Sea (Fig. 5c) compared to the western
seas. The vertical distribution of this gas shows negligi-
ble altitude variations. The NO content varied from
0.012 to 0.080 ppb from the surface air layer to the upper
troposphere.

Mixing ratios of nitrogen and sulfur dioxides over
the East Siberian Sea also insignificantly varied with
altitude (Figs. 5d and 5e). The NO2 concentration

ranged from 0.1 to 0.38 ppb, and the SO2 content var-

ied within 0.3–0.5 ppb.

Vertical distribution of NOx repeats NO2 profiles.

2.5. Chukchi Sea
Airborne survey over the Chukchi Sea was carried

out on September 15, 2020. The weather conditions
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No.
are described in [23]. The measurement results are
shown in Fig. 6. Here, like in Fig. 5, the vertical profile
over coastal areas is not shown because it is far from
the main sounding site.

The profile of O3 over the Chukchi Sea signifi-

cantly changed (Fig. 6a). The ABL, which was very
low according to previous analysis [24, 25], is not
shown here at all. The O3 concentration in the surface

air layer was in the range 28–32 ppb and almost uni-
formly increased to 60 ppb in the upper troposphere.
This distribution is due to the change in the air mass
transport direction to the Chukchi Sea. It was shown
in [24, 25] that air came from the Asian part of the
continent to the water areas of the western seas, while
it came from the North America to the area under sur-
vey over the Chukchi Sea.

Apparently, the change in the direction of the main
transport caused the abnormal CO distribution over
the Chukchi Sea (Fig. 6b). Over three regions of the
water area, it decreased above the ABL and then
increased in the middle troposphere. Over the fourth
region, it attained 118 ppb in the surface air layer and
decreased to 74 ppb in the upper troposphere.

Nitrogen oxide slightly varied with altitude. Its
concentrations were lower even then over the East
Siberian Sea and ranged from 0.025 to 0.08 ppb.

The change in the air circulation in the region
during the survey apparently resulted in changes in
NO2 and NOx profiles (Figs. 6d and 6f). The concen-

tration of these gases slightly decreased from the sur-
face air layer to the middle troposphere and then sig-
nificantly increased.

The sulfur dioxide concentration weakly changed
with altitude and ranged from 0.25 to 0.52 ppb.

2.6. Bering Sea and Coastal Areas
Survey over the Bering Sea was carried out on Sep-

tember 16, 2020, immediately after the f light over the
East Siberian Sea (Fig. 7). The purpose of that addi-
tional experiment was to verify features of the distribu-
tions of carbon dioxide and methane concentrations
over the Chukchi and East Siberian Seas [24, 25].

Ozone profiles over land (03:38) and near the coast
(04:48) (Fig. 7a) significantly differ, especially in the
middle and upper troposphere. They show the intru-
sion of ozone from upper atmospheric layers. The
other two profiles (04:24 and 05:21) are smoothed.
Ozone concentration increases with altitude up to
70 ppb in the first two profiles and f luctuates within
20–25 ppb in the second pair of profile.

The CO content in the lower troposphere was close
to that observed over the East Siberian and Chukchi
Seas (Fig. 7b) and decreased with altitude.

The NO concentration with a smoothed vertical
profile was slightly higher than over the East Siberian
and Chukchi Seas (Fig. 7c).
 1  2024
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Fig. 5. Same as in Fig. 1, for the East Siberian Sea, September 15–16, 2020.
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The concentrations of NO2 and NOx varied signifi-

cantly over different areas of the Bering Sea (Figs. 7d and
7f). They were in the range 0.3–0.5 ppb over the coast
and decreased to 0.012–0.28 ppb over the water area.

Sulfur dioxide concentration slightly varied with
altitude, from 0.32 to 0.53 ppb.
ATMOSPHE
Such differences between gas profiles over the Arctic

seas and the Bering Sea are apparently explained by the

peculiarities of air circulation during the experiment. If

we refer to Fig. 8, it is easy to see that air to the regions of

survey was transported from Alaska or along its coast,

first to the Arctic and then to the region under study.
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024
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Fig. 6. Same as in Fig. 1, for the Chukchi Sea, September 15, 2020.
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3. HORIZONTAL INHOMOGENEITIES 
IN DISTRIBUTION OF TRACE GASES

Horizontal inhomogeneities in the distribution of
trace atmospheric gases over the Arctic seas were ana-
lyzed on the basis of data obtained during the f lights
performed at an altitude of 200 m. The concentrations
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No.
of trace gases were recorded with a frequency of 1 or

0.1 Hz. The regions where the measurements were car-

ried out are shown in Fig. 9. We assume that spatial het-

erogeneity of trace gas sources or sinks, if they exist on

the ocean surface, should appear as concentration fluc-

tuations at this altitude.
 1  2024
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Fig. 7. Same as in Fig. 1, for the Bering Sea, September 16, 2020.
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3.1. Ozone
During the experiment, two ozone analyzers of the

same type operated on board the f lying laboratory;
they measured the O3 concentration with a frequency

of 1 and 0.4 Hz. The O3 concentrations measured with
ATMOSPHE
a frequency of 1 Hz are shown in Fig. 10. The distribu-

tion of ozone mixing ratios over the water area was

quite homogeneous only over the East Siberian Sea.

Over other seas, it significantly changed when moving

from one survey region to another. The variability of the
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024
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Fig. 8. Back trajectories of air masses for the Bering Sea on September 16, 2020.
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O3 concentration was maximal over the Laptev Sea

(concentration difference was 15 ppb) and minimal over

the East Siberian Sea (the difference was only 5 ppb).

Considering that ozone is not emitted by any

source, but is produced in the troposphere or trans-

ferred from the stratosphere [44], such variability can

only be explained by the heterogeneity of its transport

from the continent.

3.2. Carbon Monoxide

This gas was also measured with a frequency of

1 Hz with gaps when the analyzer was automatically

switched to a zero correction mode for 5 min after

every 20 min of measurements (Fig. 11). One can see

that the differences in CO concentrations over differ-

ent regions of the seas were not as great as for O3. The

difference was also maximal (70 ppb) over the Laptev

Sea and minimal (24 ppb) over the Chukchi Sea. The

difference was from 40 to 50 ppb over other seas.
ATMOSPHERIC AND OCEANIC OPTICS  Vol. 37  No.
3.3. Nitric Oxide

Nitric oxide was measured at a frequency of

0.25 Hz. As a result, the period of recorded NO fluc-

tuations is significantly shorter than for other gases

measured at a frequency of 1 Hz (Fig. 12). It was

shown that the NO concentration of nitric oxide was

extremely low, 0.01–0.12 ppb, over all seas when being

recorded at horizontal f light sections at an altitude of

200 m. Maximal values were recorded over the Bar-

ents, Kara, and Laptev Seas and minimal over the

Chukchi and Bering Seas.

3.4. Nitrogen Dioxide

The NO2 concentrations were maximal over the

Barents Sea and lower over the Kara Sea (Fig. 13).

Moreover, a large horizontal concentration gradient

across the water area is clearly visible over the Barents

Sea. The concentration of this gas decreased eastward

and approached the detection limit of the analyzer.
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Fig. 9. Segments (red lines) of gas concentration measurements over the seas of the Russian Arctic and Pacific Ocean at an alti-
tude of 200 m.
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Fig. 10. Ozone concentration at an altitude of 200 m above the seas of the Russian Arctic and Pacific Ocean.
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3.5. Sulfur Dioxide
The SO2 distribution (Fig. 14) over the Arctic seas is

very similar to NO2. The difference between SO2 con-

centrations over different seas is lower than for NO2.

Thus, the feature of a decrease in the concentration
from west to east cannot be completely applied to SO2.

4. RESULTS AND DISCUSSION

Let us compare the average concentrations of trace
atmospheric gases over the seas under study. Accord-
ing to data in Table 2, concentrations of most gases
show no clear trends to change from west to east,
which was pronounced for CO2 [25].

The lowest O3 concentrations were recorded in the

surface air layer (200–600 m) above the Barents, Kara,
and Bering Seas. They were higher and almost identical
ATMOSPHE
over the Laptev, East Siberian, and Chukchi Seas. Since
the air was transported to the Barents and Kara Seas
from the continent, these values can be caused by sink
of some ozone molecules due to reactions with other
compounds advecting from the continent.

There is no clear trend in changes in the CO con-
tent as well. A slight increase in its values can be noted
over the Kara, East Siberian, and Laptev Seas, the
minimal value is over the Barents Sea. This is obvi-
ously due to the air advection from the continent to the
water areas.

The NO content was extremely low in the Russian
Arctic, in the range 0.03–0.07 ppb. This is the only
gas with the concentration decreased from west to
east, excluding the Bering Sea. The maximum was
observed over the Barents Sea and the minimum over
the Chukchi Sea.
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024
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Fig. 11. Same as in Fig. 10, for carbon monoxide.
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Fig. 12. Same as in Fig. 10, for nitric oxide.
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Fig. 13. Same as in Fig. 10, for nitrogen dioxide.
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Fig. 14. Same as in Fig. 10, for sulfur dioxide.

S
O

2
, 

p
p

b

120 14010080604020
0.2

0

0.4

0.5

0.6

0.7

0.8

0.9

0.3

1.0 Barents

Kara

Laptev

East Siberian

Chukchi

Bering

Distance, km
The NO2 concentration (although small in the Arc-

tic region, but almost an order of magnitude higher than

that of NO) also decreased from west to east, with the

exception of the Laptev Sea. It is still difficult to explain

why NO2 content was the lowest over the Laptev Sea,

though the concentration of its precursor (NO) is com-
ATMOSPHE

Table 2. Average concentrations of trace atmospheric gases (

Gas
Barents Kara Lap

O3 19.6 ± 3.10 16.1 ± 2.60 23.3 ±

CO 88.7 ± 14.8 107.8 ± 15.2 107.6 ±

NO 0.07 ± 0.03 0.05 ± 0.02 0.05 ±

NO 0.62 ± 0.21 0.37 ± 0.06 0.14 ±

NOx 0.69 ± 0.23 0.42 ± 0.05 0.19 ±

SO2 0.53 ± 0.14 0.40 ± 0.08 0.36 ±
parable with the neighboring seas. Differences in the

NO and NO2 concentrations determined the general

dynamics of NOx, which follows the behavior of NO2.

The SO2 content over the western seas is comparable

to that of NOx and even slightly higher than over the
RIC AND OCEANIC OPTICS  Vol. 37  No. 1  2024

ppb)

Sea

tev East Siberian Chukchi Bering

 4.20 24.1 ± 2.10 24.3 ± 3.90 19.5 ± 3.40

 18.8 105.4 ± 14.7 98.2 ± 12.9 104.4 ± 17.0

 0.02 0.05 ± 0.02 0.03 ± 0.01 0.06 ± 0.02

 0.03 0.21 ± 0.03 0.21 ± 0.03 0.16 ± 0.03

 0.04 0.26 ± 0.04 0.24 ± 0.03 0.22 ± 0.03

 0.07 0.41 ± 0.07 0.38 ± 0.07 0.44 ± 0.07
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eastern seas. There are apparently weak sources of this
gas in the eastern regions, which increase its background
concentrations. This might well be caused by emissions
from the Norilsk Nickel plant, which uses coal with a
high sulfur content in some industrial processes.

The comparison of our data with similar data for
the other regions of the Arctic shows that the O3 and

CO concentrations we obtained are comparable with
the results of [45, 46]. The same low values of nitrogen
oxides were recorded in [39, 40]. Studies of the vertical
distribution of SO2 concentration have not been car-

ried out in recent years.

CONCLUSIONS

The comprehensive experiment on surveying the
atmosphere for a quite short term made it possible to
compare the concentrations of trace atmospheric
gases over all the seas of the Russian Arctic and the
Bering Sea in the Pacific Ocean. Their content, unlike
of methane and carbon dioxide, was extremely low
during the experiment.

The vertical distribution of ozone was characterized
by an increase in its concentration with altitude. This
indicates the weakness of in situ photochemical O3 pro-

duction and the predominance of ozone transport from
the stratosphere. For other gases, either a decrease in
their content with altitude or smoothed vertical profiles
was observed. This indicates the absence of sources of
these gases in the region or their low power.

For nitrogen and sulfur dioxides, a trend towards a
decrease in their concentrations from west to east was
found.

The areal distribution of the gases over most seas
was heterogeneous. This most likely reflects differ-
ences in their absorption by the ocean and features of
its transport from the continent.

It is important that the concentrations of all the
measured gases were very low during the experiment,
typical for remote background regions.
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