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ABSTRACT. This article presents the 2023 data on the snow cover in the northern basin of Lake Baikal.
We estimated the spatial distribution of the main chemical elements in the snow cover. The high relative
concentration of nitrates and hydrogen ions was a characteristic of the ionic composition of snowmelt
water in comparison with the industrial areas of the Baikal region. We calculated the accumulation of
major ions and biogenic elements in the snow cover. A comparative analysis of the obtained experimen-
tal data with regional background values and results of the similar previous studies revealed a trend
towards a decrease in mineralization and an increase in the acidity of snow melt waters over the past 11
years. Low values of the total amount of ions and pH in the snow cover of some areas of the northern
basin of Lake Baikal allowed us to classify them as a background for the entire Baikal region.
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1. Introduction

The use of snow cover as a study object for the
ecological and geochemical characterization of areas
with different anthropogenic pressures has recently
become increasingly relevant (Wang et al., 2018; Thapa
et al., 2020; Szuminska et al., 2021; Shen et al., 2023).
Such a trend is due to the simplicity and accessibility
of the snow cover sampling process, its high sorption
capacity to accumulate pollutants from the air through
dry and wet deposition, and the possibility of assessing
air pollution level over several winter months. Melted
snow can affect the state of soil, changing its acidity,
and contribute to eutrophication of water bodies. The
study of the chemical composition of precipitation in
the Baikal region is of particular importance because
this area allocates the unique Lake Baikal, a source of
clean drinking water of global importance.

In the early 1950s, K.K. Votintsev (1954) con-
ducted the first studies on the chemical composition
of precipitation in the Baikal region. Since 1962, the
Irkutsk Hydrometeorological Service has carried out
monitoring at five stations. Between the 1970 and
1980s, studies focused on changes in the chemical
composition of precipitation caused by an increase
in overall air pollution from various industrial facili-
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ties (Votintsev and Khodzher, 1981; Khodzher, 1983;
Valikova et al., 1985). Since the early 1990s, much
attention has been paid to the precipitation acidity due
to the launch of new enterprises in the region (Obolkin
and Khodzher, 1990; Ermakova, 1998; Urbanavichene
et al., 1998).

In recent decades, snow in the Southern Baikal
region has been extensively studied. The isotopic and
elemental composition of the snow was determined in
the Irkutsk city, the Listvyanka settlement, and on the
shore of Lake Baikal (Chizhova et al., 2015; Chebykin
et al., 2018; Onishchuk et al., 2023). The pollution
level of snow at Lake Baikal with petroleum products
(Belozertseva et al., 2018; Yanchuk, 2018), polycyclic
aromatic hydrocarbons (Marinaite, 2005; Afonina,
2024), and polychlorinated biphenyls (Mamontov et
al., 2006; Nikonova and Gorshkov, 2007) was assessed.
The macrocomponent composition of snowmelt water
was determined in the southern basin of Lake Baikal
(Sorokovikova et al., 2004; Tomberg et al., 2016;
Vorobjeva et al., 2016; Paradina et al., 2016) and on
the southwest coast of the lake (Yanchuk, 2020). The
influence of large industrial centers in the south of the
Irkutsk Region and the Republic of Buryatia on the snow
pollution in the Baikal region was analyzed (Obolkin
et al., 2016; Molozhnikova et al., 2022). As shown by
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previous studies, the atmosphere of the Southern Baikal
region is experiencing a tangible anthropogenic pres-
sure. For instance, in 2022, air emissions from thermal
power plants of the Irkutsk Region amounted to 270.4
thousand tons (State Report..., 2023).

The assessment of the degree of anthropogenic
impact on the unique natural environment of Lake
Baikal requires the study of the chemical composition
of snow not only in areas with developed industry but
also in non-industrial background area, the ecosystem
of which is particularly sensitive to any negative impact.
Precipitation in the Baikal Nature Reserve located on
the southeast coast of Lake Baikal was studied in suf-
ficient detail (Ermakova, 1998; Urbanavichene et al.,
1998; Netsvetaeva et al., 2004; Molozhnikova et al.,
2023a). The geochemical characteristics of the snow
in the Northern Baikal region, which experiences less
impact of human economic activity than the Southern
Baikal region, were studied to a lesser extent (Khodzher,
1987; Belozertseva et al., 2018; Netsvetaeva et al.,
2020; Belozertseva et al., 2023).

The Northern Baikal region is situated in the
territory of the Irkutsk Region and the Republic of
Buryatia. The climate in the Northern Baikal region
is sharply continental. Based on the Nizhneangarsk
weather station data, the average annual precipitation
is ~353 mm. The highest amount of precipitation for
the study period of 2022-2023 was recorded in January
(35 mm). February was the least snowy month (6 mm).
Northwesterly wind direction prevailed (Chronicle...,
2022; Weather..., 2022). The Severobaikalsk town
and the Nizhneangarsk settlement are the largest
populated areas, with a population of ~23 and 15
thousand people, respectively (All-Russian Census...,
2020). The main stationary sources of air pollution in
Severobaikalsk include thermal power and industrial
enterprises, automobile and rail transport, etc. In 2023,
total emissions of pollutants from the stationary sources
in Severobaikalsk amounted to 3.9 thousand tons (State
Report..., 2024).

This study aimed to investigate the peculiarities
of the chemical composition of the snow in the north-
ern basin of Lake Baikal and to assess the accumula-
tion level of major ions and biogenic elements in snow
during the modern period.

2. Materials and methods

Snow surveys were carried out to assess the eco-
logical state of the air in the northern basin of Lake
Baikal and the number of pollutants entering the under-
lying surface in the cold season of 2022-2023 (from
November to March) during the maximum snowfall
accumulation in the Baikal region. Stable snow cover in
this area formed in mid-November, 2022. Snow surveys
were carried out from 8 to 12 March 2023. Sampling
in the northern basin of Lake Baikal was carried out in
the basin of the tributaries on the north and northwest
coasts of Lake Baikal at the following sites (stations):
the Upper Angara (stations 23 and 24), Kichera (station
21), Kholodnaya (station 22), and Tyya (station 14) riv-
ers, Severobaikalsk (station13), from the lake ice near
the Kichera gap (stations 19 and 20), taiga zone along
the 25N-152 Magistralny-Okunaiskiy and 25K-258 Ust-
Kut-Severobaikalsk highways (stations 1-11) (hereinaf-
ter referred to as the Zhigalovo-Severobaikalsk high-
way). To exclude the influence of road dust and vehicle
exhaust gases, sampling was carried out at a distance
of 100-200 m from the roads. Moreover, on 20-28
February 2023, snow was sampled in other areas of the
Baikal region, with no large industrial enterprises: on
the southwest coast of Lake Baikal, in the Listvyanka
settlement (stations 26 and 27), the southeast coast of
the lake, in the basin of the Snezhnaya, Pereyomnaya,
Khara-Murin, Solzan and Utulik rivers (stations 36-41),
and in the forest along the 25N-209 Irkutsk - Listvyanka
highway (stations 28-35) (Fig. 1).

To compare the obtained materials, data on the
chemical composition of snow sampled in 2012, 2015,
and 2020 at the same stations of the northern basin of
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Fig.1. Map of snow sampling in the Baikal region in 2023.
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Lake Baikal, as well as the 2022 data on the snow sur-
vey in industrial centers of the Baikal region (Irkutsk,
Shelekhov, Angarsk, and Ulan-Ude cities), were used
(Molozhnikova et al., 2023b). Table 1 shows the data
on the number of samples and snow depth.

Overall, 66 snow cover samples (Table 1) were
collected in the study area in 2023, and ~100 sam-
ples were collected in the northern basin of Lake Baikal
between 2012 and 2020. Snow cores were sampled to
the full snow depth, excluding the capture of soil par-
ticles, using a graduated plastic pipe with a diameter
of 11 cm. On the lake ice, where the snow depth was
small, samples were taken from a certain area with a
plastic scoop. Stored snow cover moisture was deter-
mined as the ratio of melted sample volume to the area,
from which the snow cover was sampled (Vasilenko
et al., 1985). The chemical composition of snow melt
water was determined through generally accepted
hydrochemical methods (Khodzher et al.,, 2016;
Analytical..., 2017) in the accredited Hydrochemistry
and Atmosphere Chemistry Laboratory and Collective
Instrumental Center at Limnological Institute SB RAS
(Irkutsk). The concentrations of metal cations were
determined by atomic absorption spectroscopy (con-
trAA 800 atomic absorption spectrometer, Germany),
anions-by ion chromatography (Dionex ICS-3000 ion
chromatograph, USA), biogenic elements-by photoco-
lorimetric method (KFK-3-01-“ZOMZ” photoelectric
photometer, Russia; SPEKS SSP-705M, Russia), and
pH-by potentiometric method (“Expert-pH” pH meter,
Russia).

3. Results and discussion
3.1. pH value in the snowmelt water from
the northern basin of Lake Baikal

Snow melts on the coast of the northern basin of
Lake Baikal in the winter of 2022-2023 had a slightly
acidic reaction. The pH value ranged from 4.6 to 6.1,
averaging 5.3 (Fig. 2). We recorded the minimum
values on the coast of the Kichera River (station 21),
and the maximum-on the coast of the Tyya River near
Severobaikalsk (station 14). In this town, pH reached
7.2, which was likely due to the impact of emissions
from thermal power plant and local boiler houses (alka-
line components of ash from burnt fuel).

In the interannual dynamics, pH value in the
snow melt water gradually decreased over the study
years (Fig. 2). At the same time, from 2012 to 2023,
the equivalent concentration ratios of major ions that
determine precipitation acidity ([Ca2*]+[Mg*]/
[SO,>]+ [NO,]) reduced from 1.5 to 0.9. This ratio is
less than 1, which indicates incomplete acidity neu-
tralization of strong acid anions in snow melt water.
This resulted from a more significant increase in the
calcium concentrations (by a factor of 4.6) compared
to the concentrations of nitrates and sulfates (by a
factor of 1.6. to 3.6) over the study period. The aver-
age concentration ratio of major neutralizing cations
(K=[NH,*]+[Ca*"]+ [Mg**]+[Na*]+[K*]) to the
anion concentration (A=[SO,>]+ [NO,] + [CI']), K/A,
is 1, which, along with low mineralization, indicates
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Table 1. Study area and the number of snow sampling
sites in the Baikal region in 2023.

Study area Number of | Snow depth,
samples cm
Northen basin of Lake Baikal, 6 15-35 (26)
ice
North coast 65-94 (79)
Northwest coast 18-48 (32)
Zhigalovo-Severobaikalsk 12 33-147 (64)
highway
Southwest coast (Listvyanka 11 1-52 (35)
settlement)
Irkutsk-Listvyanka highway 8 30-60 (47)
Southeast coast 15 47-83 (65)

Note: average values are given in brackets.
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Fig.2. pH value in the snow melt water in the northern
basin of Lake Baikal in March 2012, 2015, 2020, and 2023.

that at present the system is still in a state of equilib-
rium, i.e. there is no current snow cover acidification on
the coast of the northern basin of Lake Baikal (Komov
and Lazareva, 1994; Vasilevich et al., 2011) (Table 2).
Although noteworthy is that from 2012 to 2023, there
was a trend of a gradual decrease in this ratio from 1.6
to 1.0

The average pH value for the four-year obser-
vation period was 5.9, which is typical of unpolluted
atmospheric precipitation. The obtained pH values are
comparable with corresponding average values of pre-
cipitation in 2023 at ten background Russian stations
included in the World Meteorological Organization
(WMO) Global Atmosphere Watch Programme, for
which this parameter ranges from 5.5. to 6.5 (Pershina
et al., 2024). The average pH value in the snow cover
on the coast of the northern basin of Lake Baikal (5.3)
in 2023 was comparable with those in the southwest
and southeast coasts of the lake that are not directly
affected to emissions from large industrial enter-
prises (5.0-5.3). However, it was higher that pH val-
ues characteristic of the snow cover in the Arctic areas
(4.97) and the background area of Lake Baikal-the
Baikal-Lena Nature Reserve (4.96) (Netsvetaeva et al.,
2020; Shevtsova et al., 2022). In the taiga zone, near
Zhigalovo-Severobaikalsk highway, the average pH
value was higher and ranged from 4.9 to 7.3.
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Table 2. Ratios of equivalent concentrations of major ions in the snow melt water from the northern basin of Lake Baikal

in 2023.
Ratio The coast of the Lake Baikal Zhigalovo-Severobaikalsk
northern basin highway
[SO,*1/INO,] 0.8 0.8
[NH,*]+ [Ca**]+ [Mg**] + [Na*] + [K*]/ 1.0 2.8
[SO,*]1+[NO,]+ [CL]
[Ca?*]+[Mg?*]1/[SO,>]+ [NO,] 0.9 3.0

3.2. Major ions in the snow meltwater
from the northern basin of Lake Baikal

The distribution of major ions in the snow cover
on the coast of the northern basin of Lake Baikal was
as follows: Ca** >NO, >S0 *>H*>Mg>* >HCO, >CI
>Na*>K*>NH,* (Fig. 3).

The chemical composition of the snow cover on
the coast of the northern basin of Lake Baikal and in the
industrial centers of the Baikal region differed signifi-
cantly in the relative concentrations of major cations
and anions. Calcium (30 eq%) and hydrogen (12 eq%)
predominated in the cation composition of the snow-
melt water from the coast of the northern basin of Lake
Baikal, while nitrates (19 eq%)-in the anion compo-
sition. The ratio of equivalent concentrations, [SO,*]/
[NO,T = 0.8 (Table 2) also evidences the leading role
of nitrates among anions. Nitrates also dominated over
sulfates on the southeast coast of Lake Baikal where the
relative concentration of nitrates was 20 eq%, with the
[SO,>1/[NO,] ratio of 0.7. This anion distribution is
typical of unpolluted background areas because of the
long-range transport of nitrogen oxides (Obolkin et al.,
2016; Sicard et al., 2023). In 2022, in the snow cover
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of the industrial cities in the Baikal region, sulfates, flu-
orides, and bicarbonates prevailed among anions, and
calcium, magnesium, and sodium-among cations (Fig.
3). Such a ratio of major ions is usually characteristic of
snow cover in large industrial centers where the impact
of fuel and energy complex and industrial enterprises is
significant (Novorotskaya, 2018; Gladun et al., 2024).
For instance, in the Ulan-Ude city, the relative sulfate
concentrations reached 18-23 eq%, while the nitrate
concentrations did not exceed 5-9 eq%.

The snow cover on the coast of the northern
basin of Lake Baikal was highly correlated (r=0.7-1.0)
between the following pairs of ions: SO,*-Ca**, HCO,
-Mg**, HCO,-Ca**, SO,>-Mg**, and HCO,-NH,*. This
indicates their common sources mainly of terrigenous
origin (Fig. 4).

Figure 5a shows a schematic map of the distri-
bution of major ions in the snow cover of the north-
ern basin of Lake Baikal in 2023 based on the Q GIS
software package. The size of each cartodiagram cor-
responds to a certain value of the total amount of ions
calculated for each snow cover sampling station. These
cartodiagrams allow simultaneous display of the con-
centrations of all ions and identification of the most

2%
3%

Southwest
coast

2%
2%
2%

Ulan-Ude

Shelekhov

Fig.3. Average relative ionic concentration (eq%) in the snow of the Baikal region in 2022-2023.
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As shown in Fig. 5a, the snow cover at station Fig.4. Pearson correlation coefficients between the ionic

13 (Severobaikalsk) had the highest total ionic concen- concentrations in the snow cover on the coast of the northern
tration (up to 31 mg/L) due to the impact of anthropo- basin of Lake Baikal in 2023.
genic sources of air pollution in the town. We recorded
the minimum values in the samples taken from the ice
of Lake Baikal near the Kichera gap, 1.2 mg/L (station
20), and in the basin of the Kichera, Upper Angara, and age). We recorded the maximum 2, 105 km away from
Dzelinda rivers, up to 2.6 mg/L (stations 21, 23, 24, the Zhigalovo settlement (station 2), which was due to
and 25, respectively). Notably, pH values at these sta- high air dustiness at this sampling site. Low Z, values
tions were small (5.2 on average). Relative remoteness were observed on the border of the Irkutsk Region and
of these areas from anthropogenic pollution sources the Republic of Buryatia where the snow cover depth
explains low pH and 2, values in the snow cover. In was maximum (station 10). Compared to the previous
the snow cover of the taiga zone near the Zhigalovo- snow survey data, 2, on the coast of the northern basin
Severobaikalsk highway, the total amount of ions var- of Lake Baikal showed a two- to fivefold decrease (Fig.
ied widely, from 1.1. to 17.1 mg/L (4.1. mg/L on aver- 6). Based on the concentrations of major ions and pH
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1529



Chebunina N.S. et al. / Limnology and Freshwater Biology 2024 (6): 1525-1545

values, we classified stations 10, 20, 21, 23, 24, and 25
as a background for the northern basin of Lake Baikal
and the entire Baikal region.

Table 3 shows the average concentrations of
major ions in the snow cover on the coast of the north-
ern basin for the four-year observation period (2012,
2015, 2020, and 2023). The concentrations of most
ions varied significantly depending on the type of ter-
rain and proximity to industrial zones and transporta-
tion routes.

The average concentration of major ions in the
snow cover of the northern basin of Lake Baikal in 2023
was 2 to 23 times lower than in 2012 (Table 3). A sim-
ilar trend can be traced in other regions of Russia. For
example, between 2019 and 2023, the average concen-
trations of major air pollutants and the emissions from
stationary sources and motor vehicles mainly decreased
in the Russian cities. Total sulfur dioxide emissions
from stationary and mobile sources reduced by 11%,
and nitrogen oxide emissions-by 2% (Yearbook of the
state..., 2024).

3.3. Biogenic elements in the snowmelt
water from the northern basin of Lake
Baikal

Mineral and total nitrogen. The average concen-
tration of mineral nitrogen in the snow cover of the
northern basin of Lake Baikal was 0.22 mg/L, ranging
from 0.13 to 0.28 mg/L. The total nitrogen concentra-
tion at different sites of the study area was from 1.8
to 2.2 times higher. We recorded the maximum con-
centration of mineral and total nitrogen in the vicin-
ity of Severobaikalsk (station 12). The bulk of nitrogen
outside the zone of anthropogenic impact had mineral
forms (56-60%). In areas with elevated anthropogenic
pressure (vicinities of Severobaikalsk, the coast at the
estuary of the Tyya River, the Baikalskoye settlement,
at the 105" km of the northern highway), in 2023, up
to 77% of nitrogen was organic. Calculation of the ratio
of different forms of nitrogen in the snowmelt water
indicated the predominance of nitrate nitrogen over
ammonia nitrogen.

Table 3. Average concentrations of major ions (mg/L) in the snow cover of the northern basin of Lake Baikal in 2012, 2015,

2020, and 2023.

Study area Period HCO, [ SO> | NO_ Cl Na* K+ Ca’* | Mg?>* | NH *
Northern basin of 2012 3.6 2.33 1.64 0.17 0.21 0.08 1.80 0.28 0.05
Lake Baikal, ice 2015 0.8 0.57 | 069 | 0.09 [ 0.08 | 0.03 | 053 | 0.09 | 0.01
2020 3.5 131 | 175 | 011 | 036 | 012 | 1.34 | 0.35 | 0.05
2023 0 0.47 | 0.80 | 0.03 [ 0.05 [ 0.03 | 0.32 | 0.05 | 0.03
M 2.0 1.17 | 1.22 | 0.10 | 0.18 | 0.07 | 1.00 | 0.19 | 0.04
s 1.8 0.86 | 055 | 0.06 | 0.14 [ 0.04 | 0.69 | 0.15 | 0.02
CV, % 94 73 45 58 81 67 69 75 55
North coast 2012 0.4 064 | 1.06 | 021 [ 01 | 011 | 049 | 0.07 | 0.11
2015 0.1 067 | 078 | 0.08 | 0.06 | 0.05 [ 033 | 0.06 | 0.11
2020 0.3 0.53 | 1.03 | 0.07 [ 003 | 012 | 0.70 | 0.08 | 0.05
2023 0 054 | 091 | 0.10 [ 0.05 | 0.06 | 0.40 | 0.06 | 0.01
m 0.2 0.60 | 0.95 | 0.12 | 0.06 | 0.09 | 0.48 | 0.07 | 0.07
s 0.2 0.07 | 013 | 0.06 [ 0.03 | 0.04 | 0.16 | 0.01 | 0.05
CV, % 91 12 14 56 49 41 33 14 70
Northwest coast 2012 11 442 | 155 | 0.16 | 0.14 | 0.24 | 451 | 0.49 | 0.29
2015 3.4 179 | 0.88 | 0.17 | 0.10 | 056 | 1.03 | 0.23 | 0.34
2020 1.7 141 | 118 | 0.10 | 0.06 | 037 | 1.19 | 0.22 | 0.26
2023 1.1 096 | 0.84 | 009 | 005 [ 014 | 079 | 013 | 0.07
m 4.3 2.15 | 1.11 | 0.13 | 0.09 | 0.33 | 1.88 | 0.27 | 0.24
) 4.6 155 | 0.33 | 004 | 004 | 018 | 1.76 | 0.16 | 0.12
CV, % 106 72 30 31 47 55 94 58 49
Zhigalovo- 2012 1.4 0.47 | 1.00 | 0.09 | 007 [ 010 [ 059 [ 0.09 | 0.09
Soneelelivlk 2015 1.9 059 | 072 | 0.16 | 0.08 | 0.13 | 0.76 | 0.10 | 0.12
highway
2020 2.6 0.65 | 0.84 | 0.10 | 0.06 [ 0.10 | 1.10 | 0.13 | 0.03
2023 1.8 0.44 | 083 | 019 | 007 [ 0.07 | 1.01 | 0.07 | 0.02
M 1.9 054 | 0.85 | 0.14 | 0.07 | 0.10 | 0.87 | 0.10 | 0.07
s 0.5 0.10 | 0.12 | 0.05 | 0.01 [ 0.02 | 023 [ 0.03 | 0.05
CV, % 26 18 14 36 12 24 27 26 74

Note: |1 — average value; X — standard deviation; CV - coefficient of variation, %.
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Fig.6. Average amounts of ions (mg/L) in the snow cover of the Baikal region over the four-year observation period.

Unlike other ions, the concentrations of nitrate
nitrogen were evenly distributed in the snow cover of
the northern basin of Lake Baikal. The concentration of
this element in 2023 averaged 0.19 mg/L, which was
two to five times lower than similar values in other
areas of the Baikal region. Insignificant variation in the
concentrations of nitrate nitrogen (26% on average)
in comparison with other ions evidences the predomi-
nance of transboundary and regional background com-
ponents over the influence of local air pollution sources
(Table 3). In clean areas, the proportion of nitrate
nitrogen was 96-97% of its total concentration and
decreased to 77% in the vicinities of Severobaikalsk. In
Severobaikalsk itself, ammonia nitrogen dominated (up
to 70%), indicating its anthropogenic origin.

Mineral and total phosphorus. The concentra-
tion of mineral phosphorus in the snow cover of the
northern basin ranged from 0.3 to 33 pg/L, and the
total phosphorus concentration—from 3 to 61 pg/L.
We observed the maximums of average values of
these elements (14 and 33 ng/L, respectively) on the
northwest coast, near the Severobaikalsk town and the
Baikalskoye settlement. Noteworthy is that obtained
values were rather high at this site, which was likely
due to the increased natural background, the presence
of phosphorus compounds in the soil (Belozertseva et
al., 2023), and anthropogenic pollution.

3.4. Pollutant accumulation in the snow
cover of the northern basin of Lake Baikal

We determined pollutants entering the underly-
ing surface in the northern basin of Lake Baikal based
on the results of chemical analysis of samples of the
snow cover that formed during the winter (November
to February-March) (Table 4). The accumulation of
chemical elements in the snow cover depends on the
stored snow moisture and the concentrations of the ele-
ments to be determined.
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The total accumulation of ions characterizes the
overall pollution of the snow cover. In the northern
basin of Lake Baikal, this value over four years of obser-
vations ranged on average from 230 to 440 mg/m?. In
2023, we determined the highest = accumulation in the
taiga zone of the Zhigalovo-Severobaikalsk highway
owing to the large volume of the stored snow moisture
in some areas of this route (up to 135 mm). The mini-
mum accumulation in 2023 was recorded on the lake
ice where stored moisture was ~50 mm. Moreover, the
period of accumulation of the studied elements in the
snow cover on the lake ice was two times lower than
on the coast. To correctly compare the accumulation
values on the ice and on the coast, we doubled the cal-
culated data on the accumulation in the water area of
the lake (Table 4). The comparison revealed that the Z,
accumulation in the snow cover of the northern basin
of Lake Baikal was two times lower than in the south-
ern basin and two to six times lower than in the indus-
trial canters of the Southern Baikal region (Table 4).

The calcium (the main alkaline element) accu-
mulation in the snow cover of the northern basin for
the study period ranged on average from 40 to 70 mg/
m? In 2023, this value was 1.3 and 2.3 times lower
than that on the southeast and southwest coasts of Lake
Baikal, respectively. Compared to the industrial centers
in the Baikal region (except for the Shelekhov city), this
value was two to six times lower.

The most significant for non-industrial “clean”
areas is the accumulation of acidic elements such as
sulfate sulfur (S(SO,*), mineral nitrogen (ZN_,
= N(NO,)+N(NH,*), and hydrogen ions (H*). The
total accumulation of mineral nitrogen in the northern
basin of Lake Baikal during the study years was 16-27
mg/m?2. In 2023, we recorded the highest values on
the ice of the Umbella River (station 8) and near the
Kunerma settlement (station 9) where the stored mois-
ture was maximum (190-215 mm). The minimum val-
ues of the nitrogen accumulation (less than 10 mg/m?)
were observed on the west coast and on the ice of
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Table 4. Accumulation of chemical elements (mg/m?) and stored moisture (mm) in the snow cover of the Baikal region in

2022-2023.
Study area HCO, [ S(S0,») N Ca** H* P 2, Stored
moisture, mm
Northern basin of 0 12-20 12-22 22-38 0.6-1.4 0.02-0.2 124-214 32-55
Lake Baikal, ice 14 18 30 1.0 0.1 164 47
North coast 0 10-27 11-28 22-54 0.3-2.0 0.04-0.8 117-291 72-150
19 22 42 0.9 0.3 225 106
Northwest coast 0-108 8-25 7-14 14-70 0.03-1.0 0.2-1.6 76-335 29-59
45 14 11 35 0.3 0.7 180 44
Zhigalovo- 0-1522 7-24 8-41 16-563 0.01-2.8 0.06-1.6 92-2288 46-215
Severobaikalsk 192 14 20 101 0.7 0.7 460 108
highway
Southern basin of 0-170 1-120 10-105 3-285 0-4.2 0-1.3 280-1270 1-190
Lake Baikal 6 50 50 115 0.9 0.2 610 100
Shelekhov* 33-350 | 20-160 | 20-235 1-190 0-0.04 0.03-1.6 260-2130 20-50
92 60 50 40 0.02 0.2 820 35
Irkutsk* 5-1055 | 15-135 8-66 25-420 0-0.38 0.02-3.6 175-2035 20-62
130 66 36 150 0.04 0.4 680 33
Angarsk* 7-8100 | 17-850 20-60 35-3135 0-0.07 0-1.8 190-14900 12-45
630 105 32 320 0.02 0.2 1460 27
Ulan-Ude* 0-320 25-340 15-70 40-190 0-0.09 0.2-2.6 200-2280 11-36
120 60 35 110 0.02 0.7 540 20

Note: *- the 2022 data.

Lake Baikal where the stored moisture was seven times
lower. Compared to the southern basin of Lake Baikal,
the mineral nitrogen accumulation was three times
lower.

The accumulation of sulfate sulfur in the snow
cover of the northern basin of Lake Baikal in the study
years ranged from 14 to 25 mg/m?, with the minimum
values recorded in 2023. Analysis of the obtained data
indicated that the average accumulation of sulfur in the
snow cover of the northern basin of Lake Baikal was
three to seven times lower than on the south coast of
the lake and in the industrial cities of the Baikal region,
respectively.

As shown in Table 3, the H* accumulation in the
snow cover of the northern basin of Lake Baikal was
on average 1.2. times lower than in the southern basin.
This is associated with both a lower stored snow mois-
ture in the north of the lake and higher pH values in the
snowmelt water.

The P_, . accumulation in the snow cover of
some areas on the northwest coast of Lake Baikal and in
the taiga zone along the northern highway was rather
high. It was comparable to the similar value in the
Ulan-Ude city and was two to four times higher than
in the industrial centers of the Southern Baikal region.

4. Conclusion

Currently, the snow cover in the northern basin
of Lake Baikal shows low mineralization and domi-
nance of nitrates in the anion composition. In the inter-
annual dynamics, the total amount of ions and pH in
the snowmelt water gradually decreased over the study
years. Nitrate nitrogen was the predominant form of
mineral nitrogen in the snowmelt water. The bulk of
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chemical elements had lower concentrations than on
the southwest coast of the lake and were comparable
to regional background values. The concentrations of
mineral phosphorus in the snow cover of some areas of
the northern basin of Lake Baikal were rather high due
to the increased natural background and anthropogenic
pollution.

The accumulation of the total amount of ions,
calcium, sulfate sulfur, and mineral nitrogen in the
snow cover of the northern basin of Lake Baikal was
two-three times lower than in the southern basin and
two to seven times lower than in the industrial cen-
ters of the Southern Baikal region. The accumulation
of mineral phosphorus in some areas of the northern
basin was comparable to the corresponding value in the
Ulan-Ude city and two to four times higher than in the
industrial centers of the Southern Baikal region.

Based on the concentrations of major ions and
pH values, we identified areas that can be considered
background for the northern basin of Lake Baikal and
the entire Baikal region. The relative remoteness of
these areas from large sources of anthropogenic pollu-
tion explains the low concentration of the total amount
of ions and pH value.
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JIumHostoeuneckuti uHcmumym Cubupckozo omdesteHua Poccuiickoti akademuu Hayk, Yian-Bamopckas, 3, Hpkymck, 664033,

Poccua

AHHOTAILHMA. [TpeacTasiieHsl pe3yabTaThl NUCCIEeIOBAHNUA XMMHUYIECKOr0 COCTaBa CHEXXHOIO IIOKPOBA B
patione CeBepHoro Baiikasa B 2023 r. OnieHeHO IPOCTPaHCTBEHHOE paclipefiejieHlie OCHOBHBIX XUMU-
YeCKHUX KOMIIOHEHTOB B CHEXHOM IOKpoBe. OCOOEHHOCTBhI0 NOHHOTO COCTAaBa CHETOBBIX BOJ B CpaBHE-
HUU C IPOMBIIIJIEHHBIMY PalilOHaMU ABJIsIETCA BEICOKOE OTHOCUTEJIBHOE cofiepXaHle HUTPAaTOB U NOHOB
BOJIOpoAa. PaccunTaHO HaKoOIJIeHNE IJIaBHBIX MOHOB U OMOTeHHBIX KOMIIOHEHTOB B CHEXXHOM IIOKPOBe.
[TpoBesieH cpaBHUTEJIbHBIN aHAIN3 OJIyYeHHBIX SKCIIepUMEHTaIbHBIX JaHHBIX C PETMOHAJIbHBIMU (POHO-
BBIMU 3HAUeHUsAMHU U pe3yJjibTaTaMy aHaJIOTUYHBIX KCCJIeJOBAHNUI B IpoLLIble rogpl. OTMedeHa TeHeH-
[ K CHMXXKEHUI0O MUHEpaIn3ali U yBeJIMYeHNI0 KMCJIOTHOCTH CHErOBHIX BOZ 3a nocienHue 11 jert.
Huskue 3HaueHNs CyMMBbI HOHOB U BeJIMYMHEL PH B CHEXXHOM IIOKPOBE B OTAEJIbHEIX palioHax CeBepHOro
Baiikajia Mo3BoJIAIOT OTHECTU UX K (GOHOBBEIM TeppUTOPHUAM [JiA Bcero batikaabckoro pervosa.
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1. BBeapenue

Hcnosp30BaHue CHEXHOrO IOKpPOBa B KayecTBe
o0beKkTa HccaefOBaHUA I 3KOJIOTO-Tre0OXUMHUYEeCcKOH
XapaKTepPUCTUKU TEPPUTOPUI C pasjIMyHOM aHTpO-
MOTeHHOU Harpys3koil B mocjieqHee BpeMA Ipuodpe-
Taet Bce GosblIyio aktyasibHOCTh (Wang et al., 2018,
Thapa et al., 2020; Szuminska et al., 2021; Shen et al.,
2023). INomobHas TeHeHIMA 00yCJIOBJIEHA MTPOCTOTON
U JOCTYIHOCTBIO IIpoljecca Npo6ooTOOpa CHEXHOIO
MOKPOBA, €ro BHICOKOIN COPOLIMOHHON CIIOCOOHOCTBIO K
HaKOIUJIEHUIO0 3arpsA3HAKIINX BellecTB, MOCTYIAMNX
u3 arMocdepsl B pe3yJibTaTe CyX0oro U BJIaXXHOI'O BEIMA-
JleHus, a Tak’ke BO3MOXXHOCTBIO OIIeHKU YPOBHA 3arpss-
HeHUA aTMOocGepHOro BO3iyXa B TeueHKe HECKOJIbKUX
MecsIeB 3uMHero nepuopa. Kak nsBecTHo, Tajible cHe-
roBBle BOABI MOT'YT OKa3blBaTh BJIMAHLE Ha COCTOSHUE
[I0YBEHHOTO IIOKPOBAa, BHI3bIBasg HM3MeHeHUe ero KHC-
JIOTHOCTH, a TakKXe CIOCOOCTBOBaTh 3BTpOdUKaAINN
BOJHBIX 00beKTOB. [ BalikaibCcKoro permoHa uccie-
JIoBaHUe XMMUYeCKOoro cocTaBa aTMocgepHBIX BhIIaje-
HUI UMeeT 0COOyI0 3HAQUMMOCTh, IIOCKOJIBKY Ha 3TOH
TeppUTOPHUU PACIIOJIOKeHO YHUKaJIbHOe 03epo bBatikai,
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ABJIAIONIEECS HCTOYHUKOM YHCTON ITMTHEBOUM BOJIBI
MHUPOBOT'0 3HAUYEHUA.

[TepBeie pabOTEHI IO OLIEHKE XUMUYECKOTO COCTaBa
aTMocdepHbIX ocagkoB balikajpCKOro perruoHa mpoBe-
nennl B Havasie 1950-x rr. BorunneBsiM K.K. (1954).
C 1962 r. MOHUTOPHHTOBEIE MCCJIEAOBAaHMA BEJINCh HA
OATU CTAaHOUAX WPKyTCKUM yIpaBJIEeHMEM THPOMET-
cayx0el. B 1970-1980 rr. ucciegoBaHUA KacajlUCh
U3MEHEHUN B XMMHYECKOM COCTaBe OCAJIKOB B CBS3U
C yBeJMuYeHHeM OOIIero 3arpsAsHeHus artMocdepnl OT
PA3JIMYHBIX MPOMBIILIEHHBIX 00beKTOB (BOTWHIIEB U
Xomxep, 1981; Xomxep, 1983; Basmukosa u ap., 1985).
C Havasna 1990-x IT. B CBA3U C 3allyCKOM HOBBIX IIpeJ-
MpUATUN B pervuoHe OOJIBIIOE BHUMAHUE Y]IEJISAIOCH
KHCJIOTHOCTU aTMocdepHbix ocagkoB (OOOJIKUH U
Xopxep, 1990; EpmakoBa, 1998; YpbanasuueHe u ap.,
1998).

3a nocjeqHue eCcATUJIETUS B OOJIbIIEH CTEeNeH!
HCCJIeJOBAH CHEXHBIN MOKPOB Ha TeppuTtopuu KOXXKHOTO
[Tpubatikaabpa. OnpenesieH U30TOMHBIN U 3JIeMeHTHBIN
cocTaB CHEXHOIO IOKpoBa B UpkyTcke, JInCTBAHKE, HA
nobepexbe 03. Batikan (UrkoBa u ap., 2015; YeObkuH
u ap., 2018; Orumyk u ap., 2023). IIpoBegeHa oreHKa
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YPOBHA 3arps3HeHNus CHeXXHOI'o ITOKpoBa o3epa barikan
HedTenpoaykramu (BesnosepiieBa u Ap., 2018; AHuyK,
2018), NOJUIUKINYECKUMU apoMaTU4ecKUMU yTJie-
Bogopomamu (Mapunatite, 2005; Adonuna, 2024),
MOJIMXJIOPUPOBAaHHBIMU OudeHunamu (MaMOHTOB U
ap., 2006; HuxonoBa u I'opmikos, 2007). OnpeneieH
MaKpOKOMIIOHEHTBIII COCTaB CHEroBBIX BOJ B pai-
oHe IOxHoro Baiikama (CopokoBukoBa u Ap., 2004;
Tombepr u pap., 2016; BopobGreBa u ap., 2016;
[Mapaguna u fp., 2016), Ha 1oro-3anagHoM mobepexbe
o3epa Baiikan (AHuyk, 2020). VccienoBaHo BJIMsAHNE
KPYIIHBIX NPOMBIIIJIEHHBIX I[eHTpOB Iora MpKyTCKOI
obsactu u Pecny6iuku BypATua Ha 3arpssHeHue
cHexxHoro mokpoBa IIpubGatikanmba (Obolkin et al.,
2016; Molozhnikova et al., 2022). Atmocdepa FOxHOro
[Tpubalikanbsd, Kak cjaefyeT U3 paHee NpPOBeJeHHBIX
HccjieJIoOBaHul, UCHBITHIBAET OLIYTUMYI0 aHTPOIOIeH-
Hylo Harpysky. Tak, BEIOpockl B aTMocdepy OT Ipef-
NpUATUN TeIUIOHepreTUKu B MpKyTckoil ob6jacTd B
2022 r. coctaBuinu 270,4 Teic. T (T'oc. Hokiag..., 2023).

JI714 o1leHKU cTelleHY TeXHOTeHHOI'O BO3AeCTBUA
Ha yHUKaJIbHYI0 IPUPOJHYI0 cpeay o3epa balikas HeoO-
XO[MO MCCJIeJOBaHHE XMMHUYECKOI'O0 COCTaBa CHEX-
HOIO MOKPOBa He TOJIBKO B palioHax ¢ pasBUTOH INpo-
MBIIIIJIEHHOCTBIO, HO U B HENPOMBIIJIEHHBIX (POHOBBIX
paiioHax, sKocuCcTeMa KOTOPBIX 0c000 YyBCTBHUTEJIbHA
K J1000My HeraTUBHOMY BO3[eHCTBUIO. J{OBOJIBHO
OAPOOHO H3ydeHb aTMocgepHble BBHIIAJIeHUA Ha
Tepputopuu balikajabCKOro rocyiapcTBEHHOIO IIpH-
POAHOrO 3aloBeJHUKA, PacloOXeHHOIo Ha I0ro-BoC-
TOyHOM MobGepexbe o3epa Baiikan (EpmakoBa, 1998;
YpbaHaBuueHe u Ap., 1998; HeuseraeBa u ap., 2004;
MounoxHukoBa u fp., 2023). l'eoxumuyeckue xapak-
TepUCTUKU CHEXHOro IOKpoBa B paiioHe CeBepHOro
ITpubalikasibs, UCOBITHIBAIONIEIO HE CTOJIb 3HAUYUTEJIb-
Hoe B cpaBHeHuu c IOxubM [IpubalikaibeM BIHAHUE
XO3AMCTBEHHO! [1eATeJIbHOCTU YesloBeKa, M3Yy4YeHBl B
MeHblieil crerenu (Xomxkep, 1987; Besnosepiesa u ap.,
2018; Netsvetaeva et al., 2020; BesmosepueBa u [p.,
2023).

CeBepHoe [Ipubaiikajibe pacloJioXXeHO Ha Tep-
putopuu MpkyTckoil obaactu u Pecriybamku BypsaTus.
Knumar CeseprHoro IIpubaiikasibsg pe3KO KOHTHHEH-
TanbHBIN. [lo maHHBIM MeTeocTaHUMM HukHeaHrapck,
CpefHAs rojioBasg CyMMa OCaJKOB COCTaBJIET OKOJIO
353 mM. Haunbosblee KOJIMYeCcTBO OCAAKOB 3a HCCJIe-
ayemblil 3uMHUI nepuon 2022-2023 rr. BBHIAJIO B
AHBape (35 Mm). ®eBpasib ABIAJICA CaMBIM Majloc-
HeXHBIM MecsieM (6 mM). IIpeobiafaiiee Hampas-
JeHUe BeTpa - ceBepo-3amagHoe (Jleromucs..., 2022;
IMoroma..., 2022). HawuboJyiee KpynHBIMM HaceJeH-
HBIMU IIyHKTaMH B palioHe HCCJIe[JOBaHUS SABJIAIOTCA
r. CeBepobaiikaibcK U noc. HuxHeaHrapck ¢ Haceie-
HUEeM OKoJIO 23 U 15 ThIC. YeJIOBEK COOTBETCTBEHHO
(Bcepoccutickas nepenucs..., 2020). K ocHOBHEIM cTa-
LIOHApHBIM HMCTOYHHKAaM 3arps3HeHus aTMochepHOro
Bo3ayxa r. CeBepoOaliKajbCK OTHOCATCA IpefIpu-
ATHA TeIJIOBHEPreTUKU U IMPOMBIIIJIEHHOCTY, aBTO-
MOOUJIBHBINL U XKeJIe3HOJIOPOXXKHBI TpaHCHOPT U Ap.
CyMMapHble BHIOPOCHI 3arpA3HAIIINX BelleCcTB OT CTa-
LIMOHAPHBIX UCTOYHUKOB I. CeBepobaiikasibcka B 2023
r. coctaBuiu 3,9 Teic. T. (I'oc. moknaf..., 2024).
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Hacrosimjasa pa6oTa HOCBAIEHA KCCIIEAOBa-
HUIO OCOOEHHOCTEN XMMHYECKOr0 COCTaBa CHEXHOTO
nokpoBa Ha CeBepHOM Baiikajsie U OIleHKe YpOBHEP
HAaKOIUJIEHUs] OCHOBHBIX MOHOB M GHOTEHHBIX KOMIIO-
HEHTOB B CHEXXHOM ITOKPOBE B COBPEMEHHBIN EPUO/.

2. MaTtepuanbl U MEeTOADI

J71A OLleHKH 3KO0JIOTUYeCKOro COCTOSHUA aTMOoC-
depsl B paiioHe CeBepHoro balikana u KkoJsmdecTBa
3arpA3HAINIYX BellecTB, NOCTYNAKIUX Ha MOACTHIIA-
IOIIYI0 TIOBEPXHOCTh 3a XOJIOAHBIN mepuof 2022-2023
rr. (HosI6pb-MapT), B Iepro MakKCUMaJIbHOI'0 CHeroHa-
KoIIeHuA B balikajbCKOM permuoHe, poBefieHbl CHEero-
MepHbIe ChbeMKU Y CTOMYUBBIN CHEXHBIN TOKPOB Ha 3TOM
TeppuTopuu chopMupoBascsa B cepequHe HOAOpsA 2022
r. CHeromepHble Cb€MKU BHIIIOJIHeHBl HaMu 8-12 mapTa
2023 r. Ot6op mpob B patioHe CeBepHoro baiikasa
ocyllecTBJIAJICA B OacceliHe IIPUTOKOB CEBEPHOIO U
ceBepo-3anaaHoro nobepexuii baiikasga Ha momagKax
(crannusax) - (pp. Bepxusa Aurapa (craniuu 23, 24),
Kuuepa (crannusa 21), XonoaHas (craHius 22), Teid
(crannusa 14)), B r. CeBepobatikayibcke (cTaHius 13),
co Jpaa o3epa B patioHe Kuuepckoil nmpopssl (cTaHINA
19, 20), B TaexHOI 30He BHOJb aBTOTpacc «25H-152
MaructpanbHbii — OkyHaiickuii», 25K-258 «Yerb-KyTt —
CeBepobaiikasbck» (ctannuu 1-11) (gaiee aBTogopora
XKuranoso-CeBepobarikasbck). [ UCK/II0UeHus BJIU-
SAIHWAA JOPOXXHOM INBUIM M BBIXJIONHBIX I'a30B aBTOTpaH-
criopta otrbop mpousBedeH Ha paccrosHuu 100-200
M oT aBTogopor. Kpome toro, 20-28 ¢despana 2023 r.
cHer otoOpaH B [pyrux paiioHax balikaibckoro peru-
OHa, I'le OTCYTCTBYIOT KPYIHbIE IIPOMBIIIIEHHBIE IIped-
IIpUATHA - Ha 10ro-3alaJHOM Iobepexbe o3epa balikai
B moc. JlucrBsgHka (ctaHuuuy 26, 27), Ha Or0-BOCTOY-
HOM mnobOepexbe o3epa (B OacceliHe pek CHexHas,
[NlepeemHas, Xapa-MypuH, CoJsizaH, YTyJIUK — CTaHIIU
36-41)) u B JlecHOM MaccuBe BJI0Jib Tpacchl «25H-209
UpkyTck — JluctBsanka» (ctannuu 28-35) (Puc. 1).

JnA cpaBHeHUs TOJIy4eHHBIX MaTepHasoB
HCIIOJIb30BAJIMCh JaHHBIE II0 XMMHYECKOMY COCTaBy
CHEXHOI'0 MOoKpoBa, orobpaHHoro B 2012, 2015, 2020
IT. B palioHe CeBepHoro bBalikayia Ha Tex Xe CTaHLUAX,
a TakXe JaHHble CHerocb€MOK 2022 r. B MPOMBIILIEH-
HBIX LeHTpax baiikasbckoro permoHa (rr. HpkyTck,
[lenexoB, AHrapck, YaaH-Ya3) (Molozhnikova et al.,
2023). JlaHHbBIe MO KOJIMYECTBY OTOOpaHHBIX Mpob6 U
BBICOTE CHEXXHOT'0 [IOKPOBA Npe/icTaBiieHkl B Tabune 1.

Bcero Ha uccnegyemoil Tepputropun B 2023 T.
oTobpaHo 66 mpob cHexHoro mokposa (Ta6iuma 1),
3a nepuof ¢ 2012 no 2020 rr. Ha CeBepHOM bBaiikase
- okoJio 100 mpo6. OTH6Op KepHOB CHEXHOrO MOKPOBa
[IpoBefieH Ha IOJIHYI0 ITyOMHY ero 3ajieraHus, HCKJIo-
yasA 3axBaT 4acTHI] IPyHTa C UCIOJIb30BaHUEM rpajy-
WPOBaHHOM IJIACTUKOBON TpPyOBl Auamerpom 11 cwm.
Ha spay o3epa, rae BbICOTa CHEXHOI'O IMOKPOBBI HEBHI-
COKa, IIpoOBl OTOMpasiach C ONpeAeseHHON IJIOMAaau ¢
[IOMOIIBI0 IIJIACTUKOBOTO COBKa. Bjiarosamac B CHeX-
HOM IIOKpOBe ompefesiAjcsa Kak OTHOLIeHHe oObema
pacTomnsieHHON mnpoObl K IUIOMIAIM, C KOTOPOU OTOU-
pasncsa cHer (Bacusenko u np., 1985). OnpepneneHue
XMMUYECKOr0 COCTaBa CHEroBOM BOJBI BHINOJIHATIOCH C
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Puc.1. Kapra or6opa nmpob CHeXXHOro okposa B BalikajibckoMm peruoHe B 2023 r.

HCIOJIb30BaHNeM OOMIeNPUHATHIX T'MAPOXUMUYECKUX
metroauk (Khodzher et al., 2016; AHajJuTHYECKHUE...,
2017) B aKKpeqUTOBaHHOH J1abopaTOpUU I'UIPOXUMUU
U xuMum atMocdepsl U LleHTpe KOJIJIEKTUBHOTO I10JIb-
3oBaHusa JIMMHOJIOrMYeckoro MHCTUTyTa CubHpPCKOro
oTheneHus Poccuiickoit akafgemuu Hayk (r. UpkyTck).
KonneHTpanuy KaTUOHOB MeTaJJIOB OINpelesiain
METOJIOM AaTOMHO-abCOpPOIIMOHHON  CIIeKTPOMETPUU
(cnekTpoMeTp aTOMHO-abcopOIMOHHBIN contrAA 800,
F'epmaHNs), aHMOHOB — MIOHHOU xpomartorpadueit (MoH-
HbeI!l xpomaTtorpad ICS — 3000, Dionex, CIIIA), 6uoreH-
HBIX 3JIEMEHTOB — (POTOKOJIOPUMETPUYECKIM METOJI0M
(botomerp dotoanektpuueckuii KDK-3-01-«30M3»,
Poccus; CIIEKC CCII-705M, Poccus), pH — noreHnu-
oMeTpuuyeckuM wmetoaoM (pH-meTp «Oxcrept-pH»,
Poccus).

3. Pe3ynbTatbl M MX 06Cy)XpAeHHue
3.1. Beanuuna pH B cHeroeom Boae B
pavoHe CeBepHoro bankana

PacriaBel CHeXHOro moKpoBa Ha IoOepexbe
CeBepHoro bBaiikasa B 3umHuil nepuon 2022/23 r.
uMesu cJIaboKUC/IyI0 peakuuio cpefbl. BemmumHa pH
u3MeHsAJIach B AuanasoHe 4,7-6,1, cocraBisas B cpen-
HeM 5,3 en. pH (Puc. 2). MuHuMaJsbHble 3HAauYeHUs
3adukcrupoBaHbl Ha mnobepexbe p. Kuuepa (craHuus
21), makcumMmasibHble - Ha nobepexbe p. ToiA BOIM3U
r. CeBepobatikasibck (crannus 14). B camom ropoje
BesinunHa pH mocturasna 3Havenuit 7,2 en. pH, uro,
BEPOSITHO, O0YCJIOBJIEHO Bo3zelicTBreM BeIOpocos TOL]
Y MeCTHBIX KOTeJIbHBIX (I1[eJIOYHBIX KOMIIOHEHTOB 30JIb
CrOpeBIIero TOIUINBA).

B MexromoBoil [uHaMHKe OTMeUYeHO INOCTelleH-
HOe yMeHbllleHHe BeJInurHb pH B CHeroBbx BoAax 3a
roasl uccienosanusa (Puc. 2). [Ipu aTomM BennunHa
OTHOIIEHUs S5KBHUBAJIGHTHBIX KOHLIEHTpAIlMil OCHOB-
HBIX JOHOB, OIpENeJIAIIMX KHUCJIOTHOCTh OCAgKOB

Ta6smna 1. PaiioH McciieJoBaHUSA M KOJIMYECTBO TOYEK
oTbopa cHeXHOro 1nokposa B balikasibckoM pervone B 2023 1.

PaiioH HMcciieJOBaHUA KosmmuecTBO BricoTa
npo6 CHEXHOI'0
MOKPOBA, CM
CeBepHbii Baiikasn, jef 15-35 (26)
CeBepHoe mobepexne 65-94 (79)
CeBepo-3anajjHoe mobepexne 18-48 (32)
ABTOmOpOTa 12 33-147 (64)
XKuranoso-CesepobaiikaabCck
IOro-3anamHoe noGepexse 11 1-52 (35)
(mmoc. JIncTBAHKA)
AsTonopora UpkyTck 8 30-60 (47)
— JIucTBAHKA
IOro-BocTouHoe nobepexne 15 47-83 (65)

IIpumeyaHue: B ckOOKax -

pH
oy bh -1 Lh em

bl

Lh

cpeaHee 3HauYeHUeE.

Lh LA

2012 2015

Puc.2. BenuunHa pH B

2020 2023

CHEroBOH BOJle B paiioHe

CeBepHoro baiikana B maprte 2012, 2015, 2020, 2023 rT.

1537



YebyHuHa H.C. u dp. / Limnology and Freshwater Biology 2024 (6): 1525-1545

[Ca**]+[Mg>*]1/[SO,*]1+ [NO,], ¢ 2012 r. mo 2023 r.
cHu3wiack ¢ 1,5 mo 0,9. 3HaueHHe JaHHOIO OTHOIIIE-
HUA MeHbllle 1, YTO CBUETeIbCTBYET O HENOJIHOM Hell-
Tpaju3aniy KUCJIOTHOCTU aHUOHOB CUJIBHBIX KHCJIOT
B CHEroBOH Boje. DTO IPOM3OLLIO BCJieACTBUE OoJiee
3HAYUTEJIBHOTO YMEHbIIeHUsA KOHLIEHTpauii KaJiblus
(B 4,6 pa3za) o cpaBHEHUIO C cofepXaHUeM HUTPATOB
u cynabdaros (B 1,6-3,6 paza) 3a paccMaTprBaeMbIil
nepuop. CpeliHee Xe OTHOIIEHUe COJAepXaHUs TJiaB-
HBIX HelTpanusyommux katnoHoB (K = [NH4+] + [Ca?
1+ [Mg?*]1+[Na*]+[K*]) Kk comepXaHUI0 aHUOHOB
(A=[SO,>]1+[NO, ]+ [CI']) K/A paBHoO 1, uTO Hapangy
C HM3KOU MUHepaJ3al{iil CBU/IeTeJIbCTBYET O TOM, 4TO
B HACTOSAIIWI IEPUOJ] CHCTeMa ellle HaXOAUTCS B COCTO-
SIHUM paBHOBECHs, T.e. 3aKUCJIeHre CHEXXHOro MOKPoBa
Ha nobepexbe CeBepHoro balikayia B HacToslee BpeMs
He npoucxoaut (Komos u JlazapeBa, 1994; BacuseBuu
u ap., 2011) (Tabnuna 2). XoTs cieqyeT OTMETUTb, YTO
¢ 2012 r. mo 2023 r. HaMeTUJICA TPeH[ MOCTEIIeHHOro
CHMXEeHMs JaHHOro oTHomeHus ¢ 1,6 mo 1,0.

CpenHee 3HaueHMne BennunHbl pH 3a paccMmatpu-
BaeMblll 4-X JIeTHUI Nepuof HaOJII0JIeHN COCTaBUIO
5,9, 4To XapakTepHO [JJis He3arpsA3HeHHbIX aTMocdep-
HBIX ocafkoB. [losydyeHHble BenuuuHbl pH comocra-
BUMBI C COOTBETCTBYIOU[MMHU CpeJHMMH 3HaueHUSIMU
ana ocaakoB Ha 10 GOHOBBIX pPOCCUMCKUX CTaHIUAX,
BXOJAILIUX B ccTeMy I'1o6ambHOM ci1yX0Obl aTMocdhepbl
BceMupHol1 MeTeopoJsioruiyeckoii opranuzanuu (BMO)
3a 2023 r., 4J11 KOTOPHIX 3TOT MOKa3aTesib HaXOAWJICA
B npefenax 5,5-6,5 (IlepmunHa u np., 2024). Cpennss
BeJinurHa pH B CHeXHOM IIOKpoBe Ha Iobepexbe
CeBepHoro Baiikana (5,3) B 2023 r. cpaBHHUMA C TaKo-
BBIMM Ha IOro-3alajHoOM U I0r0-BOCTOYHOM IobGepe-
XbAX 03epa, He IOJIBEp)KeHHBIX HeloCpeJCTBEHHOMY
BO3/IeMICTBUIO BBIODOCOB KPYIHBIX IPOMBIIIJIEHHBIX
npeanpusatuii (5,0-5,3). OgHako OHa BhIllle BeJTUYUH
pH, xapakTepHBIX [Jii CHEXHOrO IOKpOBa apKTHue-
CKUX parioHOB (4,97) u ¢oHoBoro parioHa o3. Baiikan
- batikamno-JleHckoro 3anoBeHuKa (4,96) (Netsvetaeva
et al., 2020; [leBrioBa u Ap., 2022). B TaexHON 30He
B paiioHe aBToTpacch JKuranoso-CeBepobaiikaibCck
cpeniHee 3HaueHue pH 65110 BhiIe (5,8) 11 M3MeHAIOCh
B IIpefenax 4,9-7,3.

3.2. N'haBHbIe HOHBbI B CHEroBOM BoAe
CeBepHoro baKkana

PacnpenieneHvie ry1aBHBIX UMOHOB B CHEX-
HOM TIOKpoBe Ha mnobGepexbe CeBepHoro Baiikasna
BRITJIAAUT ciefgyoommMm obpasom: Ca?* > NO, >SO 42'
>H*>Mg** >HCO, >CI'>Na*>K*>NH,* (Puc. 3).

X¥MHYecKuil cocTaB CHEXHOIO IOKpoBa B pail-
oHe nobOepexbs CeBepHoro balikasia ¥ B IPOMBIILIEH-
HBIX IleHTpax balikaibckoro pernoHa cyuiecTBeHHO pas-
JIN4aeTcs 0 OTHOCHUTEJIbHOMY COAepKaHUI0 OCHOBHBIX
KaTHOHOB M aHMOHOB. B KaTMOHHOM COCTaBe CHEroBOM
BoJibl mMobepexbsi CeBepHoro balikasiia npeoGiagaroT
noHsl Kanmbuua (30%-3kxB.) u Bomopona (12%-3kB.), B
aHMOHHOM cocTaBe - HUTpaThl (19%-3kB.) u cyabdaThl
(17%-3kB.). O Benymieil pojM HUTPATOB Cpedu aHUO-
HOB CBUJETEJIbCTBYeT M OTHOIIeHHe SKBHUBAaJIEHTHBIX
KOHI[eHTpauui [8042'] / [N03'] = 0,8 (Tabauma 2).
JloMuHUpOBaHNe HUTPATOB Haj cyiabdaTaMu OTMe-
YeHO Takke Ha I0ro-BOCTOYHOM mnobepexbe baiikaia,
rfie OTHOCHUTEJIbHOe COoflepkaHue HUTPATOB COCTaBUJIO
20%-3KB., IpU 3TOM OTHOIIIeHNe [8042']/ [N03'] cocra-
Buio 0,7. Takoe pacnpepeseHrie aHOHOB XapaKTepHO
JUIA He3arpA3HeHHBIX (OHOBBIX PAliOHOB U OOBACHA-
eTcd AaJIbHUM MepeHocoM okcuoB aszora (Obolkin et
al., 2016; Sicard et al., 2023). B cHEXXHOM TTOKPOBE MPO-
MBIIIeHHBIX TopofoB [Ipubatikanesa B 2022 r. npeod-
Jaganu cyabdaTsl, GTOPUAL, THAPOKapOOHATH cpeau
AHMOHOB U KaJIbI[U, MarHuii, HaTPUH cpeJu KaTHOHOB
(Puc. 3). IlogqoOHOe COOTHOIIIEHHE OCHOBHBIX HOHOB,
KaK IpaBWIO, XapaKTepHO [JIA CHEXHOro IIOKpOBa
KPYIIHBIX IIPOMBIIJIEHHBIX LIEHTPOB, I'Zle CyLeCTBeHHO
BJIUAHNUE TPeANpUATHI TOILUIMBHO-IHEPreTUYecKoro
KOMILTeKca U npoMebinuieHHocTu (HoBoporkas, 2018;
I'maays u ap., 2024). Tak, B r. Y1aH-Y/13 OTHOCUTEJIb-
Hoe cofepxaHue cyiabdartoB gocturaino 18-23%-3ks.,
B TO BpeMs KakK cofepkaHye HUTPATOB He MPeBhIIaio
5-9%-3kB.

JnA cHexHoro nokposa nodepexbsa CeBepHOro
bBaiikasia oTMeueHa BBICOKAasA CTeleHb KOPpeJIAuU
(r=0,7-1,0) Mexnay ciaegyoIMM{A NapaMd HOHOB:
SO,>-Ca**, HCO,-Mg?**, HCO,-Ca**, SO,*-Mg**, HCO,
-NH,*, 4T0 yKasbiBaeT Ha OOI1e UCTOYHUKHU UX MOCTY-
IIJIeHUs, TPEeUMYIeCTBEHHO TePPUTeHHOr0 IIPOHUCXOX-
nenus (Puc. 4).

Ha Puc. 5a npefcrasjieHa cxeMaTnueckas Kapra
pacnpefiesieHus IJIaBHBIX MOHOB B CHEXHOM IIOKpOBe
CeBepHoro batikana B 2023 r., co3gaHHass Ha 0Oase
nakera Q GIS. Pasamep kaxaoil OTHeIbHON KapToau-
arpaMMBl COOTBETCTBYyeT OIpe[eJIEHHON BeJIM4YuHe
CYMMBI HOHOB, PacCUMTaHHON [JIA KaxJOoH CTaHIUU
oT6opa mpo0 CHEXHOro MokpoBa. J[aHHBIE KapTOAU-
arpaMMBbl II03BOJIAIOT OJHOBPEMEHHO OToOpaxaThb
cojlepkaHue BCeX MOHOB, a TakXe BBIABUTH Haubojee
3arpsA3HeHHble paloHBl. /1A cpaBHeHHUA NOJIyuYeHHBIX
pe3yJIbTaTOB aHaJIOTWYHAsA KapTa-cxema IIpOCTpaH-
CTBEHHOT'0 paclipefieJieHN A IJIaBHBIX NOHOB IIOCTpOeHa
s FOxuoro Ipubatikanesa (Puc. 56).

Ta6suna 2. CooTHOLIEHNA SKBUBaJIEHTHBIX KOHIIEHTpaLUH IJIaBHEIX HOHOB B cHeroBol Boje CeBepHoro Baiikana B 2023 r.

ITokxa3sarteJsib ITo6epexnse CeBepHOro Baiikaya ABTOmOpora
XKurasoBo- CeBepobaiiKaIbCK
[SO,>]/[NO,] 0,8 0,8
[NH,*]+[Ca**] + [Mg**] + [Na*]+ [K*]/ 1,0 2,8
[SO,*]+[NO,]+ [Cl]
[Ca**] +[Mg>*]/[SO *]+ [NO,] 0,9 3,0
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Puc.3. CpefjHee oTHOCUTEJIbHOE coflepkaHue MOHOB (%-3KB) B

B paiione no6epexbsa CeBepHoro baiikana cym-
MapHOe cojJepXaHue HMOHOB (X ) B CHEroBOW BOJeE
U3MEHAJIOCh B Ipenenax 1,2-6,9 mr/i U B cpeaHeM
cocTaBuio 2,7 Mr/ja. DTW 3HAYeHUs COMNOCTaBHUMBI
C MUHHMAaJIbHBIMM BeJMYMHAMM Ha Oro-BOCTOYHOM
nobepexbe o3epa — B OacceliHe pek CHexHas u Xapa-
MypuH (cranuuu 37 u 38 cootBeTcTBeHHO) (Puic 5a, 6),
a TakXxe C perioHaJIbHBIMU (POHOBBIMHU 3HAUYE€HUAMU Ha
Teppuropuu Baiikasno-JleHckoro 3anoBegHUKa (3 Mr/J1)
(Netsvetaeva et al., 2020). B cpaBHeHUM € KPYITHBIMU
MIpOMBINUIEHHBIMU IeHTpamu lOxHoro IIpubaiikasbs
aTOT mokasaresib B 8-20 pa3 Hmxe (Molozhnikova et
al., 2023).

Kak BuaHo u3 Puc. 5a, HauGoJsiblllee cymmap-
HOe cojepxaHue HOHOB 3aperucTpUpOBaHO B CHEX-
HOM mnokpoBe Ha crtaHiuu 13 (r. CeBepobaiikasbCk)
— 70 31 Mr/in, uTo 00ycJIOBJIEHO BJIMAHNEM aHTPOIIO-
TreHHbIX MCTOYHUKOB 3arps3HeHus BO3[yXa B ropoje.
MuHumMmanbHbele 3HayeHUs (QUKCUPOBAINCH B IMpodax,
oTroOpaHHBIX cO Jibaa batikana B paiioHe Kuuepckoit
npopBsl — 1,2 mr/n (cradmusa 20), a Takxe B 6acceiiHe
pek Knuepa, Bepxusaa Aurapa u [{senmHpga — ao 2,6
mr/n (cranomu 21, 23, 24 u 25 COOTBETCTBEHHO).
Cienyer OoTMeTUTh, YTO BeJuMHBI pH Ha 3THUX cTaH-
HUAX TakxXe OBUIM HEeBBICOKU (B cpemHem 5,2 en. pH).
Huskue 3Havenus pH u 2 B CHEXHOM IIOKpOBe 00y-
CJIOBJIEHBI OTHOCHUTEJIbHOY yAaJIeHHOCTbI0 JaHHBIX
TeppUTOpUil OT UCTOYHHUKOB aHTPOIOI'€HHOI'O 3arpsAs-
HeHUs. B CHeEXHOM ITOKPOBE TaeXHOU 30HH B pali-
oHe aBToTpacchl JXurasoBo-CeBepobaiikajbCK CyMMa
WOHOB H3MeHsIach B IIMPOKUX Ipepenax, oT 1,1 nmo
17,1 mr/n (cpeanee - 4,1 mr/mn). Makcumym 2 OTMe-
yeH B 105 kM ot p.1. JKurasoBo (cTaHius 2) 1 00y cJI0B-
JIEH TIOBBIIIEHHOH 3arblJIEHHOCTHIO BO3[yXa B JAaHHOU
TOuKe OTOOpa. Huskue 3HaueHus X PperucTpupoBa-
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CHEeXXHOM IokpoBe Baiikasbckoro pernona B 2022-2023 rr.

Juchk Ha rpaHulle Mpkytckoit obiactu u PecnyGiuku
Bypsarus, rae BelcoTa CHEXXHOT'O ITOKPOBa Oblla MaKCH-
masibHOH (cTaHrus 10). B cpaBHeHUM ¢ JaHHBIMU CHe-
TOMEPHBIX ChEMOK, NPOBE/IEHHBIX paHee, X B palloHe
nobepexbsa CeBepHoro Baiikasa cHusuiach B 2-5 pas
(Puc. 6). Cranuuu 10, 20, 21, 23, 24 u 25 no cogep-
KaHUIO TJIaBHBIX MOHOB U BejnuuHe pH Hamu Bbife-
Jiennl kak ¢onoBble 1y CeBepHoro bBaiikana u Bcero
BalikasibCKOro perroHa B IeJIOM.

B Tabiune 3 mpejicTaBieHO cpeliHee colepxka-
HMe OCHOBHBIX HOHOB B CHEXHOM IIOKpPOBe N0oOepexbs
CeBepHoro baiikaa 3a 4-neTHuii nepuoj HabI0JeHUN
(2012, 2015, 2020, 2023 rr.). Konuenrparuu 60JIb-
[IMHCTBAa UOHOB CYIeCTBEHHO BapbUpPOBAJIM B 3aBUCH-
MOCTU OT THIIAa MECTHOCTU Y OJIN30CTHU K IIPOMBIILIEH-
HBIM 30HaM U TPaHCIOPTHBIM MarucTpasisaM.
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Puc.4. Kosbdunuents koppesanuu [lupcoHa mexay
coJlep)xaHreM KOHOB B CHEXHOM IIOKpOBe Ha INobepexbe
CeBepHoro baiikasna B 2023 r.
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Puc.5. CxemaTuueckas KapTa pacrnpeaejseHuda CoAepXaHus I'NTaBHbBIX NOHOB B CHEXHOM ITOKPOBE Baiikaabckoro pernoHa B

2023 r. (a - CeBepHuriii Batikas; 6 - FOxxHbIE Batika).

CpenHee cofepXaHUe TJIaBHBIX MOHOB B CHEX-
HOM IoKpoBe Ha CeBepHoM baiikane B 2023 r. cHU3H-
Jock B cpaBHeHuM ¢ 2012 1. ot 2 10 13 pas (Tabauna 3).
[TogoOHass TeHOeHIMsA MpOCJeXuBaeTcsi U B APYruUx
paiioHax Poccun. Tak, 3a mepuox 2019-—2023 rr. B
ropoaax Poccuy B OCHOBHOM IPOU30IILIIO yMeHbIIIeHUe
CpeJIHUX 3HauYeHUI KOHIIEHTpAaI1il OCHOBHBIX 3arpss-
HAIIMNUX Bell[eCTB B BO3[yXe U KOJIMYECTBA BBIOPOCOB
OT CTaIlMOHApHBIX HCTOYHUKOB M aBTOTPAHCIIOPTA.
CyMMapHble BHIOPOCH JUOKCHAA CEPHl OT CTAal[MOHAap-
HBIX U TepeABMXXHBIX HNCTOYHHUKOB CHU3WINCH Ha 11
%; oxcuioB azoTa — Ha 2% (EXeroJHUK COCTOSHMUA...,
2024).

3.3. BbuoreHHble KOMNOHEHTbI B CHEroBom
Boae CeBepHoro bankana

Munepartonstii u 06wuil azom. CpefHee cofep-
’)kaHue MHMHepaJIbHOIO a30Ta B CHEXHOM IIOKpOBe
Ha CeBepHoM batikane cocraBuio 0,22 mr/ji, usme-
HaAch oT 0,13 go 0,28 wmr/n. Coamepxanue o6Iero
as3oTa B pasHBIX palioHax MCCIIeAyeMON TeppUTOpuun
6bL10 BhIIE OT 1,8 Mo 2,2 pa3. MakcuMasibHOe cofAep-
xanme N N 3apuKcHpoBaHO B OKPeCTHOCTAX
CeBepobaiikasbcka (craHuuA 12). BHe 30HBI aHTPOIIO-
TeHHOI'0 BJIMAHMA 00JIbIIasA 4acTh a30Ta MpejCcTaBjieHa
ero MuHepasabHbEIMU popMmamu (56-60%). B parionax ¢
MOBBINIEHHON aHTPOIIOTeHHOU Harpy3koi (OKpecTHO-
ctu r. CeBepobalikajbcka, nobepexne B ycTbe p. Thid,

c. Batikanbsckoe, 105 kM ceBepHOI Tpaccel) B 2023 r. o
77% a3oTa HaXOAUJIOCh B opraHndeckoi popme. Pacuer
COOTHOIIIEHUA pa3HbIX (OpPM MHHEpPAJIbHOTO as3oTa B
CHEroBOl BoJle MOKasaJl mpeobyaiaHhe HUTPATHOTO
a3oTa HaJ aMMOHUIHBIM a30TOM.

B oTinune OT ApYyrMX HOHOB KOHIEHTpanuu
HUTPATHOI'O a30Ta paclpefiesieHbl B CHEKHOM ITOKPOBe
B parioHe CeBepHoro Batikasa paBHOMepHO. B cpeiHeM
cojiepxaHue JaHHOro kommnoHeHTta B 2023 r. cocrta-
Bwio 0,19 mr/i, 4yto B 2-5 pa3 HUXe aHaJOTMYHBIX
3HaYeHU! B APYIUX palioHax BalikaJbCcKOro pervoHa.
HesHauuTenbHasa Bapualis KOHIEHTpaluii HUTpAT-
Horo asoTa (B cpefHeM 26%) B cpaBHEHUU C APYTUMU
HOHaMM CBUETeJIbCTBYeT O IpeobiaaHUM TpaHCIpa-
HUYHOY U permoHaIbHON (POHOBOM COCTaBJIAIOLINX Hal
BJIMSIHUEM JIOKaJbHBIX McTOYHUMKOB (Tabmmma 3). B
YHCTHIX palioHaxX A0JiA HUTPATHOTO a3oTa COCTaBJIAET
96-97 % ot ero oOImiero cofgepXaHusA, B OKPECTHOCTAX
r. CeBepo0atiikasibcka cHuUxaercsa no 77 %. B camom
CeBepoOaiikajbCKke OTMEYEeHO AOMHWHMPOBaHHE aMMO-
HuUitHOro asora (o 70%). 3To cBUAETEIbCTBYET 00 ero
AHTPONOTeHHOM IPOUCXO0XAEHUMN.

Muneparohstii u 06wuti pocop. Conepxanre
MUHepaJbHOro ¢ochopa B CHEXHOM IIOKpOBE
CeBepHoro Baiikasa BappupoBajio B npefesax 0,3-33
MKT/J1, obmero docdopa - 3-61 Mmkr/n. MakcumMyMbl
CpelHUX 3Ha4YeHUM JaHHbIX KOMIOHeHToB (14 u 33
MKT/JI COOTBETCTBEHHO) HalOJII0JaInCch Ha CeBepo-3a-
nmagHoM noOepexbe B paiioHe r. CeBepobalikajbcKa U
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Ta6suna 3. CpeaHee cojepkaHUe OCHOBHBIX MOHOB (B MI/JI) B CHeXXHOM IOKpoBe B parioHe CeBepHoro balikana B 2012,

2015, 2020, 2023 rrT.

Paiton Ilepuon HCO, SO, > NO, Cl Na+* K* Ca?* Mg?* | NH,*
HCcJIeJOBAaHUSA
CeBepHBIii Baiikan, | 2012 3,6 2,33 | 1,64 | 0,17 | 0,21 | 0,08 | 1,80 | 0,28 | 0,05
Ten 2015 0,8 0,57 | 0,69 | 0,00 | 0,08 | 0,03 | 0,53 | 0,09 | 0,01
2020 3,5 1,31 | 1,75 | 0,11 | 0,36 | 0,12 | 1,34 | 0,35 | 0,05
2023 0 0,47 | 0,80 | 0,03 | 0,05 | 0,03 | 0,32 | 0,05 | 0,03
n 2,0 1,17 | 1,22 | 0,10 | 0,18 | 0,07 | 1,00 | 0,19 | 0,04
) 1,8 0,86 | 0,55 | 0,06 | 0,14 | 0,04 | 0,60 | 0,15 | 0,02
CV, % 94 73 45 58 81 67 69 75 55
CeBepHoe nobepexbe 2012 0,4 0,64 1,06 0,21 0,1 0,11 0,49 0,07 0,11
2015 0,1 0,67 | 0,78 | 0,08 | 0,06 | 0,06 | 0,33 [ 0,06 | 0,11
2020 0,3 0,53 | 1,03 | 0,07 | 0,03 | 0,12 | 0,70 | 0,08 | 0,05
2023 0 0,54 | 091 | 0,10 | 0,05 | 0,06 | 0,40 [ 0,06 | 0,01
i 0,2 0,60 [ 0,95 | 0,12 | 0,06 | 0,09 [ 0,48 | 0,07 | 0,07
> 0,2 0,07 | 0,13 | 0,06 | 0,03 | 0,04 | 0,16 [ 0,01 | 0,05
CV, % 91 12 14 56 49 41 33 14 70
Cesepo-3anagHoe 2012 11 4,42 1,55 0,16 0,14 0,24 4,51 0,49 0,29
noGepexee 2015 3,4 1,79 | 0,88 | 0,17 | 0,10 | 0,56 | 1,03 | 0,23 | 0,34
2020 1,7 1,41 | 1,18 | 0,00 | 0,06 | 0,37 | 1,19 | 022 | 0,26
2023 1,1 0,96 | 0,84 | 0,09 [ 0,05 | 0,14 | 0,79 | 0,13 | 0,07
M 4,3 2,15 | 1,11 | 0,13 | 0,00 | 0,33 | 1,88 | 0,27 | 0,24
> 4,6 1,55 | 0,33 | 0,04 | 004 | 018 | 1,76 | 0,16 | 0,12
CV, % 106 72 30 31 47 55 94 58 49
ABTOzOpOTa 2012 1,4 0,47 | 1,00 | 0,09 [ 0,07 | 0,20 | 0,59 | 0,09 | 0,09
CeBﬁi?;;}f:};bCK 2015 1,9 059 [ 0,72 | 0,16 | 0,08 [ 0,13 | 0,76 | 0,00 | 0,12
2020 2,6 0,65 | 0,84 | 0,10 | 0,06 [ 0,10 | 1,10 | 0,13 | 0,03
2023 1,8 0,44 | 0,83 | 0,19 | 0,07 | 0,07 | 1,00 | 0,07 | 0,02
I 1,9 0,54 | 0,85 | 0,14 | 0,07 | 0,10 | 0,87 | 0,10 | 0,07
) 0,5 0,10 | 0,12 | 0,05 [ 0,01 | 0,02 | 0,23 | 0,03 | 0,05
CV, % 26 18 14 36 12 24 27 26 74

IIpumeuaHue: | - cpeHee 3HaueHNe; 2 - CTaHAApTHOe OTKJIOHeHue; CV - koo PuuneHT Bapuanuu, %.

c. Barikasibckoe. BakHO OTMETHTBH, YTO TMOJIyYEeHHBIE
BEJIMYMHBI HA JIAaHHOM y4YacTKe [JOBOJILHO BBHICOKHE,
YTO BEPOATHO, OOYCJIOBJIEHO TMOBBIIIEHHBIM ITPUPO/I-
HBIM (OHOM, HaJIMYMEM coerHeHn ¢ocdopa B IouBe
(BenozepiieBa u ap., 2023), a Takxe aHTPOIOTeHHBIM
3arpsA3HeHNEeM.

3.4. HakonneHHe 3arpA3HAIOWUX BELLECTB
B CHe)XHOM nokpoee CeBepHoro bankana

[MocTynneHue 3arpA3HAKIMX  Bel[eCTB  Ha
MOACTUJIAIONIYI0 TOBEPXHOCTh B paiioHe CeBepHOro
Batikasa omnpezesisaioch 1o pe3yJibTaTaM XUMHAYECKOTO
a”ayn3a npob CHEXHOro IOKpoBa, cpopMupoBaslie-
rocs 3a 3UMHUU nepuof (c HoAOpA no deBpaab-MapT)
(Tabsmmna 4). Kak u3BecTHO, BeJIMYMHA HaKOILJIEHMS
XUMUYeCKIX KOMIIOHEHTOB B CHEXXHOM IIOKPOBE 3aBH-
CUT OT BJIaro3amaca B cHere U KOHIIEHTpaIuii onpeje-
JIsieMbIX KOMIIOHEHTOB.
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CyMMapHOe HakoIUJIeHHe HOHOB CJYXUT Xapak-
TEpPUCTUKOI OOIIero 3arpsA3HeHUs CHEXXHOT'O MOKpOBa.
Ha CeBepnoMm Batikasie sTa BesnunHa 3a 4 rofa HabJIio-
JeHnl U3MeHsAIach B cpeqHeM B npefesax 230-440 mr/
M. B 2023 r. Han6oIbIIYe BEJIMIMHBL aKKYMYJIALNN 2
omnpejieJieHbl B TaeXXHOU 30He aBToTpacchl JKuraaoso-
CeBepobaiikajibCK, YTO 00yCJIOBJIEHO OOJIBIINM BJIaro-
3aracoMm B CHere Ha OTJeJIbHBIX y4acTKax 3TOr0 Maplil-
pyTa (mo 135 Mm). MuHuMyM HakoimieHus B 2023 T.
3aperucTpupoBaH Ha JIbJly 03epa, I'[le Bjarosamnac ObLI
okoJio 50 mMm. Kpome TOro, 1eproi HakoIJIeHUs Ucce-
JyeMBIX KOMIIOHEHTOB B CHEXHOM IIOKpOBe Ha JIbAYy
o3zepa ObLT B [iBa pa3a MeHbIlle, 4eM Ha Iobepexsbe.
711 KOppEeKTHOrO CpaBHEHUA BeJIMYMH HaKOIUJIeHUs
Ha JIbAY U nobepexbe paccuuTaHHbIe JaHHBIE IO aKKy-
MYJIALIUM Ha aKBaTOPUU o3epa ObLIIN YBeJIUUeHHBI BIBOE
(Tabnura 4). CpaBHeHUe TOKAa3aJio, 9YTO aKKyMYJIALUA
2 B cHexHoM mokpose CeBepHoro Baiikana B 2 pa3sa
HUXe, yeM Ha KOkHOM Batikase u B 2-6 pa3 HUXe, UeM
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Cegepofaiirateck JncTeanka

Puc.6. CpefjHue cyMMBbl MOHOB (B Mr/JI) B CHEXXHOM ITOKpOBe Balikaibckoro perviosa 3a 4-x JieTHUH nepuo]i HabioieHui.

B MpOMBIILIEHHBIX IleHTpax lOxHoro IIpubaiikasibs
(Tabsmna 4).

HaxkorieHre kaJsbmusa (OCHOBHOTIO IEJIOUHOTO
KOMIIOHEHTa) B CHEXXHOM IoKpoBe CeBepHoro Baiikasna
3a HuccjieqyeMblii lepro] U3MeHAJIoCh B cpeiHeM oT 40
no 70 mr/m2. B 2023 r. 3T0 3HaueHue 6buI0 B 1,3 1 2,3
pa3a COOTBETCTBEHHO HIUXe, YeM Ha I0T0-BOCTOYHOM U
oro-3anagHoM nobepexbax Baiikana. B cpaBHeHUU c
MPOMBIIJIEHHBIMU IIeHTpaMM bBaiikajbckoro permoHa
(3a uckiouenueM r. IllesexoB) aTa BeJIMUUHA HUXE B
2-6 pas.

Haubosiee 3HauMMO [Jisi HENPOMBIILIEHHbBIX
«4UCTBIX» PaliOHOB HaKoOIJIeHNe KUCJIOTHBIX KOMITOHEH-

1 MOHOB Bogopoaa (H*). CymMa HakolieHUA MUHe-
pasibHOrO azota Ha CeBepHOM Batikajie 3a rofpl HUccJe-
JoBaHUM cocTtaBuiia 16-27 mr/m? B 2023 r. HaubGo-
Jiee BBICOKME 3Ha4YeHUsA 3a(pUKCHUPOBAHBI HA JIBOAY P.
YwMmb6esna (cranius 8) u B paiioHe noc. KyHepma (craH-
nus 9), rae Baarosamnac 6b1 MakcuMaibHbIM (190-215
MM). MUHUMAaJIbHBIE 3HAYEeHUA aKKyMyJIALAW a30Ta
(menbme 10 Mr/m?) onpefesieHb Ha CeBepo-3ana HOM
nobepexbe U Ha JibAy 03. Balikas, rae Biarosamac B 7
pa3 meHsbiIe. B cpaBHeHnu ¢ FOxHBIM BalikajioM akky-
mysanusa N B 3 pasa Huxe.

BesmunHa HakomsieHUs cyJib(paTHON cepbl B
CHEXHOM IMOoKpoBe Ha CeBepHOM Balikasie B ucciefnye-

MBIe TOIBI HAXOAUIach B mpeAenax 14-25 mr/m?, MUHU-
MaJibHBle 3HaUYeHuA 3adurkcrupoBaHsl B 2023 r. AHanns

TOB B CHEXHOM ITOKPOBeE — CyJibdaTHOH cepsl (S(SO,*),
MHUHepaJbHOro azora (N = = N(N03‘) +N(NH 4+)

Ta6smmna 4. HakorieHre XUMUYECKUX KOMIIOHEHTOB (Mr/m?) u Biaro3amnac (MM) B CHEXXHOM MOKpPOBe BaiikajibCKOro peru-
OHa, 2022-2023 rT.

PaiioH HCO, [ S(sO,) N, Ca?* H* P, . Z, Biyarosamac,

HccJieJOBaHUA MM

CeBepHbiit Baiika, 0 12-20 12-22 22-38 0.6-1.4 0.02-0.2 124-214 32-55
nex 14 18 30 1.0 0.1 164 47

CeBepHoe 0 10-27 11-28 22-54 0.3-2.0 0.04-0.8 117-291 72-150
no6epexne 19 22 42 0.9 0.3 225 106

CeBepo-3amnaHoe 0-108 8-25 7-14 14-70 0.03-1.0 0.2-1.6 76-335 29-59
no6Gepexne 45 14 11 35 0.3 0.7 180 44

ABTOmoOpora 0-1522 7-24 8-41 16-563 0.01-2.8 0.06-1.6 92-2288 46-215
Kurajoso- 192 14 20 101 0.7 0.7 460 108

CeBepobalikaJibCck

I0xHbI# Baiika 0-170 1-120 10-105 3-285 0-4.2 0-1.3 280-1270 1-190
6 50 50 115 0.9 0.2 610 100

IllestexoB* 33-350 | 20-160 | 20-235 1-190 0-0.04 0.03-1.6 260-2130 20-50
92 60 50 40 0.02 0.2 820 35

UpkyTck* 5-1055 | 15-135 8-66 25-420 0-0.38 0.02-3.6 175-2035 20-62
130 66 36 150 0.04 0.4 680 33

Anrapck* 7-8100 | 17-850 20-60 35-3135 0-0.07 0-1.8 190-14900 12-45
630 105 32 320 0.02 0.2 1460 27

VYiau-Yas* 0-320 25-340 15-70 40-190 0-0.09 0.2-2.6 200-2280 11-36
120 60 35 110 0.02 0.7 540 20

IIpumeuanme: *- naHHble 3a 2022 1.
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MOJIYYEHHBIX JaHHBIX [TOKa3aJl, YTO B CHEXXHOM ITOKPOBe
CeBepHoro Baiikasa B cpeiHeM HaKaIlJIUBaeTcsA OT 3 0
7 pa3 MeHbllle cephl, YeM Ha I0KHOM Iobepexbe o3epa
U B MPOMBIILJIEHHBIX Topojiax Baiikasibckoro permoHa
COOTBETCTBEHHO.

Kak cnenyer uz Tabauip 3, HakomieHue HY B
cHexxHOM MokpoBe CeBepHoro balikana B cpegHeM B
1,2 pa3a meHblle, yeM Ha IOxHoMm batikane. 3To cBs-
3aHO KaK C MeHbIINM BJIaro3anacoM B cHere Ha ceBepe
o3epa, Tak u OoJiee BBICOKMMU BeJnunHamu pH B cHe-
TOBOMH BOJE.

Hakoruienne P B CHEXHOM IMOKPOBE OT[EJIb-
HBIX paliOHOB Ha ceBepo-3amaJHOM Iobepexbe o3epa
Batikan u B TaexHO! 30He BJ0JIb CEBEPHOI aBTOTPACCHI
JOBOJIBHO BBICOKO: COIIOCTAaBHMO C aHAJIOTMYHON BeJIU-
YMHOU B I'. YaH-Ya3 u B 2-4 pasza Bbhlllle, YeM B IIpPO-
MBIIIEHHBIX NleHTpax HOxHoro ITpubarikanbs.

4. 3aknioueHue

B mBacroAamuii mepuos CHEXHBII IIOKPOB
CeBepHoro balikana xapakTepu3yloTcs HU3KON MUHe-
payjmzanueil, JOMUHUPOBaHNEM HUTPaTOB B aHUOHHOM
cocraBe. B MexXronoBoil AuMHaMuKe OTMeUYeHO IOCTe-
IIeHHOe YMeHbllleHre CyMMBbl MOHOB U BeJIMunHbl pH B
CHEroBBIX BOAAxX 3a oAbl uccienoBaHuA. HuTpaTHbIN
asoT sABJIAJICA Ipeobsajarmomell (GopMoil MHHepab-
HOro asoTa B cHeroBoll Boje. KoHmeHTpaiuu 00Jib-
IIMHCTBA KOMIIOHEHTOB XMMMYECKOI'O COCTaBa HUXe,
yeM Ha I0ro-3anajHoM nobepexne o3epa, COOCTaBUMBI
C pervoHaJlbHBIMU (OHOBBIMU 3HAUYe€HUsAMU. B cHex-
HOM I[IOKpOBe OTAeJIbHBIX palioHoB CeBepHoro baiikasa
cofepxaHue MHHepaslbHOro (¢ocpopa AOBOJIBHO
BBICOKO BCJIE[ICTBHE IOBBHIIIEHHOI'O IIPUPOAHOro ¢oHa
U aHTPOIIOI€HHOI0 3arpsA3HeHN .

AXKyMyJIALMA CYMMBI NOHOB, KaJIbLiysA, CyJIbdaT-
HOH cepsl U MUHepaJIbHOr'O a30Ta B CHEXXHOM IOKpOBe
CeBepHoro Baiikasna B 2-3 pa3a Huxe, yeM Ha HOxHOM
Batikane u B 2-7 pa3 HUXe, yeM B IIPOMBIIIJIEHHBIX
neHrpax lOxHoro IIpubalikanbda. HakonseHue MuHe-
panpHOro docdopa B oTAeNIbHBIX palioHax CeBepHOro
Balikasma comocTaBHMO C COOTBETCTBYIOLIEN BeJINYH-
HOH B I. Y1aH-Y I3 U B 2-4 pa3a Bblllle, YeM B [IPOMBIIII-
JneHHbIX neHTpax HOxHoro IIpubatikanbs.

BoiAiBJIEeHB TEpPpPUTOPUY, KOTOpPHIE [0 COAEP-
’KaHWIO TJIaBHBIX MOHOB U BesnuvHe pH B cHeXXHOM
IIOKPOBE MOTYT ABJIATbCA (POHOBBIMU AjiA CeBepHOro
Batikana u Bcero Baiikasbckoro peruoHa. Huskoe
cofiepxaHue CyMMBI MOHOB U BesnuuHbl pH 00ycJi0B-
JIeHBl OTHOCHUTEJIbHOM YyAaJIeHHOCTbI0 JaHHBIX Tep-
PUTOPHUII OT KPYNHBIX HCTOYHHUKOB AHTPOIOre€HHOI'O
3arpsA3HeHus.

BbAaaropapHoCTH

Pabora BhIIOJIHEHAa B paMKax TrocyAapCTBeH-
Horo 3amanusa JIMH CO PAH no teme 0279-2021-0014
«AccnenoBanue posiu aTMocdepHBIX BhINAJIeHUI Ha
BOJHBIE U Ha3eMHble 3KOCHCTeMBbl 0OacceiiHa o3epa
Batikan, ugeHTUdUKANMA HNCTOYHMKOB 3arpsA3HeHus
aTtMocepsl».
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