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ABSTRACT. The paper presents the results of long-term studies of chemical composition of water of
tributaries and snow cover of the south-eastern and south-western coasts of Lake Baikal. The content
of different forms of nitrogen and phosphorus in river water and snow cover was analyzed. A quanti-
tative assessment of total nitrogen and phosphorus input from the atmosphere to the Southern Baikal
catchment area for 2019-2023 is given. The south-western coast of the lake experiences a great load
in terms of the content of various forms of nitrogen and phosphorus in the snow cover and water of
tributaries. Nitrogen in the snow cover and tributaries of Southern Baikal is represented mainly by its
mineral form. The rivers of the south-eastern coast, which are exclusively atmosphere-fed, are generally
not subjected to anthropogenic impact. In contrast, the minor watercourses of the south-western coast
of the lake (Listvyanka settlement) are significantly influenced by economic activities. The organic form
of phosphorus predominates in the snow cover of Southern Baikal and in river waters of the south-east-
ern coast. In the water of tributaries of the south-west coast phosphorus is found in its mineral form. A

comparison of current data with the results of previous years was carried out.
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1. Introduction

The most detailed hydrochemical studies of the
Southern Baikal tributaries were carried out in the
1950s, in the pre-industrial period. Votintsev et al.
(1965) characterized the ionic and gas composition
and concentrations of biogenic elements. The results
of these studies reflect the natural background in the
region and can be used for comparison with current
data. Recent studies indicated an increase in the input
of phosphorus and nitrogen compounds into the litto-
ral water of Lake Baikal, which can be attributed to an
increased anthropogenic load on the nearshore areas of
the lake. The work showed that high concentrations of
nitrate, ammonium, and phosphate were recorded in
urbanized areas of the lake and in the water of rivers
flowing through settlements and cities (Malnik et al.,
2022; Onishchuk et al., 2022). The input of biogenic
elements resulted in a significant increase in the pro-
ductivity of the biocenoses of the Baikal littoral waters.
This led to the proliferation of macroalgae species that
are not typically found in the lake, a shift in the dom-
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inant species at the lake bottom, and a disruption in
the natural distribution of species within the ecosystem
(Kravtsova et al., 2014; Timoshkin et al., 2016).

The settlement of Listvyanka, a well-known tour-
ist destination with a well-developed infrastructure that
includes numerous hotels, cafes, and a large number of
motor and river transports, is one of the most import-
ant sources of nitrogen and phosphorus inputs on the
south-western coast of Lake Baikal. The study of water-
courses (Krestovka River, Bol. and M. Cheremshanka
and Kamenushka streams) flowing through the settle-
ment is being conducted in response to the increasing
anthropogenic load and the threat of eutrophication of
Listvennichny Bay. According to Zagorulko et al. (2014),
Vorobyeva et al. (2017), and Kostyukova (2022), the
water composition of the Krestovka River has changed
significantly over the last 50 years towards a decrease
in water quality. Comprehensive research has demon-
strated that human activity affects not only ground-
water and surface water but also soils, vegetation,
and atmospheric precipitation (Monitoring..., 2010;
Vorobyova et al., 2016; Suturin et al., 2016; Yanchuk et
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al., 2021; Chebunina et al., 2018). In Listvyanka settle-
ment, sustainable pollution of groundwater by nitrate
ions, less frequently by ammonium ions, has been
noted (Naprasnikova et al., 2007; Alekseev et al., 2016;
Alekseev et al., 2018; Alekseeva et al., 2023; Alekseeva
and Alekseev, 2023).

River waters on the south-eastern coast of Lake
Baikal are subjected to nitrogen acidification under
the influence of atmospheric precipitation. The main
sources of atmospheric pollution in this area are the
railway and motorway, as well as the transfer of pol-
lutants from the Irkutsk-Angarsk industrial complex
(Sorokovikova et al., 2015; Sorokovikova et al., 2020;
Sorokovikova et al., 2021). Currently, most of the nitro-
gen compounds entering terrestrial systems with precip-
itation are of anthropogenic origin and are associated
with nitrogen emissions from industrial enterprises and
motor transport. Throughout Russia, emissions of these
gases from stationary sources increased by 11% for the
period 2018-2022 and in Irkutsk region by 3% (State
Review..., 2023; State Report..., 2023).

As it is known, snow cover is a convenient indi-
cator of atmospheric air pollution. The sensitivity of
snow cover to changes in the level of anthropogenic
load in the region enables us to assess the impact of
atmospheric fallout, including nitrogen and phospho-
rus, on the chemical composition of surface waters.

The aim of this work is to assess the current input
of nitrogen and phosphorus compounds from the atmo-
sphere, to study the seasonal and interannual dynam-
ics of these components in the water of the Southern
Baikal tributaries.

2. Materials and methods

The content of nitrogen and phosphorus com-
pounds in the water of 2 groups of the Southern Baikal
tributaries was studied. The first group includes riv-
ers originating on the northern slope of the Khamar-
Daban ridge, which are the most representative of the
changes in chemical composition of river water caused
by pollutants from the atmosphere (Sorokovikova et
al., 2020). These tributaries are fed only by precipita-
tion. The river basins are highly humidified due to their
favorable position in relation to the direction of the
prevailing moisture transport. The largest amount of
precipitation for the Southern Baikal region falls here,
up to 1060-1720 mm, and snow cover thickness can
reach 2 m (Obolkin, 1989).

The second group of rivers flows through the set-
tlement of Listvyanka, which is situated on the western
coast of Southern Baikal on the right bank of the Angara
River source. The streets of the settlement stretch along
the creek valley, where small watercourses flow, the
most abundant of which is the Krestovka River.

Samples were collected from the tributaries of
Southern Baikal, which flow from the north-western
slope of the Khamar-Daban Range, at the river mouths
in different hydrological seasons (March, May, July,
and September) 2019-2023. Taking into account high
pollution of littoral territories of the western coast of
Southern Baikal, observations were carried out monthly
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at watercourses in Listvyanka settlement in two sta-
tions: above the settlement (background station) and
in the estuary part. Snow cover samples were taken
in February (maximum moisture content in the snow
cover) to quantify nitrogen and phosphorus inputs from
the atmosphere. The content of nitrogen and phospho-
rus in snow water was determined and their accumula-
tion in the basins of the studied rivers was calculated.
The scheme of sampling of snow cover and tributaries
of Southern Baikal is presented in Figure 1.

The mineral forms of nitrogen - N . (nitrates,
nitrites, ammonium ions) and phosphorus (phosphates)
P . and their total content (N, P, ) were determined
in river water. From the difference of total and mineral
forms, the organic part (N_, Porg) was calculated. The
concentrations of mineral forms in river water were
determined using a spectrophotometer (PE-5400VI,
Russia). The analysis of nitrite was conducted with
Griess reagent, nitrate with sodium salicylic acid,
ammonium nitrogen by the indophenol method, and
phosphate by the Deniger-Atkins method with tin chlo-
ride as a reducing agent. In snow melts, nitrite and
phosphate were determined in the same way as in river
water, ammonium nitrogen was measured spectropho-
tometrically with Nessler's reagent, and nitrate was
measured by ion chromatography. The total phospho-
rus and nitrogen contents of the samples were deter-
mined on a spectrophotometer following persulfate oxi-
dation to phosphate and nitrate, respectively (Wetzel
and Likens, 2000; Khodzher et al., 2016; Analytical...,
2017).

3. Results and discussion

3.1. Content of nitrogen and phosphorus
compounds in snow cover of the studied
areas

As illustrated, the mean annual concentration of
Ntot in the snow cover of the south-eastern coast of
the lake was 0.66 mg/L, with variations from 0.45 to
1.13 mg/L. The highest mean value was observed in the
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Pereemnaya River basin (0.78 = 0.21 mg/L), which
is subjected to additional anthropogenic impact due to
the transfer of gas components and impurities (nitrogen
oxides) from industrial sources located in the Irkutsk
agglomeration (Irkutsk, Angarsk, Shelekhov). Snow
cover in the Khara-Murin River basin is characterized
by the lowest content of Ntot (average 0.56%0.09
mg/L). The most “clean” snow cover in terms of the
content of Ntot was recorded in this area in 2020 (0.55
mg/L), while the most “polluted” was recorded in 2019
(0.74 mg/L). Table 1 shows that the majority of the
nitrogen in the snow cover is in its mineral form (on
average, 73%). The highest concentration of this form
of nitrogen in the snow cover was found at the mouth
of the Mishiha River.

The mean long-term P content in the snow
cover of this area was found to vary significantly, from
9 to 109 ug/L (Table 1), with a mean value of 27 =12
ug/L.yu The Pereemnaya River basin had the highest
average content at 44 pg/L, while the Khara-Murin
River area had the lowest at 2.6 times less. The highest
concentrations of P_, as well as N_, on the south-east-
ern coast were recorded in 2019. Table 1 indicates that
the organic form of phosphorus predominates in the
snow cover of this territory. Its content is on average
76%. The maximum content of P_ was recorded in the
Snezhnaya River basin. The share of mineral P in the
snow cover of the area did not exceed 30%, its maxi-
mum content was recorded in the Utulik River basin.

The mean long-term concentration of N, in the
snow cover of the south-western coast of Lake Baikal
was 1.1 mg/L, with fluctuations from 0.6 to 2.0 mg/L.
The highest average value was observed at the mouth
of the Bol. Cheremshanka River, with concentration of
1.53 = 0.46 mg/L. The atmospheric air in the area of
Listvyanka settlement is subjected to a considerable
anthropogenic load during the cold period. This is due
to the functioning of the local boiler facility burning
fuel oil residue, stove heating and a high volume of
traffic on the automobile road along the settlement
and on the lake ice in this tourist area. Besides, it has
been established that under certain meteorological
conditions, polluted air masses with north-westward
air transfer enter this region from the nearest indus-
trial towns of the Baikal region (Obolkin et al., 2021;
Shikhovtsev et al., 2022). The lowest N, content was
recorded in the snow cover in the upper reaches of the

Bol. Cheremshanka River, 2 times lower than at the
mouth. The same trend can be observed for the snow
cover sampled in the upper and lower reaches of the
other rivers studied in the settlement. The lowest con-
centrations of N in Listvyanka were observed in 2021.
Compared to the south-eastern coast, the N, content
on the south-western coast of Lake Baikal is 1.6 times
higher, which is related to the greater anthropogenic
load on the air environment in the settlement.

Table 2 demonstrates that nitrogen in the snow
cover of Listvyanka settlement, as well as on the
south-eastern coast, is represented predominantly by its
mineral form. The highest content of this form of nitro-
gen was recorded at the mouth of M. Cheremshanka
stream. The maximum content of N, was determined
in the snow cover at the mouth of the Krestovka River.
On both coasts, nitrate nitrogen is the predominant
form of nitrogen in the mineral form. Its content varies
between 71-98%. The share of N__ in the total nitrogen
content in the snow cover of the western coast is anal-
ogous to that of the eastern coast (74%).

The mean long-term concentration of P in the
snow cover of the south-western coast is 61 +32 ug/
dm?3, which is 2.3 times more than on the south-eastern
coast. This value fluctuates considerably, ranging from
10 to 610 pug/L The maximum content was registered in
the lower reaches of the Kamenushka River. The high-
est average value was noted in 2022, 2 times higher
than the mean long-term value. The lowest content of
P, (26 pg/L) was found in the snow cover of the upper
reaches of the M. and Bol. Cheremshanka streams above
the settlement in the forest zone. We should note that
in the upper reaches of the studied watercourses, above
the settlement, the content of P in the snow cover is
two to four times lower than in the lower reaches of the
rivers, on the territory of the settlement itself.

The calculation of the ratios of different forms
of phosphorus in the snow cover in the upper reaches
of the rivers on the south-western coast of Lake Baikal
revealed that P was the dominant form (Table 2),
as well as on the south-eastern coast. The average P__
content represented 78% of the total phosphorus con-
tent, which was in line with the figure observed on the
south-eastern coast (76%). The highest recorded value
was observed at the mouth of the Bol. Cheremshanka
stream. The highest contribution of P_, was recorded
in the snow cover at the mouth of the Krestovka River.

Table 1. Content of different forms of phosphorus and nitrogen in snow cover in the basin of tributaries of the south-eastern

coast of Lake Baikal, 2019-2023.

Rivers Range of % from P, Range of % from N,
concentrations concentrations
P hg/L Poin I, N, , mg/L Nosin No
Utulik 9-88 29 71 0.58-0.83 72 28
Solzan 12-88 18 82 0.54-0.78 74 26
Khara-Murin 9-31 23 77 0.45-0.64 72 28
Snezhnaya 10-46 14 86 0.49-0.70 69 31
Pereemnaya 14-109 20 80 0.58-1.13 73 27
Mishiha 10-60 26 74 0.61-0.78 78 22
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Table 2. Content of different forms of phosphorus and nitrogen in snow cover in the basin of tributaries of the south-western

coast of Lake Baikal, 2019-2023.

Watercourses Range of % from P, Range of % from N,
concentrations concentrations
P g /L P P N, mg/L N N
Bol. Cheremshanka, estuary 40-127 6 94 0.78-2.00 80 20
Bol. Cheremshanka, beyond the 22-29 25 75 0.60-0.86 72 28
settlement
M. Cheremshanka, estuary 10-75 13 87 0.76-1.87 88 18
M. Cheremshanka, beyond the 22-30 20 80 0.67-0.81 69 31
settlement
Krestovka, estuary 23-127 37 63 0.73-1.51 65 35
Krestovka, beyond the settlement 17-59 23 77 0.69-0.79 76 24
Kamenushka, estuary 60-610 32 68 0.89-1.65 67 33
Kamenushka, beyond the 34-70 23 77 0.76-1.91 77 23
settlement
Based on long-term data, the accumulation of According to the data of snow measurement sur-
P . and N _ in the snow cover of the studied areas was veys and monitoring of atmospheric precipitation at
calculated. Figure 2 illustrates that the accumulation Listvyanka station in 2019-2023 and at Tankhoy station
of total nitrogen varies in the range of 28-103 mg/m?. (south-eastern coast of the lake) in 2023, the annual
The accumulation of this compound is, on average, fallout of total nitrogen and phosphorus from the atmo-
1.5 times higher on the south-eastern coast due to a sphere to the underlying surface was calculated and
greater moisture content (2-3 times), with a maximum their input to the water area of Southern Baikal was
at the estuary of the Snezhnaya River. In Listvyanka, estimated (Table 3). The values of fallout of P, do not
the basin of the Kamenushka River exhibits the highest differ much on the studied coasts of Southern Baikal,
accumulation of N_. The accumulation of P_, in snow as can be seen. Precipitation of N on the eastern coast
cover was found to vary from 1.1 to 8.3 mg/m? The is 34 % higher due to a greater (2 times) amount of
lowest accumulation was recorded at the estuary of precipitation.
the Mishiha River, while the highest was found in the We made certain assumptions to enable com-
lower reaches of the Kamenushka River. A comparison parison of our data with those obtained previously (in
of the average values of phosphorus accumulation in 1986-1987) for the entire lake. The analysis of data
two areas of Southern Baikal revealed a higher accu- from long-term monitoring of atmospheric precipita-
mulation (1.9 times) on the south-western coast, which tion at Listvyanka station showed that the concentra-
can be attributed to higher concentrations in the lower tions of N in snow and rainfall fallout do not differ
reaches of the Kamenushka River. With the exception much. The content of P in warm periods is, as a rule,
of this area, the accumulation of this compound in the two times higher. Therefore, due to the lack of data on
snow cover on the two coasts is at the same level and the content of the studied compounds in the rainfall in
does not exceed 3 mg/m?. Middle and Northern Baikal, their average concentra-
N
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Fig.2. Accumulation of total phosphorus and total nitrogen in the snow cover of the south-eastern and south-western coasts

of Lake Baikal, mg/m? (2019-2023).
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Table 3. Atmospheric inputs of total phosphorus and nitrogen to the Lake Baikal water area (in the numerator, range of
fluctuations, in the denominator, average values), 2019-2023.

Study area

Annual fallout,
t/km? per year

Southern basin
(7,432 km?), ths. t/year

Water area of Lake Baikal
(31,722 km?), ths. t/year

L A

P Nig L™

0.027 0.50
0.030 0.67

Whole lake 0.008-0.057 0.16-1.1
(2019-2023) 0.017 0.33

Whole lake - -
(1986-1987) *

South- western coast

South- eastern coast

0.20 3.7 - -
0.22 5.0 - -

e
&
—

° o
o

(o]

o
> o

£
|

Note: * - Atlas of Lake Baikal, 1993

tions in the snow cover sampled in different locations
of the lake’s coast and water area were taken to calcu-
late annual nitrogen fallout. The mean annual content
of P, in moist fallout was found taking into account
its large values in warm periods. The concentrations
determined in this way were multiplied by the annual
amount of precipitation in different regions of the lake,
1320 mm for Khamar-Daban station (Southern Baikal)
and 190 mm for Uzur station (Olkhon Island, Middle
Baikal). The precipitation amount was taken from the
work by Obolkin and Khodzher (1990). Table 3 pres-
ents the minimum and maximum values of inputs to the
lake water area. Due to a significant difference in pre-
cipitation amount at the selected stations (7 times), the
range of fluctuations is rather wide. The mean values,
which seem to be more reliable, are calculated from
the average for Lake Baikal precipitation (400 mm)
(Obolkin, 1989).

Our findings show that over the past 35 years, the
input of N, from the atmosphere to the Baikal water
area has increased by an average of 1.5 times, while
the P input has not changed (Table 3). It is important
to note that these are the first estimates of the input
of selected compounds to the water area of the whole
lake. Therefore, they are preliminary and require fur-
ther, more detailed studies of the content of organic
forms of phosphorus and nitrogen in atmospheric fall-
out in Middle and Northern Baikal area. The observed
increase in fallout of N, from the atmosphere com-
pared to the 1980s is probably caused by an increase in
nitrogen oxide emissions from stationary sources and in
the number of motor vehicles, as they now occupy the
leading place in environmental pollution.

3.2. Content of nitrogen and phosphorus
compounds in the water of tributaries of
the south-eastern coast of Lake Baikal

Analysis of long-term data showed that the con-
tent of P_ in the water of tributaries of the south-eastern
coast of Lake Baikal is mainly low, at 1-12 ug/L. Higher
concentrations were registered only in the water of the
Snezhnaya River in summer (up to 23 pg/L) (Fig. 3).
This river is the largest and most abundant watercourse
in the area, with a length of more than 170 km. An
increase in the concentrations of P in summer in the
water of this river and in other rivers (Utulik, Mishiha)
is probably linked to the increase in the content of
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Fig.3. Seasonal and interannual dynamics of the content
of total phosphorus and total nitrogen in the water of tribu-
taries of the south-eastern coast of Lake Baikal, 2019-2023

organic matter as a result of summer phytoplankton
vegetation. No seasonal dynamics could be detected in
other tributaries of this area. A decrease in the concen-
tration of P in 2022-2023 is probably related to the
high water content of rivers in these years.

As is the case with snow cover, the organic form
of phosphorus dominates in tributary water, account-
ing for 58-97% of the total phosphorus content (aver-
age 73%); therefore, the mean annual values of P and
the dynamics of concentrations basically coincide with
those of P, The mineral form of P in rivers has a very
low content, with an average annual value of 1 pg/L
Maximum concentrations of P_. were recorded in win-
ter and spring reaching up to 5 pg/L, while in summer,
due to bioaccumulation by algae, they decreased to
trace values (Table 4).

The content of N, in the water of tributaries var-
ied from 0.12 to 0.51 mg/L. The highest concentrations
were recorded in the Utulik and Solzan rivers, with
mean annual values of 0.45 and 0.39 mg/L, respec-
tively. The lowest recorded concentration, with mean
annual values of 0.21 and 0.24 mg/L, was observed in
the Pereemnaya and rivers (Fig. 3).
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Table 4. Seasonal dynamics of the content of different forms of phosphorus in the water of tributaries of the south-eastern

coast of Lake Baikal, 2019-2023.

Rivers Winter Spring Summer Autumn
Pt Poin Pog P Poin Pog P Poin Po P Poin ng_
pg/L | %fromP, | pg/L| %fromP, | pg/L | %fromP, | pg/L | % fromP,
Utulik 1-10 18 82 4-9 3 97 3-11 22 78 1-5 31 69
Solzan 1-11 11 89 2-6 42 58 3-8 37 63 1-5 23 77
Khara-Murin 3-13 25 75 4-9 16 84 3-10 19 81 1-4 20 80
Snezhnaya 2-10 30 70 2-12 9 91 6-23 9 91 1-3 26 74
Pereemnaya 3-12 21 79 3-5 25 75 3-9 30 70 2-6 28 72
Mishiha 6-13 42 58 3-9 20 80 3-11 35 65 4-6 13 87
Selenga* 36-52 26-198 52-112 21-43
41 84 79 31

Note: *Sorokovikova et al. (2018), in the numerator is the range of concentrations, in the denominator is the mean

concentration

In contrast to phosphorus, which was predom-
inantly in its organic form for the majority of the
year, the mineral component (on average, 70% of
N, ) was the dominant in the composition of nitrogen.
Concentrations of N_. during the study period varied
from 0.07 to 0.47 mg/L. In winter, the share of N_.
reached 79-92 % of the total content. In summer, plank-
ton development and input of organic matter from the
basin caused some decrease in concentrations of N_.
and increase in N e L); however, mineral nitrogen pre-
vailed in the water of most rivers even in this period
(Table 5).

The contribution of nitrates (90-100% of the
content of N_. ) is the primary cause of the high relative
content of N_. in the water of rivers that flow from the
Khamar-Daban ridge. Nitrate nitrogen concentrations
in the water of rivers during the study period varied
from 0.08 to 0.47 mg/L. The highest values of this com-
ponent were observed in winter and during the flood
period, while the lowest values were recorded in sum-
mer. Content of ammonia nitrogen in tributary water
was usually below 0.01 mg/L, and only during high
water or high summer floods concentrations increased
up to 0.04 mg/L (about 10% of N__ ). Nitrite nitrogen
in the river water was either absent or recorded in trace
amounts (below 1 pg/L).

Compared to the data of the 1950s (Votintsev et
al., 1965), nitrate nitrogen concentrations in the waters

of tributaries of the south-eastern coast have increased
by 40-60 % in the present period. The content of phos-
phate phosphorus remained almost unchanged.

3.3. Content of nitrogen and phosphorus
compounds in the water of tributaries of
the south-western coast of Lake Baikal

In Bol. and Mal. Cheremshanka, streams show
higher concentrations of P_, in the estuaries than in the
upper reaches between 2019 and 2023 (Fig. 4). The
Krestovka River and Kamenushka Stream statistics,
however, show a different trend. Certain years (2020
and 2023 for the Krestovka River, 2021 and 2023 for
Kamenushka Stream) have a higher content of P, in
the upper reaches.

The results of our study indicate that the con-
centration of P_ in the estuary of the Krestovka River
ranged from 3 to 190 ng/L, with an average value of 19
ug/L; above the settlement, the concentration ranged
from 3 to 74 pg/L, with an average value of 18 ug/L
(Table 6). Based on the available literature, the con-
centration of this component in the Krestovka water
between 2008 and 2011 was within the range of 10 to
360 ug/L From January to August 2012, the average
total phosphorus content was 37 pg/L, with a maxi-
mum of 90 pg/L (Zagorulko et al., 2014).

Table 5. Seasonal dynamics of the content of different forms of nitrogen in the water of tributaries of the south-eastern coast

of Lake Baikal, 2019-2023.

Rivers Winter Spring Summer Autumn
N, [N | N N, [N | N N, [N, | N N, [N | N
mg/L | o from N . mg/L | o from N . mg/L | o from N . mg/L | o from N, .
Utulik 0.44-0.51| 91 9 10.42-0.44| 53 47 10.39-0.50| 71 29 10.39-0.50| 82 18
Solzan 0.37-0.45| 92 8 10.37-0.50| 80 20 10.31-0.40| 60 40 10.31-0.37| 67 33
Khara-Murin |0.26-0.53| 79 21 10.25-0.37| 56 44 10.20-0.31| 57 43 10.19-0.24| 78 22
Snezhnaya |0.29-0.37| 88 12 10.26-0.43| 57 43 10.27-0.43| 48 52 10.19-0.23| 81 19
Pereemnaya |0.20-0.31| 87 13 10.24-0.37| 73 27 10.14-0.47| 52 48 10.15-0.39| 56 44
Mishiha 0.19-0.22| 84 16 ]0.23-0.25| 52 48 10.12-0.31| 40 60 |0.18-0.34| 47 53
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Fig.4. Interannual dynamics of total phosphorus content in the water of tributaries of the south-western coast of Lake Baikal,

2019-2023

Our data indicate a direct correlation between
the interannual dynamics of phosphorus (P, ) content
in tributaries of the south-western coast of Lake Baikal
and tourist traffic. In 2020, there was a significant
decrease in total phosphorus in the water of all water-
courses of Listvyanka settlement, which was most likely
related to restrictive measures on visiting tourist loca-
tions because of the COVID-19 incidence. The decrease
in the concentration of P_, in all watercourses in this
period compared to 2019 was 2-fold (Fig. 4). According
to the data (State Report..., 2023), the number of tour-
ists visiting Irkutsk region decreased from 1728 thou-
sand in 2019 to just 938 thousand in 2020. In 2021,
after the removal of restrictive measures, the annual

average concentration of total phosphorus in water-
courses increased coupled with the growth of tourist
flow (1241 thousand) in Listvyanka settlement.

The concentration of P in the water of the trib-
utaries on the south-western coast is 3-17 times higher
than on the south-eastern coast of the lake. The content
of this component in the water of the Selenga River (the
main tributary of the lake) in the period 2010-2016
was as follows: 31 pg/L in autumn, 84 pg/L in spring,
with a mean annual value of 59 pg/L (Table 4). These
concentrations are comparable to those in the streams
of Listvyanka settlement (Table 6). The average annual
concentration in the Krestovka River was three times
higher.

Table 6. Content of different forms of phosphorus and nitrogen in the water of tributaries of the south-western coast of Lake Baikal,
2019-2023. In the numerator is the range of concentrations, in the denominator is the average content for the observation period

Watercourses Range of % from P, Range of % from N,
concentrations concentrations
P o hg/L P P N, mg/L Noio N

Bol. Cheremshanka, beyond the 1-62 37 63 0.12-2.57 59 41
settlement 15 0.74

Bol. Cheremshanka, estuary 5-221 71 29 0.5-28 78 22
52 3.15

M. Cheremshanka, beyond the 3-140 41 59 0.12-2.56 28 72
settlement 31 0.66

M. Cheremshanka, estuary 5-400 66 44 0.23-14 70 30
71 2.87

Krestovka, beyond the settlement 3-74 40 60 005-3 31 69
18 0.40

Krestovka, estuary 3-190 39 61 0.15-4 45 55
19 0.60

Kamenushka, beyond the 11-190 60 40 0.19-5.57 55 45
settlement 38 0.72

Kamenushka, estuary 16-235 71 29 0.18-4.68 65 35
70 1.20
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Figure 5 presents the dynamics of the total nitro-
gen content in the water of the tributaries of Listvyanka
settlement. Concentrations in the water of watercourses
have decreased compared to 2019, which is proba-
bly linked to a reduction in tourist activity. The con-
tent of N was definitively decreasing in Bol. and M.
Cheremshanka streams in 2021. In terms of total phos-
phorus, there is a clear increase in the concentration
of N, downstream of the river. The content of N, in
Bol. and M. Cheremshanka streams increases by 5-10
times from upstream to the estuary. In the Krestovka
river, its concentration changes insignificantly along
the river flow, increasing 1.5 times to the estuary
and 2 times in the Kamenushka stream. The results of
the groundwater study in Listvyanka settlement also
revealed a decrease in nitrate nitrogen concentrations
in water over the period 2018-2021. The authors attri-
bute this to two factors: an increase in precipitation in
the region, which resulted in increased groundwater
aquifer recharge and groundwater surface water eleva-
tion, and the elimination of anthropogenic sources of
groundwater contamination (Alekseeva et al., 2023).

The concentration of total phosphorus and nitro-
gen increases along the course of streams, as does the
change in their form of location (Table 6). The share of
mineral forms of phosphorus and nitrogen increases in
all streams upstream of the estuary. In the watercourses
of M. and Bol. Cheremshanka, N_, is represented by
91% and 98% nitrate nitrogen, respectively. For the
waters of the Krestovka River, the share of nitrate nitro-
gen is 79% and ammonium nitrogen is 20% of the total
content of N_. in the waters of the Krestovka River, and
for the waters of the Kamenushka River, 75 and 24%,
respectively.

The concentration of N in the waters of the trib-
utaries on the south-western coast is 2-10 times higher
than that observed in the south-eastern coast of the
lake.

Krestovka
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0.6
0,5
= 04
£ 03
0.2
0.1
0
2019 2020 2021 2022 2023
Kamenushka
14
1.2
1.0
5 08
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Determination of total nitrogen in the water of
tributaries of the south-western coast of Lake Baikal
was not carried out before, therefore the nitrate con-
tent as a component of mineral nitrogen is compared.
The nitrate nitrogen content of the Krestovka River
in 1950-1955 was found to vary from O to 0.14 mg/L
with an average value of 0.05 mg/L (Votintsev et al.,
1965). The concentrations of this component were
higher in 2007-2012, at 0.02 - 0.23 mg/L, averaging
0.08 mg/L (Zagorulko et al., 2014). The range of vari-
ation for the period 2019-2023 was 0.02-1.01 mg/L.
The average nitrate concentration was found to be five
times higher than that observed 70 years ago, and three
times higher than that observed 10 years ago. For Bol.
Cheremshanka stream, nitrate content was recorded at
a range of 0.02-0.81 mg/L between 1950-1955, with
an average value of 0.33 mg/L. In 2019-2023, the con-
centration of this component ranged from 0.18 to 5.4
mg/L. The average value was six times higher than that
recorded in the 1950s.

4. Conclusion

Thus, a comprehensive assessment of the air and
water environment in the Southern Baikal basin, based
on a long-term study of river and snow waters, allowed
us to conclude on the factors of formation of the chemi-
cal composition of the waters of Lake Baikal tributaries
on the south-western and south-eastern coasts, identify
the causes affecting the spatial and temporal dynamics
of concentrations of total phosphorus and nitrogen in
snow and river waters, and quantify the levels of N and
P accumulation in the snow cover of the studied areas.

The content of N, on the south-western coast of
Lake Baikal is 1.6 times higher than on the south-east-
ern coast, this fact is correlated to the greater anthropo-
genic load on the air environment in Listvyanka settle-
ment. The mean annual concentration of P in the snow

Bolshaya Cheremshanka

w

2019 2020 2021 2022

Malaya Cheremshanka

2019 2020
= estuary

2021

(=]

0;

o
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Fig.5. Interannual dynamics of total nitrogen content in the water of tributaries of the south-western coast of Lake Baikal,

2019-2023

1344



Onishchuk N.A. et al. / Limnology and Freshwater Biology 2024 (5): 1337-1356

cover of the south-western coast is 2.3 times higher than
on the south-eastern coast. Since the 1980s, the atmo-
spheric input of N from the atmosphere to the Baikal
water area has increased on average by 1.5 times, while
the input of P has not changed significantly.

Low concentrations of total phosphorus and
nitrogen were detected in the waters of tributaries on
the south-eastern coast of the lake because of their
higher water flow and less anthropogenic load on
their catchment area. Changes in the content in differ-
ent years are mainly determined by climatic changes
of regional origin. Seasonal dynamics of nitrogen and
phosphorus concentrations for these rivers is primarily
related to natural processes occurring in water bodies.

On the south-western coast, the anthropogenic
factor has a great influence on the formation of the
chemical composition of water of the lake tributaries
and snow cover. The content of total phosphorus and
nitrogen in the water downstream of the rivers in the
territory of Listvyanka settlement increases, and in the
snow cover at the estuary areas the concentrations
increase 2-4 times.

The Krestovka River, with the largest water flow
of all the watercourses in the Listvyanka settlement, is
the least affected by anthropogenic impact. This leads
to a reduction in pollutant concentrations in the water
due to dilution.

The inter-annual dynamics of phosphorus and
nitrogen content in the watercourses of Listvyanka set-
tlement revealed a direct correlation of tourist load on
the chemical composition of water in this area. With
restrictions on tourist visits to Listvyanka settlement
during the pandemic in 2020-2021, the content of
total phosphorus and nitrogen in rivers and snow cover
decreased.

When comparing the relative composition of
river waters of the two coasts of Southern Baikal, the
predominance of mineral forms of nitrogen and phos-
phorus in the estuaries of the rivers of the south-western
coast was noted, which can be considered an indicator
of the influence of human activity on the processes of
water formation. The predominance of organic forms
of phosphorus in the river waters of the south-eastern
coast is an indicator of natural processes in the river
catchment.

The study revealed an increase in nitrate nitro-
gen concentrations in the waters of the tributaries in
the present period. The total amount of nitrogen enter-
ing Lake Baikal from the atmosphere has increased.
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CoBpemeHHan OLeHKa coaep)XaHUA a3oTa
u docPpopa B peuHou BoAe H CHEIXHOM
nokpose B 6accenHe l0O)xnoro bankana

Onumyk H.A.", TomGepr U.B.", Hepetaesa O.T'.

JIumHostoeuneckuti uHcmumym Cubupckozo omdesteHua Poccuiickoti akademuu Hayk, Yian-Bamopckas, 3, Hpkymck, 664033,
Poccusa

AHHOTAILIUA. B craTtbe nprBefeHbl pe3yJIbTaThl MHOTOJIETHUX HCCJIeOBAaHUIN XMMHYECKOT0 COCTaBa
BOABl IIPUTOKOB M CHEXHOTO IIOKpPOBa IOT0-BOCTOYHOIO U IOro-3amafgHOro nobepexuii o3. Baiikai.
[TpoaHaIM3KMpOBaHO coAepXaHue pasHbX Gpopm a3oTa u pocdopa B peuHBIX BOJAX U CHEXXHOM IIOKPOBE.
JlaHa KojiuecTBeHHas OljeHKa OCTyIUIeHNs obmero azora u pocdopa 13 atmocdepsl Ha BOOOCOOPHEII
6accelit I0xHoro batikasa 3a 2019-2023 rr. BoJiblitylo HarpysKky 1o cofepkaHuio pasHbex GopM a3oTa
u pocdopa B CHEKHOM IIOKPOBE U BOJie IPUTOKOB MCIBITBIBAET I0T0-3anafHoe obepexbe o3epa. A30T
B CHEXHOM IIOKpOBe U npurtokax IOxHoro Balikayia npefcTaBjieH IIpeHMYyIIeCTBEHHO ero MUHepaJsib-
HOU (opMoii. Peku 10ro-BOCTOYHOI'O MOOEPEXbsi, UMEOIIME UCKIIIOYNUTEIFHO aTMOCchepHOe MUTaHUE, B
OCHOBHOM MaJIO NIOJBepXKeHbl aHTPOIIOIreHHOMY BO3/elCTBUIO, B TO BpeMs Kak MaJible BOJOTOKU I0ro-3a-
najHoro mnob6epexpsa o3epa (moc. JIMCTBAHKA) KCHOBITHIBAIOT 3HAYMTEJIbHOE BJIMAHNE XO3AMCTBEHHOMN
JeATesIbHOCTU. B cHexxHOM nokpoBe HOxHoro balikasia 1 B peuyHBIX BOJax I0r0-BOCTOYHOI'O Iobepexbs
npeobiamaer opraHndeckas ¢opma ¢ochopa. B Boe MpUTOKOB H0ro-3anagHoro nodepexnsa docdop
IIpeficTaBjIieH ero MuHepajabHON GopMmoii. [IpoBejeHO cpaBHeHNEe COBPEMEHHBIX NAaHHBIX C pe3yJbTa-
TaM¥ IIPOILIBIX JIET.

Kioueawie cnioea: nputoku I0xHoro batikana, CHexXHBIN TOKPOB, pocdop, a3oT, noc. JIncTesaHka

Jla nutupoBaHusa: OHumyk H.A., Tom6epr U.B., Henpertaesa O.I'. CoBpeMeHHas oIleHKa cojiepaHus azoTa 1 ¢pocdopa B ped-
HO BOJIe I CHEXXHOM ITOKpoBe B OacceriHe FOxHoro Bafikasna // Limnology and Freshwater Biology. 2024. - No 5. - C. 1337-1356.
DOI: 10.31951/2658-3518-2024-A-5-1337

1. Beepenue BIJI BBICOKYI0 ITPOAYKTUBHOCTh OMOLIEHO30B IIpubpex-

HBIX BoJ Balikasia, 4To mprBeJIo K MacCOBOMY Pa3BUTHIO
He CBOMCTBEHHBIX JIJIs1 03epa BUOB MAaKPOBOIOPOCJIEN,
CMeHe [JOHHBIX abOpUTreHHBIX BUOB-JOMUHAHTOB U
HapylmIeHNI0 €CTEeCTBEHHOM [JIi SKOCHUCTEMBI TOSIC-
HOCTH B ux pacmpefeneHun (Kravtsova et al.,, 2014;

Hawubosiee noapoOHbIe THAPOXUMUYECKHE UCCIIe-
JoBaHuA NpuTokos HOxHoro Balikana MpoBOOWINCH B
50-x ropgax DIpoOLLJIOr0 BeKa, B AOWHAYCTpHUAJIbHBIN
nepuoA: OblJIa JaHa XapaKTepUCTHKAa MOHHOIO, raso-

BOI'0 COCTaBa W KOHIIEHTpaluil OMOTeHHEBIX 3JIEMEHTOB
(BoruHIieB u ap.,1965). Pe3yabTaTsl 3TUX KUCCIIEI0BA-
HHUI OTPaXarmT eCTeCTBEHHHBIN IPUPOJHBIN (POH B peru-
OHe U MOTyT OBIThb MCIOJIb30BaHBI AJIA CPaBHEHUs C
COBpeMeHHBIMM AaHHBIMU. McciefoBaHUA NOCTIeIHUX
JIeT CBUJETEJIbCTBYIOT O YBEJMYEHUM MOCTYIUJIeHUs B
npubpexHylo BoAy balikana coenuHenuii ¢ocdopa
U a3oTa B pe3yJibTaTe MOBBIIEHUA aHTPOIOTe€HHOU
Harpy3ku Ha IpuOpexHble palioHbl o3epa. PaboTh
MoKasajiM, 4To B ypOaHM3MPOBAHHBIX palloOHax 03epa,
B BOJIe PeK, MPOTeKawINX Yepe3 MOCeJKU U ropofa,
perucTpupoBaIn BBICOKME KOHIIEHTpalu{d HUTPAaTOB,
ammonus u ¢ocdaros (Malnik et al., 2022; Onishchuk
et al., 2022). IIpUTOK GMOTEHHBIX DJIEMEHTOB 06YCIIO-
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Timoshkin et al., 2016).

Ha 1oro-3anagaom nob6epexsbe o03. batikan oqHuM
n3 HauboJiee 3HAYMMBIX MCTOYHUKOB IOCTYILJICHUA
asora u ¢pocdopa sABAeTCA nocesiok JINCTBAHKA - HOMy-
JIIpHOE TYpUCTHUYECKOE MeCTO, rjae pasBuTta uHdpa-
CTPYKTypa € OOJIBIINM KOJIMYeCTBOM TOCTHUHUIL], Kade
U C BBICOKMM TpapuKOM aBTOMOOWJIBHOTO U PEYHOIO
TpaHcnopTa. VccienoBaHus BogoTokos (p. Kpecroska,
pyublu Bou. u M. Uepemmianka, Kamenymika), nporeka-
IOIIMX 4Yepe3 MOCEJIOK, IPOBOAATCA B CBA3U C BO3pac-
TaHHeM aHTPONOreHHOU Harpy3ku U yIpo30i 3BTPO-
¢dukanuu 3anuBa JlncTBeHHUYHBI. [1o TuTepaTypHEIM
naHHBM (3aropyJssko u np., 2014; BopobeeBa u Aap.,
2017; KocTtiokoBa, 2022), coctaB BoAsl p. KpecToBka

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3a mocienHue 50 JieT 3HAYUTEJIBHO U3MEHWJICA B
CTOPOHY CHIXEHHUsS KadecTBa BOJbl. B KOMILIEKCHBIX
UCCIe/IoBaHUAX OBLIO I[IOKa3aHO, YTO AaHTPOIIOTeH-
HOMY BO3[JENCTBUIO IOJIBEPTraloTCA He TOJIBKO MOJ-
3eMHble U TOBEPXHOCTHBIE BOJIbI, HO U aTMocdepHbie
ocaJIKy, pacTUTeIbHOCTD, ouBkl (Hewaesa u ap., 2010;
Bopo6réBa u mp., 2016; CytypuH u ap., 2016; fAxuyk
u 1p., 2021; Yebynuna u fp., 2018). OTmedaercs, 4To
B noc. JIMCTBSIHKA MPOUCXOOUT yCTONYMBOE 3arpsi3He-
HUe TPYHTOBBIX BOJ HUTpAT-UOHAMU, pexe HNOHAMU
amMoHnusa (HanpacHukosa u fip., 2007; Anekcees u ap.,
2016; AnekceeB u ap., 2018; AsnekceeBa U AJieKcees,
2023; AnekceeBa u Jip., 2023).

Ha roro-soctouHoMm mnobepexbe Baiikana peu-
Hble BOJBI IOJBEPXXEHBl A30THOMY 3aKHCJIEHUI0 MO
Bo3JeiicTBueM aTMocdepHBIXx ocagkoB. OCHOBHBIMU
WCTOYHMKaMM 3arpsi3HeHus atMocdepsl B 3TOM pali-
OHe ABJIAIOTCA Xeje3Has Jopora U aBTOMOOUJIbHAA
Tpacca, a Takxe IepeHOC 3arps3HsAIINX BelecTB OT
VpkyTcko-AHrapcKoro IpPOMBIILIEHHOTO KOMILJIeKca
(CopokoBukoBa u Ap., 2015; Sorokovikova et al., 2020;
Sorokovikova et al., 2021). B HacTosmee BpeMs 60J1b-
mas 4acTh COeJUHEeHUI a30Ta, NOCTYMAaoNINX B Ha3eM-
Hble CHUCTeMbl ¢ aTrMochepHBIMU OcajJKaMu, HMeeT
TeXHOTeHHOe IPOMCXOXJeHUe U CBs3aHa C 3MUCCHell
a30Ta MPOMBIILJIEHHBIMU IPeAIpUATUAMUI U aBTOTPaH-
crioptoM. [To Poccuu BBIGPOCH 3TUX ra30B OT CTAIMO-
HapHBIX UCTOYHUKOB 3a nepuon 2018-2022 rr. ysesnu-
ynnck Ha 11%, B pkyTckoii obsactu — Ha 3% (O630p
cocTosHuA..., 2023; T'oc. Jlokia..., 2023).

Kak 13BecTHO, CHEXXHBIN IOKPOB fABJIAETCA Y00-
HBIM MHAUKATOPOM 3arpsi3HeHUs aTMochepHOro BO3-
ayxa. YUyBCTBUTEJIBHOCTb CHEXHOrO MOKPOBa K HM3Me-
HEHUI0 YPOBHs aHTPONOTreHHON Harpy3Ku B pervoHe
MO3BOJIAET OLIEHUTh BJIMSAHUE aTMOc(epHBIX BhHIIafe-
HUI, B TOM uucJie a3oTta u pocdopa, Ha XUMUUECKUIT
COCTaB NMOBEPXHOCTHBIX BO/I.

Llenpio paboTHl cTaja OIeHKAa COBPEMEHHOIO
MOCTYIJIEHUs coeIUHeHNII a3ota U pocdopa us aTMmoc-
(depsl, U3yueHre CE30HHON U MeXroJJ0BOU JUHAMUKU
3TUX KOMIIOHEHTOB COJEepXaHUs B BOJe IPUTOKOB
IOxHoro Batikaa.

2. MaTepuanbl U MeTOAbI MCCAEAOBAHMA.

HM3yueHO coAepkaHue coeUHEHUH asoTa u Qoc-
dopa B Bome 2 rpymm mpurokoB HOxHoro Baiikama.
IlepBas rpynna — peky, Oepylire Hayajio Ha CeBepHOM
ckjoHe xpebra Xamap-/labaH, HauboJiee penpeseHTa-
TUBHO OTpaxaliye N3MeHeHUs XMMUYeCcKoro cocraBa
PEeYHBIX BOJI, BEI3BaHHBIE NOCTYyIJIEHNUEM 3arpA3HAIOLIINX
BemecTB u3 atmocdepsl (Sorokovikova et al., 2020).
[lutanye 5TUX IPUTOKOB OCYIIECTBJIAETCS UCKIIIO-
YnTeJbHO arMocgepHBIMH ocaAkamu. bacceliHbl pek
OTJIM4YaeTcs BBICOKOHM YBJIQXXHEHHOCTBIO BCJIEICTBHE
6J1aronprATHON OPHEHTAalMy 10 OTHOIIEHHIO K HallpaB-
JleHuIo IpeobJiafaloliero BjaaromnepeHoca. 3aech BhIIIa-
JaeT HauboJibniee A K0xuHoro Ilpubaiikaiba Kojnye-
cTBO ocajkoB A0 1060-1720 MM, TOJIMHA CHEXHOI'O
okposa MoxeT gocturatb 2 M (O6oskuH, 1989).

Bropas rpynma pek IpoTekaeT IO IIOC.
JIncTBsAHKA, KOTOPHII pacloJIoXXeH Ha 3araJHoM Oepery
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IOxHoro Baiikana 1o npaByl0 CTOPOHY OT MCTOKa p.
AHxrapa. Yaunsl mocejka TSAHYTCA BJAOJIb PaclagKoB,
rje IpoTeKkanT HeboJbIIKie BOOJOTOKH, CAMBIM MHOTO-
BOJHBIM U3 KOTOPHIX fABjAeTcA p. KpecToBka.

B mputokax IOxHoro Baiikasna, cTekamlmux C
ceBepo-3allalHOro0 CKJIOHA Xp. Xamap-ZlabaH, mpoObl
0oTOMpAaJKCh B YCThAX pPeK B pa3Hble TMAPOJIOTNYecKue
ce30HH (MapT, Mai, Hi0Jib, ceHTsA0pb) 2019-2023 rr.
YuuThiBasg BBICOKYI0 3arpsA3HEHHOCTb NPUOpPEeXHBIX
TeppuTOpHil 3anagHoro nodepexsbsa I0xHoro Baiikana,
Ha BOJOTOKax B Ioc. JINCTBAHKA HaOI0AeHUsA IPOBO-
JWINCh eXeMeCAYHO B ABYX CTBOpax: BHIIIE IIOCeJKa
(dboHOBRBINT CTBOpP) U B yCTheBO 4dacTu. [[JisA Kojmye-
CTBEHHOMH OIleHKH IOCTYIUIeHus asoTra u ¢ocdopa us
armocdepsl B ¢eBpane (MakCHMaJIbHBIM BJarosamnac
B CHEXHOM IIOKpOBe) OTOMpaIncCh NPOOBI CHEXHOT'O
IIOKpoBa. B cHeroBoil Bojie olipefesisjioch cofepXXaHue
asoTta u ¢ocdopa, pacCUMTEHIBAJIOCh UX HaKOIJIeHNUe B
bacceiiHax u3ydaeMbix pek. Cxema oTbopa mpob cHex-
HOro nokposa u nputokos H0xHoro batikana npeacras-
JeHa Ha PucyHke 1.

B peuHoll Boge ompedesAJNCh MHHepaJIbHbIE
dopmsbl azoTa (HUTpaThl, HUTPUTH], MOHB aMMOHUA) U
docdopa (pocdaTsl), a Takke Ux oblllee coAepKaHue.
[To pasHuie oOUMX U MUHepaJIbHBIX (GOPM pacCUUTHI-
BaJI OpraHuYecKylo YacTb. KoHIleHTpanuu MuHepab-
HBIX GOpPM B peuHOH Bojie U3MepsIu Ha creKTpodoTo-
metpe I13-5400BU (Poccusi): HUTPUTHI — C peaKTUBOM
I'pucca, HUTpaATH — € CaAJMIUJIOBOKHMCJIBIM HaTpueM,
aMMOHUUHBIN a30T — MHAO(QEHOJIbHEIM MeToI0M, doc-
datel — MmeToAoM JleHMXKe-ATKUHCA C XJIOPUCTHIM OJIO-
BOM B KauecTBe BOCCTaHOBUTesA. B pacmiaBax cHera
HUTPUTH U ¢ocdaTkl onpefesisain Tak Xe, Kak U B ped-
HOMU BoJle, aMMOHMIHBIN a30T U3MepsIU creKTpodoTo-
MeTpuyecKu ¢ peakTuBoM Hecciiepa, HUTpaTh— MeTO-
JIoM HOHHOHN xpoMartorpaduu. ComepxkaHue oOIero
docdopa u azota B npobax ompeAesisAivd Ha CIEKTPO-
dotomeTpe mnocisie mnepcyabdaTHOTO OKUCJIEHUA [0
docdaroB u HuTpatoB coorBeTcTBeHHO (Wetzel and
Likens, 2000; Khodzher et al., 2016; AHamuTHYeCKHE. . .,
2017).

p- Kamenymea

P- M. Uepemmanka

p. KpecroBka

p- b. Uepemmanka
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3. Pe3yAabTaTtbl M 06Ccy)xpeHue

3.1. Coaep)xaHue COeAMHEHHMH a30Ta
u ¢pocdopa B CHEXXHOM NOKPOEBeE B
HCCAeAYyeMbIX paloHaXx

Kak nokasanu uccsefoBaHusA, cpeJHeMHOT0JIeT-
HAA KoHIleHTpauusa NoOIl B CHEe)KHOM ITOKPOBe 10r0-BOC-
ToyHOro mnobepexbs o3epa cocraBuia 0,66 mr/mm3
npu konebanuax ot 0,45 go 1,13 mr/gm3. Haubosnee
BBICOKOE cpeJlHee 3HaueHHe OTMeueHO B OacceliHe p.
IMepeemuas (0,78+0,21 wmr/am3), nNOABEPXKEHHOM
JIOIIOJTHUTEJIbHOMY aHTPOIOIeHHOMY BO3ZeHCTBUIO
BCJIE/ICTBHE IlepeHOoca ra30oBbIX KOMIIOHEHTOB IIpHMe-
ceii (OKCHIOB a30Ta) OT IPOMBINLIEHHBIX HUCTOYHU-
KOB, pacrnoJjIoXeHHBIX B MpKkyTckoii arjiomepauuu (IT.
Upkyrck, Aurapck, lllenexos). Haumensmum copep-
xaHueM NoOmy xapakTepusyeTcs CHEXHBbII TOKPOB B
6acceline p. Xapa-MypuH (8 cpegueM 0,56 +0,09 mr/
aMm3). B MexroqoBoi AUHaAMUKe HanboJjiee «UUCThIN» 10
coaepxaHui0 NoOII. CHeXHBII IIOKPOB OTMe4eH B 3TOM
patione B 2020 r. (0,55 mr/nm3), HauboJiee «3arpss-
HeHHBIN» - B 2019 r. (0,74 mr/nm3). Kak ciengyer us
Tabnunsl 1, 6osbmas yacTb a30Ta B CHEXXHOM IIOKPOBe
npejicTaBjeHa ero MUHepaJibHOU popmoii (B cpegHeM
73%). HanboJiee BbICOKOE cofiepxaHue JaHHOU (GOpMBIL
asoTa B CHEXHOM IIOKpOBE 3aperucTpupoBaHO B yCTbe
p- Mumwnxa.

CpenHeMHOrosIeTHee CofepxaHue P . B CHex-
HOM [IOKPOBe JaHHOT'0 palioHa BapbHpPOBAJIO B IKPOKUX
npefesiax, 9-109 mkr/am® (Tabauia 1) mpu cpegHeM
3HaueHuu 27 *+ 12 mkr/ame. MakcuMaJibHOe cojiepxa-
HUe oTMeueHO B Oaccelite p. [lepeemnas, B cpegHeM 44
MKT/OM3, MUHUMAaJIbHOE (B 2,6 pa3 HIXe) — B paiioHe p.
Xapa-MypuH. HauboJiee BbICOKHE KOHI[eHTPALUU P ow
TaKXe, Kak 1 N ; , Ha I0r0-BOCTOYHOM I0G€epexbe OTMe-
yensl B 2019 r. Kak ciienyer uz Tabsuiisl 1, B CHEXXHOM
MOKPOBe JJaHHOW TEeppUTOpUM IpeobsajaeT OpraHu-
yeckaa ¢dopma docdopa. Ee comepxkaHue B cpegHeM
cocTasiAeT 76 %. MakcuMyM cofepXaHus P 3adpukK-
cupoBaH B 6acceliHe p. CHexxHas. J[0J11 MUHepaJbHOTO
P B cHexHOM IOKpOBe paiioHa He npeBbimaina 30%,
MakCUMyM ero cojepxaHus perucTpupoBaju B Oac-
celiHe p. YTYJIUK.

B cHexHOM ©OKpOBe IOro-zamnagHoro mnobepe-
Xbs1 Balikasia cpeJTHEMHOTOJIETHAS KOHI[eHTpaIus Noﬁm
coctaBwia 1,1 mr/am® npu kosebanusx ot 0,6 go 2,0
mr/nM3. Hanbostee BBICOKOE cpeflHee 3HaueHUE OTMe-

yeHO B ycTbe p. bosa. Yepemmanka (1,53+0,46 mr/
nM3). ATMocdepHBIil BO3[IyX B palioHe moc. JINCTBAHKA
B XOJIOOHBIY MepuoJl HCHBITHIBAeT 3HAUYUTEJIbHYIO
aHTPOIIOTeHHYI0 HarpysKy BcJIe[icTBUEe pabOTHl MecCT-
HOUM KOTeJIbHOM, CXuraioieil ma3syT, [e4YHOro OTo-
IJIeHUsA, a Takxke OOJIBIIOrO MOTOKA TPAaHCIOPTHBIX
CpeICTB [0 aBTOMOOMJIBHOM Tpacce BAOJIb IIOCEJIKA U
Ha JIbly 03epa B 3TOM TypUCTHYeCKOM parioHe. Kpome
TOTO YCTAHOBJIEHO, YTO IpU OINpeJesIeHHBIX MeTeo-
pOJIOTHYECKUX YCJIOBUAX 3arpsA3HeHHble BO3YILIHbIE
Macchl IIpU ceBepo-3alagHOM IlepeHoce IONajaiT B
3TOT palioH M3 OJIMXAMIINX NPOMBIIUIEHHBIX T'OPOJIOB
[Mpubatikanesa (Obolkin et al., 2021; Shikhovtsev et al.,
2022). Haumenblree cofepxaHue N & 3apericTpupo-
BAHO B CHEXHOM IIOKpPOBe B BepxHeM TeueHUU p. boi.
YepeMinaHka, B 2 pa3a HIKe, 4eM B ycTbe. Takas xe
TeHJIeHI1A IPOCJIeXUBAETCA U AJ1A CHEXXHOI'O IIOKPOBa,
0TOOpaHHOI'0 B BepXHEM U HIXXHEM TeYeHUAX OCTalb-
HBIX HCCJeQyeMBIX peK B mnoceske. Haubosiee Hu3kue
KOHILIeHTpaluu NoGu.] B JIucTBsiHke oTMeueHH B 2021 1.
B cpaBHeHUM ¢ 10ro-BOCTOYHBIM NOOEepexxbeM cofepxka-
Hue N Ha foro-3anagHoMm noGepexse Baiikana B 1,6
pa3 BBIIlE, YTO CBA3AHO C OOJIbIIEN aHTPOIIOT€HHOM
HarpysKoH Ha BO3JYIIHYIO Ccpelly B IIOCeJIKe.

Kak cienyer n3 Tabmuipl 2, a3oT B CHEXHOM
oKpoBe Moc. JIMCTBAHKA, TakXke Kak M Ha IOro-BOC-
TOYHOM I0Oepexbe, IpefACTaBjieH IperMYyIlecTBeHHO
ero MUHepaJibHOI dopMmoii. Hauboblllee cosiepxaHue
JaHHOH (PopMHI asoTa 3aUKCUPOBAHO B yCThe pyd. M.
Yepeminanka. MakcuMajibHOe cofepXxaHue Nopr orpe-
JleJIeHO B CHEXHOM IIOKpoBe B ycTbe p. KpecroBka.
B mMuHepasnbHOU ¢popme a3oTa Ha 000uX MOOepeXbax
OTMeueHO IpeobsafaHue aszoTra HuUTpatHoro. Ero
cofepxaHue kosiebserca B mnpefenax 71-98%. Hoia
N . B OOLIeM coepXaHUU a30Ta B CHEXHOM IOKPOBE
3anagHoro nobepexnps cxoxee ¢ BOCTOYHBIM (74%).

CpenHeMHOroJIeTHsAA KOHLEHTpalysA P B CHeX-
HOM IIOKpOBe I0ro-3amafgHoro nobepexbsA COCTaBjAET
61 = 32 mxr/aM®, 4To B 2,3 pa3a BHIIIE, Y4eM Ha FOr0-BOC-
TOYHOM IoOepexbe. 3HAUMUTEJIbHO IIMpe U Auana3oH
Kojiebanumii gaHHoi BeymuuHbl (10-610 Mkr/am®).
MakcuMyM coAepkaHuA 3aperucTpUupoBaH B HIXXKHEM
TeueHnu p. Kamenymka. HauboJsiee BbICOKOe cpefHee
3HayeHUe oTMedeHO B 2022 r., B 2 pa3a IpeBHIIa-
Imlee CcpeJHEMHOIOJIETHIOI BeJnuynHy. HauMeHsblee
copepxaHue P, (26 MKr/AM®) onpefieieHO B CHEXHOM
IIOKPOBE B BEpXOBbsAX pyubeB M. u bos. UepeminaHka
BHIIIIE [TOCesIKA B JIeCcHOM 30He. CiiefyeT OTMeTUTh, 4TO

Ta6smmna 1. Comepxanue pasHsx popMm docdopa 1 a3oTa B CHEXHOM IIOKPOBE B GacceiiHe IPUTOKOB I0T0-BOCTOYHOrO mobe-

pexbs 03. batikai, 2019-2023 rr.

Pexn Jlunanazon %orP Jluanason % or N
KOHI[eHTPanHi KOHI[eHTPaIMi
P oo MKT/InM° P P N, » Mr/am? N, N__
Vryauk 9-88 29 71 0,58-0,83 72 28
CoJizaH 12-88 18 82 0,54-0,78 74 26
Xapa-MypunH 9-31 23 77 0,45-0,64 72 28
CHexHas 10-46 14 86 0,49-0,70 69 31
[Tepeemnasn 14-109 20 80 0,58-1,13 73 27
Mumixa 10-60 26 74 0,61-0,78 78 22
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Ta6suna 2. Conepxanue pasHbix GopM docdopa u a3oTa B CHEXXHOM IOKPOBe B HacceliHe IPUTOKOB I0r0-3amnagHoro nobe-

pexbs 03. batikas, 2019-2023 rr.

BogoToku JuanasoH ) % oT Poﬁm JuanasoHn ) % oT Noﬁm
KOHI[eHTpauuu KOHI[eHTpauuui

Pow MKT/am3 P P Noow mr/am® N N, |
bos. YepemmaHka, ycTbe 40-127 6 94 0,78-2,00 80 20
Bous. YepemmiaHKa, BhIlIe IOCEJIKA 22-29 25 75 0,60-0,86 72 28
M. YepemiiaHka, yCTbe 10-75 13 87 0,76-1,87 88 18
M. YepeminaHka, BBIIIE [TOCEJIKA 22-30 20 80 0,67-0,81 69 31
KpecTtoBka, ycTbe 23-127 37 63 0,73-1,51 65 35
KpecTtoBka, BhIlle nIOCEJIKA 17-59 23 77 0,69-0,79 76 24
Kamenyuika, ycTbe 60-610 32 68 0,89-1,65 67 33
Kamenyka, Bpllle roceska 34-70 23 77 0,76-1,91 77 23

B BEPXOBbAX HCCJIEAyEeMbIX BOJOTOKOB, BHILIE II0CEJIKA,
copepxanue P . B CHEXHOM IIOKpOBe OT 2 10 4 pa3
HIXe, YeM B HM30BbAX peK, Ha TeppUTOPUU CaMOro
roceJIka.

Pacuer cooTHomeHuii pasHbix popm docdopa
B CHEXHOM IIOKpOBE B BEPXOBbSX PeK I0ro-3anaJHOro
nobepexxps Baiikama mokasan AOMHHMpOBaHMe P
(Tabauna 2), Takxke, Kak 1 Ha I0r0-BOCTOYHOM Mobe-
pexne. B cpenHeM conepxaHue POpr coctasysaeT 78 %
oT obmiero coaepxaHus Qocdopa, 4To 6JIU3KO K aHa-
JIOTUYHOM BeJIMYMHE Ha 0ro-BOCTOYHOM Io0epexbe
(76%). MakcumyM JaHHOHN BeTWYMHBI 3aUKCHPOBaH B
ycTbe pyd. Bosi. Yepemiuanka. HanGosbiuuii Bkaag P
OTMeueH B CHE’KHOM IIOKpOBe B ycThe p. KpecToBka.

[lo MHOroJIETHUM JaHHBIM pacCiuTaHO HaKo-
mienve P, u N B CHEXHOM IIOKPOBE H3y4YaeMbIX
Teppuropuil. Kak cienyer us Puc. 2, BelmunHa akKy-
MyJIALUM 0011jero a3oTa BapbupyeT B npefesax 28-103
mr/m2% Ha oro-socToyHoMm noGepexbe HaKOIUJIEHHe
JaHHOTO KOMIIOHEHTa B cpefqHeM Bbille B 1,5 pasa 3a
cyeT OoJiplllero Bjarosamaca (B 2-3 pasa), ¢ Makcu-
MyMoOM B ycTbe p. CHexHasA. B JlucTBsaHke HauboOJIb-
muM HakoluleHMeM N _  xapakTepusyercs OacceliH

o611y
p- KaMeHYH.IKa. HakormieHue Poﬁm B CHEXHOM IIOKPOBE

YTyNMK
ConsaH
CHemHan
MuLmxa
Bon.
KpecToBka

Kapa-MypuH
HepemwaHka

MNepeemHan
M. HYepemwarka
KameHywra

M2

nsMmeHsutock ot 1,1 mo 8,3 mr/m2. MuHuMasbHas
aKKyMyJIALUA 3aperucTprupoBaHa B ycThe p. Mumuxa,
MakcuMaJbHas — Takxe B OacceiiHe p. KameHymika,
B HUXHeM ee TeueHuu. CpaBHeHUe CpeJHUX BeJIU-
yiH HakomeHusa ¢ocdopa B ABYyX paiioHax HOxHoro
Batikana nokazasio GoJibiiee (B 1,9 pa3) HakoIieHUe
Ha [Oro-amajgHoM mnoOepexbe BcJe[CTBHE OOJIBIINX
KOHI[eHTpauuil B HU30Bbe p. KameHymika. 3a HCKIIO-
YeHUeM 3TOTO y4YacTKa, HaKOILIEHWe [aHHOr0 KOMIIO-
HEHTAa B CHE’)KHOM ITOKPOBeE [IBYX Iobepexuil HaXoAUTCs
Ha OJJHOM YPOBHE U He IpeBbIIIaeT 3 Mr/m>2.

[To gaHHBIM CHErOMEepHBIX CheMOK U MOHUTO-
puHra artMoc@epHbIX OCaJKOB Ha CT. JIMCTBSHKA B
2019-2023 rr. u cT. Ta"xoi (1oro-BocTOUHOE IMObGepe-
Xbe o3epa) B 2023 r. paccuuTaHO I'OJ0BOE BBINA/IeHUE
u3 atMocdepsl obmiero azora u ¢gochopa Ha NMOACTU-
JIaIoIIyI0 TIOBEPXHOCTh U OIleHeHO UX IMOCTyIUJIeHre Ha
akBaTopuio FOxHoro Batikasna (Ta6auna 3). Kak BugHo,
BEJINYMHBI BBIIAZIEHUH P | MaJIo OT/INYAI0TCs Ha HCCITe-
nyeMbix mobepexbsax HOxHoro Batikana. BeimageHus xe
N, Ha BocToyHOM Gepery Ha 34 % Bbilie 3a c4eT GOJIb-
mero (B 2 p) KoJmMyecTBa 0CaKOB.

71 BO3MOXHOCTM CpPaBHUTb Halll JaHHBIE C
noJjlyueHHbBIMU paHee (B 1986-1987 rr.) asna Bcero

9,0 P
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7.0
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40
3,0
2,0
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1

YTYNMKE
ComsaH
CHemHan
MuLmxa

Kapa-MypuH
MepeemHan
Bon.
HepemwaHka
KpecToBka
Kamerylwka

M. HepemwaHka

Puc.2. Hakorutenue o6miero ¢pocdopa u obiiero a3ora B CHEXXHOM IOKPOBE I0I'0-BOCTOYHOTO U I0r0-3araHOro nobepexuil

03. Batikan, mr/m? (2019-2023 rr.)

1350



Onuwyk H.A. u dp. / Limnology and Freshwater Biology 2024 (5): 1337-1356

Ta6suna 3. IoctynneHue obiero pocdopa u azora us armocdepsl Ha akBaTopuio 03. batika (B unciuTesie - pa3Max KoJjie-

6aHull, B 3HaMeHaTeJie - cpeqHue BeJInunHbl), 2019-2023 rT.

Paiion uccieqoBauuii| I'omoBoe BhIajfieHHE, IToctynsieHue u3 atMocdepsl, ThIC. T/TOX
2
YR D I I0xHas kotsioBuHa (7432| AxBatopus o3. Baiikan
KM?2) (31722 xm?)
Pon Noﬁm Poém Noém Poﬁm Noﬁm
IOro-3amajzHoe 0,027 0,50 0,20 3,7 - -
nobepexne
IOro-BoctouHoe 0,030 0,67 0,22 5,0 - -
nobepexne
Bce o3epo 0,008-0,057 0,16-1,1 - - 0,3-1,8 5,0-34,9 10,6
(2019-2023 rT.) 0,017 0,33 0,6
Bce o3epo - - - - 0,6-0,8 5,9-8.3
(1986-1987 rT.) * 0,7 7,1

IIpumeuanme: *- Atiac osepa batikas, 1993

o3epa ObUIM NPUHATH HEKOTOPBIE AOMyIleHuA. AHaIN3
JaHHBIX MHOTOJIETHET0 MOHUTOPHHIa aTMochepHBIX
ocagkoB Ha cT. JIMCTBAHKA MOKa3aJj, 4YTO KOHIIeHTpa-
uuu N B CHEXHBIX U JOX/EBBIX BBIMTAJIEHUAX MaJIo
pasmuuarorcea. Conepxanue P B TeIUJIBIN IepHUo/, Kak
npaBuJio, 0 2 pa3 Bhime. [103ToMy B CBA3U C OTCYT-
CTBHEM JAaHHBIX O COJIep’KaHUU U3y4aeMbIX KOMIIOHEH-
TOB B IOXAAX B paiioHe CpefHero u CeBepHoro batikana
OJiA pacueTa TOAOBBIX BBIIaJEeHUI a3oTa Opajiuch UX
cpegHUe KOHIIEHTpalMuy B CHEXHOM IIOKpPOBE, OTO-
OpaHHOM B pa3HBIX palioHax Mmobepexbs U aKBaTOPUU
osepa. CpefiHerofioBoe cojepxkanue P, BO BJIaXHbBIX
BBIMAJIeHUAX HaXOAUJIOCh C YUYeTOM ero OOJIbIINX BeJiu-
YUH B TeIUIBIN nepuof. OnpeneeHHbIe TAKUM 00pa3om
KOHIIEHTpalu yMHOXaJICh Ha TOAOBOE KOJIMYECTBO
0CaJKOB B pa3HBIX MO yBJIaXHEHHOCTH palioHax 03epa,
1320 mm qus cr. Xamap-Ha6an (FOxwubii Batikai) u
190 MM g1 ct. Y3yp (o-B OsnbxoH, Cpeguuii Baiikai).
KosmuecTBO ocazkoB B3ATO u3 paboTel (OOOJIKMH U
Xomxep, 1990). IlosryyeHHBIE MUHUMAJIbHBIE W MAaK-
cUMaJibHble BeJIMYMHBI IMOCTYIUIEHMA Ha aKBaTOPUIO
o3epa mnpexcraBjeHsl B Tabiure 3. /[nana3oH KoJie-
6aHull UX JOBOJIbHO IIMPOK M3-3a 3HAYMTEJIBbHOU pas-
HUIIBI B KOJIMYECTBE OCAAKOB Ha BBIOPAHHBIX CTAHIIMAX
(B 7 pa3). CpenHue 3HAUYeHUs, KOTOPbIE TPEJCTABJIS-
TcA 0oJiee OOCTOBEPHBIMM, pacCUUTaHBI MO Cpenl-
HeMy 1A Balikasa koJjudecTBy aTMochepHBIX Ocaj-
k0B (400 mMm) (O6oskuH, 1989). ITosyueHo, uro 3a 35
NpoIIeAMNX JIeT HocTynaeHne N o 13 atMocdephl Ha
akBaropuio balikasa yBeauuyunioch B cpegHeM B 1,5 p,
NOCTYyIJICHUE P06Lu ocob6o He usMmeHusioch (Tabaura 3).
CrieqyeT cpa3y OrOBOPUTHCA, UTO 3TO IHEpPBBIE OIeHKU
MOCTYMJIeHUs BEIOpaHHBIX KOMIIOHEHTOB Ha aKBaTOPUIO
Bcero o3epa. IIoaToMy OHM HOCAT NpeABapUTEJIbHBIN
xapakTep U TpeOylOT AajibHelmux, OoJiee JeTaJbHBIX
UccJieJOBaHUN cofiepXkaHuA opraHudeckux Gopm doc-
dopa u azora B atmMochepHEIX BhHINAAEHUAX B palioHe
Cpennero u CeBepHoro batikama. OTMeUYeHHBIII POCT
BBITAJIeHUI N 6., 113 atMocdepsl B cpaBHeHnu ¢ 1980-
MU IT. BEPOATHO, 00YCJIOBJIEH yBeJMUYeHeM BEIOPOCOB
OKCHJIOB a30Ta OT CTallMIOHAPHBIX UCTOYHUKOB U KOJIU-
yecTBa aBTOTPAHCIIOPTa, IOCKOJBKY OH 3aHHMAaeT B
HacTosdllee BpeMsA JUANpPYIoIliee MeCcTO B 3arpsA3HeHUNn
OKpYXalolei cpeJbl.
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3.2. Coaep)XxaHue COeAMHEHHH a30Ta u
docdopa B BoAe NPUTOKOB HOro-BOCTOUHOIO
nob6epexbs o3epa bankan

AHanu3 MHOTOJIETHHUX [AaHHBIX I[IOKas3ajl, YTO
cofepxxanne P . B BOAE MPUTOKOB 0r0-BOCTOYHOTO
noGepexbs baiikasia B OCHOBHOM Hu3koe — 1-12 MKr/
ame, BoJiee BBICOKHE KOHIIEHTPAIUM PETHCTPUPOBAJIA
TOJIBKO B Bofe p. CHexHasd B JileTHUHM mepuof (mo 23
mkr/am®) (Puc. 3). DTa peka — caMblil KPYITHBIH 1 MHO-
TOBOAHBIN BOAOTOK B 3TOM paiioHe, JJIMHOI 6ojiee 170
kM. [loBbilleHe KOHIEHTpauui P o -~ JsileToM B BOZe
JaHHOU peku U Ha Apyrux pekax (YTynauk, Mumuxa),
BEPOATHO, CBA3AaHO C yBeJIMUeHHeM COJepXXaHuA opra-
HUYECKOro BellleCTBa B pe3yJbTaTe BereTaluu JieT-
Hero duromaaHkToHa. Ha ocTajbHBIX IPUTOKAX 3TOTO
parioHa Ce30HHOM JOUHAMWKU BBIABUTHh He YOAjoCh.
CHMXXeHUe KOHI[eHTpauuu Poﬁm B 2022-2023 rT., BO3-
MOXHO, CBSI3aHO C BBICOKOI BOJJHOCTHIO PEeK B 3THU T'OMBIL.

Kak 1 B CHeXHOM IIOKpPOBe, B BOJ€ IMPUTOKOB
JoMHUHUpyeT opranudeckas dopma ¢pocdopa — 58-97%
oT obmero conepxanu (cpeqHee 73%), MO3TOMY Cpef-

mEr Pfomd P 0By,
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Puc.3. Ce30HHaA u MeXrofosas AUHAMUKa COAEPXKaHUA
obmero ¢ocdopa u obiiero azora B Bojie IPUTOKOB I0r0-BOC-
TouHOTro nobepexsbs 03. batikasn, 2019-2023 rT.
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HEMHOroJIeTHUEe 3HauyeHUs PDpr U JUHAMMKa KOHIIEH-
Tpaluii B OCHOBHOM COBNAJaeT C TaKOBBIMU JJIs P
Conepxanue MuHepanabHOU GopMbl P B pekax oueHb
HU3KOe - CpeJHEMHOTOJieTHee 3HadyeHue 1 MKr/mms.
MakcumasibHble KOHLEHTpauuu P perncrpupoBain
3UMOH U BECHOU - 0 5 MKr/OM3, JIETOM Xe B pe3yJib-
TaTe OMOAKKyMYJIAIIMU BOLOPOC/AMU OHU CHUXAJIUCh
10 cJieqoBbIX 3HaueHun (Tabsuna 4).

ConepxaHnue N B BOJie IPUTOKOB BapbHPOBAJIO
ot 0,12 ;o 0,51 mr/mm®. MakcuMaJsibHble KOHI[EHTpA-
LIUM PerucTprupoBajid B pekax YTysiauk u CoszaH, rie
cpeJlHEMHOTrOJIeTHHe 3HauyeHus cocTtaBsuim 0,45 u
0,39 mr/mM3, cOOTBETCTBEHHO. MUHUMAJIBHOE COAEP-
’KaHue, co cpefHeMHoroseTHUMM 3HadyeHusamu 0,21 u
0,24 mr/nm3, oTMeveHo B pekax [lepeemHas u Mumunxa
(Puc. 3).

B oTnnuum ot pocdopa, B cocTraBe KOTOPOTo 60JIb-
IIy10 YacTh rofja npeobJafjaia opraHudeckas gopma, B
coCTaBe a30Ta JOMUHHUPOBaJia MUHepaJibHasi COCTABJISA-
omas (B cpegHeMm 70% ot Noﬁm). Konnenrpaiyu N B
nepuon ucciaegosaHuA Bapbuposanu ot 0,07 mo 0,47
mr/aM3. B 3uMHUE nepuof JoJ1s N Jocrurana 79-92
% ot obijero comepxaHusa. JleToM pa3BuUTHE ILIaH-
KTOHA U MOCTYILJIEeHHe OpraHnyeckoro BellecTBa ¢ 6ac-
celiHa 0OyCJIOBJIMBAJIO HEKOTOpPOE CHIKEHMEe KOHIIeH-
Tpauuii N ¥ yBeJM4eHre COJepXaHusA L\ (mo 0,29
mr/nM3), oJTHaKO, B Bojle OOJIBIIMHCTBA PEK U B 3TOT
nepuo npeobyagan MuHepasbHbIN azot (Tabsura 5).

BbicoKOoe OTHOCHUTENIbHOE cofepxanue N B
BOJle pek, crekatomux c Xamap-/labaHckoro xpeGTa
0o6ycJIOBJIeHO, B OCHOBHOM, BKJIaJoM HuTpaToB (90-
100% ot comepxanusa N ). KoHIeHTpanuuu HUTpPAT-
HOT0 a30Ta B BOJIe pPeK B MeEpPUOJ] UCCIeOBaHUs Bapbu-
poBaym ot 0,08 mo 0,47 wmr/am®. MakcuMasbHbIE
3HAUYEeHMs ITOr0 KOMIIOHEHTa HabJiofau 3UMOH U B
repuoj MoJIOBO/IbsI, MUHMMAJIbHbIE — B JIETHUI MepUOA.
CopepxaHrue aMMOHUIHOIO a3oTa B BOJEe IMPUTOKOB
00b1yHO 6BLI0 Hike 0,01 mMr/am®, ¥ TOJIBKO B IIOJIOBO-
Jbe WU BO BpeMs BBICOKUX JIETHUX ITaBOJKOB KOHI[eH-
Tpauuu yeauuyuBaiuchk Ao 0,04 mr/am® (oxosio 10 %
or N ). HUTpUTHBIA a30T B BOJE PEK JIMGO OTCYTCTBO-
BaJI, INOO PErrCTPUPOBAJICA B CJIENOBBIX KOJIMUECTBaxX
(rmxe 1 mMixr/ome).

B cpaBHeHuu c¢ ganHbeiMu 1950-x rr. (BoTuHIes
U Jip., 1965) KOHILleHTpauryu HUTPATHOT'O a30Ta B BoAax
IIPUTOKOB I0I0-BOCTOYHOT'0O II0OepeXbs B COBPEeMEeHHBIN
nepuof yseanuuianch Ha 40-60 %. ComepxaHue ¢oc-
datHOro pocdopa npakTUueCcKu He U3MEHUJIOCH.

3.3. Copep)xaHue COeAHHEeHHH a30Ta u
docdopa B BoAe NPUTOKOB IOro-3anapHoro
no6epexba o3epa baukan

B pyupsax bos. u Maj. YepeMiiaHka B NEPUOL C
2019 no 2023 rT. B yCThEBBIX yUyacTKaX KOHI[eHTpalnus
Poﬁm OBLIN BBIIIE, YeM B BepxHeM TeueHuu (Puc. 4). lna
p- KpecroBka u pyu. Kamenyiika cutyanus obpaTHas:
cofepxaHue P . B OT[ieJIbHbIE TOJbI BbIllle B BEPXHEM
tedeHuu (2020 u 2023 rr. gns p. Kpecroska, 2021 u
2023 rr. ana py4. Kamenymika).

[To pesysjbraraM Hallero HCCJIeJOBAHUA, KOH-
neHtpauuu P B ycTbe p. KpecToBKa M3MEHANNCh OT
3 mo 190 mkr/mMm® co cpegHUM 3HavueHuUeM 19 MKr/
IM°, BBIIIE rocesika — oT 3 10 74 MKr/am® co cpeqHuM
3HayeHueMm 18 mkr/mm® (Tabswmma 6). Ilo smTepartyp-
HBIM JaHHBIM, cOojJiepKaHue B BoAe KpecToBkY JaHHOIO
koMnoHeHTa B 2008-2011 rr. 6p110 B pefesnax 10-360
Mkr/ame. C ssHBaps mo aeryct 2012 r, cpeHee cofep-
xkaHue obmero ¢ocdopa cocraysino 37 MKr/am® c
Makcumymom 90 Mkr/am® (3aropysibko u Ap., 2014).

[To mammM pAaHHBIM, MeEXTrojoBas AUHAMUKAa
cofepxxanus P, B MPUTOKAax Iro-3anafHoro mnotepe-
Xbsl o3epa balikasm AeMOHCTpUpYeT IpsAMYI0 3aBHUCH-
MOCTb OT Typuctudeckoro tpaduka. B 2020 r. B Bofe
BCeX BOAOTOKOB IIOC. JIMCTBAHKA NPOU3OLLIO 3HAYU-
TeJIbHOe yMeHbllleHue coAepkaHus obuiero ¢gocdopa,
4TO, BEPOATHE! BCero, ObIJIO CBA3aHO C OrpaHUYUTEJIb-
HBIMM MepaMM IO IOCEL[eHUI0 TYpPUCTUYECKUX MeCT
B cBaA3u c 3abosneBaemocTbio COVID-19. CHuxeHue
KOHI[eHTparmu P BO BCeX BOJOTOKAX B 3TOT MEPHOJ
no cpaBHeHuio ¢ 2019 r. mpousonuio B 2 pasa (Puc.
4). Ilo mauueM (T'oc. Hokiag..., 2023), B 2019 r.
UpkyTckyo obnacte mnocetusio 1728 Teic. TypHCTOB,
B 2020 r. - Bcero 938 Thic. B 2021 r. mocisie cHATUA
OrpaHUYUTEJIBHBIX MEp CpeAHEeroqoBas KOHLEHTpauus
obmero ¢ochopa B BOOOTOKAX yBeJIMUWIACh BMeCTe C

Ta6sauna 4. Ce3oHHas AMHAMUKA COAEPXXaHMUA pasHbIX GopM ¢ocdopa B BoJe NPUTOKOB H0r0-BOCTOYHOTO MOOEPEXbs 03.

Batikai, 2019-2023 rr.

Pexu 3uma Becna Jleto Ocenn
e TeTe o [e o [ v [e e | e Je Te |
Mkr/am® | % orP . [ mkr/am®| %orP . | mkr/am®| %orP . | Mkr/am®| %orP . |
YTyauk 1-10 18 82 4-9 3 97 3-11 22 78 1-5 31 69
CozaH 1-11 11 89 2-6 42 58 3-8 37 63 1-5 23 77
Xapa-MypuH 3-13 25 75 4-9 16 84 3-10 19 81 1-4 20 80
CHexHast 2-10 30 70 2-12 9 91 6-23 9 91 1-3 26 74
IlepeemHasn 3-12 21 79 3-5 25 75 3-9 30 70 2-6 28 72
Mummnxa 6-13 42 58 3-9 20 80 3-11 35 65 4-6 13 87
Cenenra® 36-52 26-198 52-112 21-43
41 84 79 31

IIpumeuanme: *- COpOKOBUKOBA U Ap., 2018, B unciuTese- paaMax KOHIleHTpaluull, B 3HaMeHaTeJle CpeIHsA
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Ta6suna 5. Ce3oHHasA AUHAMHUKa cofepkaHus pa3HBIX GOpPM a3oTa B BOJle NMPUTOKOB IOI0-BOCTOYHOTO NoGepexbs 03.
baiikas, 2019-2023 rr.

Pexu 3uma Becna Jleto Ocenb
Neow [N | N Now |N | N Now |N | N New |N | N
Mr/ %OorN .. AT %OorN .. Mr/ I %orN_ ST %orN, . |
YTynuk 0,44-0,51 | 91 9 [0,42-0,44| 53 | 47 |0,39-0,50( 71 29 10,39-0,50( 82 18
Cosizan 0,37-0,45 | 92 8 [0,37-0,50| 80 | 20 |0,31-0,40( 60 | 40 |0,31-0,37| 67 33
Xapa-Mypun |0,26-0,53( 79 | 21 |0,25-0,37| 56 | 44 |0,20-0,31( 57 | 43 |0,19-0,24| 78 | 22
Cuexnas |0,29-0,37 | 88 12 10,26-0,43| 57 | 43 |0,27-0,43| 48 | 52 |0,19-0,23| 81 19
Ilepeemuas |0,20-0,31| 87 13 10,24-0,37| 73 | 27 (0,14-0,47| 52 | 48 |0,15-0,39| 56 | 44
Mummxa | 0,19-0,22 | 84 16 ]0,23-0,25| 52 | 48 [0,12-0,31| 40 | 60 |0,18-0,34| 47 | 53

pocToM TypucTtuieckoro noroka (1240,7 Tvic.) B mOC.
JIncTBsHKAa.

B Bome mpuTOKOB IOro-zanagHoro mnobepe-
Kb KOHIeHTpanuu P -~ Bbine B 3-17 pas, yeM Ha
I0r0-BOCTOYHOM IoOepexbe o3epa. [{jiA cpaBHeHWUH,
cojiepXaHue JaHHOTO KOMIIOHeHTa B BoAe p. CesjeHru
(ocHoBHOro mpurtoka o3epa) B nepuon 2010-2016
n3MeHssI0ch oT 31 MKr/ame oceHbio 1o 84 MKr/oM® Bec-
HOH, IIpU cpeJHeMHOroJjIeTHeM 3HaueHuHu 59 MKr/am?
(Tabsmria 4). OTH KOHIIEHTPAIMU COMTOCTaBUMEBI C TaKO-
BBIMU B pyubsx noc. Jlucreanka (Tabsuna 6). B Bone
p. KpecTtoBka cpefHerofioBble KOHLIEHTpaluy OBLINA B
3 pasa.

JluHaMuKa copaepxaHUA oOIlero asora B Bofe
IIPUTOKOB noc. JINCTBAHKA IpeAcTaBjieHa Ha PucyHke
5. OTMeYeHO CHIKeHHe KOHIIeHTpalliil B BOJie BOJOTO-
KOB I0 cpaBHeHUIo ¢ 2019 r., YToO MOXeT OBITh CBA3aHO
CO CHMXXeHHEM TypHCTUYecKON akTuBHocTU. B 2021 1.
NPOJIOJDKIIIOCH CHIDKEHHE cofepxaHusa N o B pyubsx
Bon. u M. Yepemmanka. Kak u fiyis obiiero ¢gocdopa,
B OCHOBHOM Ha0JIf0fiaeTcsi pocT cofepxkanus N ; BHU3
110 TeYeHUIo peku. B pyubsax bos. u M. Uepemiianka ot

KpectoBka

mir Plyne
e R S TN O T W R P R
R BV = L B =R V]

.

=]

2019 2020 2021 2022

KameHymka

wir Phyw®
e e e
=] o] =] e (=33
(=] (=] [ L] =]

=)
=

2019 2020 2022 2023

v P’

pxcr Pl

BEPXHEro TeYeHHs K yCTbIo cofiepxaHue N A —Bo3spac-
Taet oT 5 7o 10 pas, a B Boge p. KpecTtoBka ero KoHIieH-
TpaLysA 0 TeYeHUI0 PeKU U3MeHAeTCs He3HAaUUTeJIbHO,
K yCTbIO Bo3pacTtaeT B 1,5 pasa, pyuy. Kamenymka B 2
pasa, Ho He BO Bce roapl. Ilo pesyspTatam uccjiefosa-
HUA IOA3eMHBIX BOA B 110C. JINCTBAHKA TaKKe BEIABJIEHO
CHIDKeHHe KOHIIeHTpallil HUTPATHOTO a3oTa B BoJe 3a
nepuon 2018-2021 rr. ABTOpHI CBA3BIBAIOT 3TO KakK C
POCTOM KOJIM4YecTBa aTMOC(hEpHBIX 0CaJAKOB B perioHe,
YTO NPUBEJIO K IMOBBHIIIEHHOMY IHUTAaHHUI0 I'PYHTOBOTO
BOJOHOCHOI'O T'OPU30HTA U NOJHATHUIO 3epKaJia TPyHTO-
BHIX BOJ, TaK M C yCTpaHEHHEM TEeXHOTeHHBIX HCTOY-
HUKOB 3arpsA3HeHNA I'PYHTOBBIX BoA (AJjlekceeBa U Ap.,
2023A).

[To TeyeHuio pyubeB HaOJIOgaeTcss He TOJIBKO
yBeJINueHNe KOHILeHTpanuu obuero gocdopa 1 a3ora,
HO U u3MeHeHHe GopMbl ux HaxoxaeHus (Tabiauna 6)
Tak BO Bcex pyubsAX K yCTBIO BO3pacTaeT O0JII MUHe-
panbHBIX dopm Pocdhopa u aszota. B Boge BOOOTOKOB
M. u Bon. Yepemmanka N npeqcraeieH Ha 91% u
98% HUTpaTHBIM a30TOM, COOTBETCTBEHHO. [lid BOJX
p. KpecToBka Ha OJII0 HUTPAaTHOTO a30Ta IPUXOAUTCA

Bou. Uepemmanka
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Puc.4. MexronoBas AVHaMUKa cojepxaHus obujero ¢ocdopa B BoJe MPUTOKOB Ioro-3amnaaHoro nobepexns o3. baiikai,

2019-2023 rr.
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Ta6suna 6. Copepxxanue pasHbix dopm docdopa U a3oTa B BoJe NMPUTOKOB I0ro-3amnagHoro nobepexss o3. Barikain, 2019-
2023 rr. B uncsnuTesie - paaMax KOHI[eHTpalull, B 3HaMeHaTeJle cpe/iHee cojiepXkaHue 3a Iepuoy HabJiojeHus

Boagoroku Juana3zoH % oT PoGm Junana3zoH % oT Noﬁm
KOHI[EHTPaIHE KOHI[eHTPaui
Poﬁm’ MKT / AM3 Pwmn Popr Noﬁm’ Ml"/ 'T"Ms anm Nopr
Bous. YepemiiaHka, BbIllIe 1-62 37 63 0,12-2,57 59 41
noceJjika 15 0,74
Bbos. YepemiuaHka, ycTbe 5-221 71 29 0,5-28 78 22
52 3,15
M. YepemiuaHka, BBILIE [TO0CEJIKA 3-140 41 59 0,12-2,56 28 72
31 0,66
M. YepemiiaHka, yCcTbe 5-400 66 44 0,23-14 70 30
71 2,87
KpecrtoBka, Bhille nIocesika 3-74 40 60 0,05-3 31 69
18 0,40
KpectoBka, ycTbe 3-190 39 61 0,15-4 45 55
19 0,60
Kameny1ka, Bullle roceyka 11-190 60 40 0,19-5,57 55 45
38 0,72
Kamenyuika, ycTbe 16-235 71 29 0,18-4.68 65 35
70 1,20

79%, aMMOHUIHOTO - 20% OT o61Iero cogepxanuaN
asia Boa p. Kamenymika - 75 u 24 %, cOOTBETCTBEHHO.

B BoAe IpPUTOKOB I0ro-3anagHOro NoOepexbA
KoHIleHTparmu N Bbillle B 2-10 pas, 4eM Ha 10ro-Boc-
TOYHOM II00epexbe o3epa.

OmnpepesieHre o0uiero asora B BoAe IIPUTOKOB
Ioro-zanagHoro nobdepexbsa o3. balikan paHee He Ipo-
BOJMJIOCH, II03TOMY CpPaBHUBAaeTCA COAepXaHue HUTpa-
TOB, KaK COCTAaBJIAIOLIEr0 KOMIIOHEHTa MUHEpPaIbHOI'o
asora. [{ia p. KpecroBka B 1950-1955 roasl cogepxa-
HUe a30Ta HUTpaTHoro musMeHsiocsk ot 0 go 0,14 mr/
ave npu cpegHeM 3HaveHuwn 0,05 mr/am® (BoTuHIEB
u ap., 1965). B 2007-2012 rr. KOHLEHTpaUuu [OaH-
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HOro KOMIIOHeHTa Obliu Bhimie, 0,02 — 0,23 mr/am?, B
cpeqHeM coctaeysia 0,08 mr/nm® (3aropyJibko u 1p.,
2014). B 2019-2023 rr. pa3max kojiebaHUil COCTaBUJI
0,02-1,01 mr/mm3. CpenHee 3HaYeHHE KOHIEHTPALUI
HUTPATOB ObLIIO B 5 1 3 pa3a COOTBETCTBEHHO BBHIIIIE,
yeM 70 u 10 ner Hazaa. g pyd. bosa. Yepemmanka
B 1950-1955 roasl cofiepxxaHue HUTPAToB Kojebayioch
B nuanaszoHe 0,02-0,81 mr/mm°, cpenHee 3HaveHHe
coctaBwio 0,33 mr/am°. B 2019-2023 rr. KOHI[eHTpa-
I[Usl paccMaTpHBaeMoro KOMIIOHEHTa BapbUpoBaja OT
0,18 mo 5,4 mr/am®. CpenHee 3HavueHHe OBUIO B 6 pa3
BHIIIEe, yeM B 1950-e rofsl.
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Puc.5. Mexronosas AuHaMuKa cofiepkaHus o0Ilero a3oTa B Bofle IPUTOKOB Ioro-3anagHoro nobepexss o3. Barikan, 2019-

2023 rr.
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4. 3aknioueHue

Takum oOpa3oM, KOMILJIEKCHas OlleHKa COCTOsA-
HUA BO3IYIIHOM U BOJHOU cpefsl B 6acceiine HOxHOro
Batikasa, ocHoBaHHAas Ha MHOI'OJIETHEM HCCJIeJOBaHUN
PEeUHBIX U CHEerOBBIX BOJ], IO3BOJIMJIA c/iesIaTh 3aKJIoye-
HUe 0 ¢pakTopax GOpMUPOBAHUA XUMUYECKOTO COCTaBa
BOJI IPUTOKOB 03. balikaj Ha 10ro-3anaJjHoM U 10ro-BocC-
TOYHOM IT06epexXbsX, BBIABUTD IPUYNHBIL, BJIUAION[ME Ha
[IPOCTPAHCTBEHHYIO0 U BpPeMeHHYI0 AUHAMUKY KOHIIeH-
Tparuii obmero gpocdopa 1 a30Ta B CHETOBBIX U PEUHBIX
BOJIaX, KOJIMYECTBEHHO OLIEHWUTb YPOBHU HaKOILJIEHUA
N u P B cHE)XHOM IOKPOBE U3y4aeMbIX TEPPUTOPUII.

B cpaBHeHHHU C I0T0-BOCTOYHBIM IOOepexbeM
comepxanve N =~ Ha [oro-samafHoM moGepexbe
Batikana B 1,6 pa3 Bhillle, YTO CBSA3aHO C OoOJIbIIE
AHTPONOTeHHON HArpy3KOoi Ha BO3JYyIIHYI0 Cpedy B
nocesike JlucrBsaHka. CpeJHEMHOTr0JIeTHAA KOHIIEHTpa-
uus P B CHEXHOM IIOKPOBe I0ro-3amaJHoro rnotepe-
XbA B 2,3 pasa Bblllle, YeM Ha I0ro-BOCTOYHOM Iobepe-
xbe. C 1980-x rozoB nocrynienue N ;13 aTMocdepsl
Ha akBaTopuio balikaja yBesnuusoch B cpefjHeM B 1,5
p, nocrynienue P 3HaUYMTEIBHO HE NU3MEHUIIOCH.

Ha 1oro-soctouHoM mnobGepexbe o3epa B BoAax
IIPUTOKOB, BCJIEACTBHE KX 0OJIbIIEr0 BOJHOIO CTOKA
U MeHblIell aHTPOMOTeHHOU Harpy3ku Ha HX BOJIOC-
OopHBIIT OacceiiH, onpefesieHbl HU3KYe KOHILIEHTpauuu
obmero ¢ocdhopa u aszora. MsmeHeHue copepX aHUA
B pasHble roAsl 00yCJIOBJIE€HO B OCHOBHOM KJIMMAaTH-
YeCcKUMHU H3MEHEeHUsMH PpervoHaJIbHOTO XapakTepa.
Ce3oHHas [UHaAMMKa KOHLeHTpalnui azora u ¢ocdopa
JUI1 9TUX peK B OCHOBHOM CBs3aHa C eCTeCTBEeHHBIMU
rpolieccaMy, IPOUCXOAALIMMU B BOJOEMax.

Ha roro-3anaguHom no6epexse Ha GopMupoBaHUe
XMMHUYECKOI'0 COCTaBa BOA IIPUTOKOB 03epa 1 CHEXXHOI'0
IIOKpoBa OoJIbllloe BJIMAHNE OKa3blBaeT aHTPOIOIeH-
HbI ¢akrop. Cofepxanue obmero ¢gocdopa u as3ora
B BOJle BHM3 II0 TeYeHHUI0 PeK Ha TeppUTOpUM IIOC.
JlucTBsiHKa yBeJMYMBAeTCsA, B CHEXHOM IIOKpOBe Ha
YCTbeBBIX yYacTKax IIPOUCXOAUT BO3pacTaHUe KOHIIeH-
Tpauuii B 2-4 pasa.

W3 Bcex npoaHan3lpOBAHHBIX BOOOTOKOB B IIOC.
JlucTBsiHKa MeHee BCero aHTPONOTreHHOMY BJIMAHUIO
nojiBepxxeHa p. KpecToBka, umermomas HaUOOJIbLINI
BOJHBIA CTOK, YTO CIIOCOOCTBYET CHUXXEHUIO KOHIIEH-
Tpauui 3arpA3HAINMX BellleCTB B BoJe BCJIeCTBUE UX
pa3baBiieHus.

[To mexromoBoll AuHaMuKe cojepxaHus Qoc-
dopa u azora B BOJOTOKAxX Ioc. JINCTBAHKA YCTaHOB-
JIeH TpAMON OTKJIUK TYPHUCTUYECKOU Harpy3kd Ha
XUMHYECKUN COCTaB BOJ 3TOro patioHa. [Ipu orpanuye-
HUAX NOceleHUs TyprucTamu noc. JINCTBAHKA BO BpeMs
nanfgemuu B 2020-2021 rr. comepxaHue obuero doc-
dopa u asora B pekax U CHEXKHOM [TIOKPOBe CHU3UJIOCh.

[Ipu cpaBHeHUN OTHOCHUTEJIBHOI'O COCTaBa ped-
HBIX BoZ ABYX noGepexuii F0xHoro balikana oTMe4eHo
npeobJiajaHrie MUHepaJbHBIX popm azoTa u ¢gocdopa
B YCTbEBBIX y4yacTKaxX peK I0ro-zanafgHOro mnobepexbs,
YTO MOXHO CUMTaTh IOKa3aTeJsieM BJIMAHUSA yejioBeue-
CKOH AeATeJIbHOCTU Ha Ipoliecchl GOpMHUPOBaHUA BOJ.
B peuHbIX Bofjax 10ro-BOCTOYHOIO nobepexps npeobsia-
naot opraHudeckue GpopMsl pocdopa, 4TO MOXKET OBITh
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NOKa3aTeJIeM eCTECTBEHHBIX IPOLIECCOB Ha BoaocGope
pex.

B BoJjax M3yvyaeMbIX MPUTOKOB MPOU3OIILIO yBe-
JInYeHUe KOHIIEHTpAIMil HUTPATHOTO a30Ta B COBpe-
MEeHHBI! IeEpUO/. YBEJIMYNIIOCh OCTYIUIEHHE U3 aTMOC-
depnI ob1Iero azora Ha akBaTopuio o3epa Baiikas.
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