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ABSTRACT. The water quality of Lake Baikal and its tributaries, influenced by seven different local
pollution sources, was assessed in the areas of wastewater discharge from wastewater treatment plants
(WWTPs) of the towns of Slyudyanka, Baikalsk, and Severobaikalsk, as well as domestic wastewater
discharge from tourist resorts and Maksimikha settlement, runoff of hot springs from thermal baths in
Zmeinaya Bay, Baikal seal rookeries, and the tourist center on Tonky Island of the Ushkanyi Islands
archipelago in September 2022. The waters of the lake and the Rivers Pokhabikha, Maksimikha, and
Tyya using microbiological and hydrochemical analysis methods are assessed as clean II class qual-
ity (GOST 17.1.3.07-82), except for the coastal water zone opposite the mouth of the Pokhabikha
River, where the water is defined as moderately polluted. The unequal distribution of the values of the
self-purification coefficient indicates a high abundance of microflora of allochthonous origin and a low
activity of autochthonous microorganisms involved in self-purification processes in the studied areas
of the lake. It was found that wastewater discharged by treatment facilities; water at the mouth and
surface water of the Baikal in the estuary of the Pohabikha River, water in thermal baths of hot springs
in Zmeinaya Bay do not meet the requirements of SanPiN 1.2.3685-21 for the maximum permissible
amount of generalized coliform bacteria, Escherichia coli and Enterococcus. At all control stations in the
pelagic zone of Lake Baikal, remote from the studied local polluted sites, water quality indicators did
not exceed the safety water standards for surface water bodies in terms of microbiological and hydro-
chemical parameters.
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1. Introduction on the Lake Baikal shore (Drucker et al., 2023).
) ) In recent years, regular microbiological studies
The waters of Lake Balkal are the object 0th and I have repeatedly revealed higher levels of sanitary-bac-
categories of water use (SanPiN 2.1.3684-21), i.e., they teriological parameters in Lake Baikal and its tributaries
are used as a source of drinking, household water, and (Shtykova et al., 2016; Podlesnaya et al., 2022; Suslova
water supply for food industry enterprisesf as well as et al., 2022; Malnik et al., 2019; 2022). The presented
for recreational purposes. However, negative changes data of sanitary-bacteriological assessment of water
are known to occur in localized areas of the littoral quality cover in detail the coastal water zone of South
zone of .the lak.e, such as mass growth of ﬁlamentgus and Middle Baikal (Malnik et al., 2019; Zemskaya et al.,
?lgae (Timoshkin et a}., 2014; 2016), sponge mqrtahty, 2019), river mouths in the areas of local anthropogenic
increased concentrations of phosphates and nitrates, influence and pelagic stations of standard hydrological
and organotrophic bacteria, including E. coli groups transects of the lake water area (Shtykova et al., 2019;
(Zemskaya et al., 2019). The reasons for the decrease Suslova et al., 2019; Drucker et al., 2023). The study
in the quality of the coastal Baikal waters are increas- of the possible continuous supply of sanitary-indicative

ing recreational impact and the discharge of untreated bacteria and the preservation of their viability in Lake
wastewater from the WWTPs of the settlements located
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Baikal, in combination with the determination of other
groups of organotrophic microorganisms, is important
for assessing the quality of the Baikal water (Elovskaya
et al., 2022).

The aim of the work is to determine the num-
ber and distribution of microorganisms, including sani-
tary-indicative ones, and to assess the state of the Lake
Baikal self-purification processes in the areas of influ-
ence of local pollution sources. In our work, we investi-
gated from 6 to 13 points in each area connected with
local pollution, including waste water discharge sites,
river areas before and after waste water discharge,
river mouths, the littoral zone at different distances
from the shore, and the pelagic zone. This sampling
scheme enabled to estimate the total number of micro-
organisms, cultured organotrophic psychrophilic and
mesophilic bacteria, as well as to determine the sani-
tary-indicative bacteria and their distribution from the
local pollution sites towards Lake Baikal.

2. Materials and methods

Study areas and sampling. On September 5-15,
2022, during the complex Circum-Baikal expedition
we explored seven areas of the influence of anthro-
pogenic and natural pollution sources on Lake Baikal:
Slyudyanka town (Pokhabikha River, effluent from the
WWTP); Baikalsk town (BPPM aerator pond, effluent
from the WWTP); Maksimikha settlement (Barguzinsky
Bay, tourist resorts), Tonky Island (Nerpa Centre), Tonky
Island (seal rookery), Zmeinaya Bay (Chivyrkuisky Bay,
hot springs), Severobaikalsk town (Tyya River, waste
water from the WWTP) (Fig. 1). Sampling of effluent,
river, and surface waters of the littoral zone at 2 m and
50 m from the shore, as well as of background areas of
the lake pelagic zone at a distance of 3 km and more
from pollution sources, was carried out according to
the regulatory documents (GOST 31942-2012, MUK
ECSD F 12.15.1-08, GOST 31861-2012). Water samples
were collected from the surface water layer (0.5 m) in
a pre-sterilized 1.5 L bottle from a boat in rivers, estu-
aries, and littoral zones of estuaries. Samples were also
collected from the pelagic zone at depths of 0, 5, 10,
15, 20, and 25 m (integral sample 0-25 m) using the
SBE32 Carousel Water Sampler from aboard the R/V
“G.Y. Vereshchagin” (Table 1).

The total microbial abundance (TMA) was quan-
tified by direct counting of preparations stained with
DAPI (4.6-diamidino-2-phenylindole) (Porter and Feig,
1980) using an epifluorescence microscope (Axiovert
200 Zeiss, Germany).

Organotrophic bacteria were determined under
different culturing conditions. Fish-peptone agar
diluted 10-fold (FPA/10) was used to determine the
abundance of autochthonous microflora native to a spe-
cific water body. The cultures were incubated at 22°C
for 72 h (TMC, 22°C) (Gorbenko, 1961). The abundance
of allochthonous microflora introduced into the water
body as a result of anthropogenic pollution was deter-
mined on meat-peptone agar (MPA) after incubation at
37 = 1°C for 24 h (TMC, 37°C). The self-cleaning coef-
ficient (SC) was calculated as the ratio of the values of
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the TMC index determined at temperatures of 22 °C and
37°C. The R2A medium was used for the cultivation of
psychrophilic microorganisms (PM) at a temperature of
10 °C for 10 days.

Sanitary-microbiological parameters were deter-
mined according to SanPiN 1.2.3685-21. The total
(generalized) coliform bacteria (TCB) and E. coli were
determined using the membrane filtration method on
Endo differential diagnostic medium. Similarly, the
Enterococcus genus bacteria (EC) were identified on
Enterococcus agar with azide medium. The analysis
results were made according to GOST 24849-2014.

The physico-chemical parameters of water: pH,
temperature (T), electrical conductivity (EC), concen-
trations of 0, SO 42" PO,*, NH,*, NO,, NO, were mea-
sured by standard methods according to Wetzel and
Likens (2000), Manual for the chemical analysis of ter-
restrial surface water (2009) in an accredited labora-
tory for hydrochemistry and atmospheric chemistry, as
described earlier (Malnik et al., 2019).

3. Results and discussion
3.1. Physico-chemical characterization of
water in the study areas

In all study areas, water samples were collected
in sunny, windless weather at air temperatures ranging
from 10°C to 25°C. Water surface temperatures ranged
from 6.4-10.1°C in the Pokhabikha, Maksimikha, and
Tyya Rivers. In the direction from the river mouths from
the coast to the background stations in the pelagic zone,
the Baikal surface water was warmed up to 13.6 +4.5°C
on average, except for the area opposite the mouth of the
Pokhabikha River (6.5 - 7.5°C) and in the coastal water
to the right from the mouth of the Tyya River (7.7°C).
T of effluents sampled from WWTPs in Slyudyanka,
Baikalsk, and Severobaikalsk towns was higher (14.2-
19.8°C), while 42.8°C (Zm-1) and 39.3°C (Zm-1) were
recorded in hot springs of Zmeinaya Bay (Zm-2). The
pH values in all river and Baikal samples were found
to vary within the slightly alkaline range from 7.63 to
8.67. In contrast, the samples from hot springs demon-
strated alkaline values (9.6), while effluents from the
wastewater treatment plant in Severobaikalsk town
showed a slightly acidic medium (5.24). The maximum
values of electrical conductivity (EC) were determined
in effluents and hot springs (up to 864 uS/cm). In the
water of the Pokhabikha and Maksimikha Rivers, the
EC values (240 pS/cm and 156 uS/cm) were higher
than the average in the Baikal water (127 puS/cm) and
vice versa in the Tyya River water (98 uS/cm) less than
in the Baikal water. Dissolved oxygen (O2) concentra-
tions in the river and lake water varied within a narrow
range of 8.9-12.6 mg/dm3 (Table 1).

Contents of SO,>, PO,*, NO,, NO,> and NH,*
in the effluents discharged by centralized and local
water disposal systems of settlements or urban districts
within the central ecological zone, as well as directly
into Lake Baikal, are regulated in accordance with the
order of the Ministry of Natural Resources of Russia
from February 21, 2020 No. 83 and are classified as
“moderately hazardous” harmful substances. The efflu-
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ents from Slyudyanka discharged into the Pokhabikha
River exceeded the permissible limits of PO,*> (phos-
phorus) by 13 times and NH** by 90 times. In effluents
from Severobaikalsk discharged into the Tyya River,
the content of PO,*> (phosphorus) exceeded the per-
missible standards by 19.7 times, NO, by 17.4 times,
and NH,* by 7.3 times. The effluents from Baikalsk,
taken from the aeration pond and discharged directly
into Lake Baikal after settling in it, also contained high
concentrations of harmful substances. The content of
PO *(phosphorus) exceeded the permissible standards
by 23 times, SO, by 3 times, NO, by 42.5 times, NO,
by 150 times, and NH,* by 45 times.

The concentrations of chemical compounds in
the rivers and estuaries were higher than in the water
of the lakes. The most significant difference was in the
content of SO,*, PO,*, and NO,, which varied in the
river water 6.8-11 mg/dm?, 0.011-0.085 mg/dm?, and
1.24-1.7 mg/dm?, respectively, and in the lake water
5.6-8.1 mg/dm?, 0.003-0.020 mg/dm?, and 0.1-1.4 mg/
dm?, respectively. At the same time, in the lake water,
the highest concentrations of nutrients were in sam-
ples taken at the river mouths, coastal water (2 m from
the shore) opposite the river mouths and hot springs.
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The highest concentrations of NH,* and NO, were
in the river (0.046 mg/dm?®and 0.011 mg/dm?®) and
at the mouth of the Pokhabikha River (0.93 mg/dm?
and 0.029 mg/dm?), in the remaining samples did not
exceed 0.013 mg/dm?®and 0.008 mg/dm?, respectively
(Table 1). The elevated concentrations of nutrients at
the mouth of the Pokhabikha River (1-Riv) and the estu-
arine water zone (1-1CW) may indicate the influence of
insufficiently treated effluents on water chemistry.

3.2. Distribution of microbial abundance
and sanitary-microbiological parameters

The microbiological study of seven districts
(Fig., Sites 1-7) with different anthropogenic loads
on the Baikal littoral zone revealed a high bacterial
abundance and significant excess of sanitary-micro-
biological parameters in water samples taken directly
from pollution sources. These were the effluents dis-
charged by the WWTP from Slyudyanka town into the
Pokhabikha River and from Severobaikalsk town into
the Tyya River, water in the aerator ponds of Baikalsk
town, water in the hot mineral springs of Zmeinaya Bay
in Chivyrkuisky Bay (Table 2).

3-3k
= Maksimikha

4
Baikalsk

owWW

1Riv-A0

3-Rivup
0 300 m

Site 3

2-PAout

eters that exceed the norm.

Site 1
Fig. A map-scheme of the sampling sites in the rivers, estuaries, littoral and pelagic zones of Lake Baikal. The black paint
represents values of sanitary-microbiological parameters that do not exceed the norm. The red paint represents values of param-
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Table 2. Abundance of bacteria and sanitary-microbiological indicators in surface water samples in September 2022

TMA X 106 PM TMC 22 | TMC 37 TCB EC E. coli
Station ceu;/(mL C C scc
CFU/cm3 CFU/100 cm3
1Riv100WW 3.2 680 324 52 6.23 268 100 0
1WW 27.6 HO 2208 29024 - 3500 84200 3500
1Riv 1.1 2908 1992 5848 0.34 1350 1650 1350
1-1CW 1.0 2856 1360 790 1.72 976 332 976
1-50 2.1 586 368 6 61.33 83 39 0
1-3k 1.4 25 32 0 32 9 0 0
2PAin 3.7 HAO 1146 1400 - 12500 300 0
2PAout 6.3 HI 1258 1070 - 7300 200 0
2-1CW 0.4 103 76 4 19 192 0 0
2T 1.5 18 8 0 8 110 0 0
2-50 1.8 8 13 0 13 65 0 0
2-3k 0.6 5 8 0 8 17 0 0
3-Rivup HO HO 1448 58 24.96 64 52 64
3-Riv 0.5 HI 98 2 49 140 0 0
3-1CWRiv 0.6 800 1112 43 25.86 34 0 34
3-50 Riv 0.6 166 808 60 13.46 21 1 0
3-3k 1.0 867 1408 4 352 13 0 0
3-12k 0.7 580 302 114 2.64 78 5 0
4-1CW 0.7 64 55 7 7.85 39 2 0
4-50 CWL HII HII 13 7 1.85 100 0 0
4-50 0.7 15 15 5 3 78 0 78
4-50L HIT HIT 5 0 5 108 0 0
4-3k 0.8 7 32 3 10.66 40 0 0
5-1CW 0.6 47 152 21 7.23 86 0 0
5-50 0.6 109 262 118 2.22 12 6 0
5-3k 1.8 42 156 66 2.36 4 0 0
Zml 0.8 HO 302 127 - 1860 0 1860
Zm2 0.3 HI 2032 114 - 5240 60 5240
6-1CW 1.3 548 792 507 1.56 7 68 7
6-50 0.7 109 248 122 2.03 6 6 6
6-3k 3.0 181 608 240 2.53 17 0 0
6-16.4k 2.4 22 107 38 2.81 1 0 0
7-Riv130LA 0.1 HO 52 7 7.42 24 5 24
7-Riv100RA 0.2 HO 13 2 6.5 37 1 0
7-WW 5.6 HO 51 154 - 4700 0 0
7-Riv 0.3 HO 42 5 8.4 120 0 0
7-260 CWL 0.7 78 456 31 14.70 0 7 0
7-540 CWR 0.4 247 200 7 28.57 0 35 0
7-200 3.6 9 70 1 70 106 2 0
7-6.5kCWL HI HI 98 5 19.6 436 0
7-3k 1.5 22 92 30 3.06 0 0 0
7-NepCW 1.3 164 285 54 5.27 20 128 0

Note: values that exceed the standards SanPiN 1.2.3685-21 are highlighted, TBA - total bacterial abundance, PM - psychrophilic
microorganisms, TMC - total microbial count, EC — Enterococcus, TCB - total (generalized) coliform bacteria, SCC - self-cleaning
coefficient, dash — no data available.
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Site 1. TMA (3.2 x 106 cells/mL) was the highest,
above the discharge of treated effluents (1-Riv1I00WW)
into the Pokhabikha River among all samples from the
Slyudyanka area, and the TMA/TMC 22°C ratio was
more than 103, which classifies water according to
GOST 17.1.3.07-82 as Class II clean water. The TMA/
TMC 22°C ratio usually serves to assess the sanitary
condition of water bodies and characterizes the tro-
phic status of the biocoenosis. The value of this ratio in
waters rich in labile organic matter is 10°~10? in mod-
erately polluted waters of class III and less than 10? in
polluted waters of class IV, V, and VI, whereas in clean
water bodies and watercourses of class II it is more than
103 (GOST 17.1.3.07-82). In this case, the self-cleans-
ing coefficient (SC) at the station 1-RivI00WW was
6.23, which corresponds to a completed self-cleans-
ing process with a SC equal to or greater than 4 (MUK
4.2.1884-04). The ratio of quantitative indicators
reflecting the total content of mesophilic aerobic and
facultative anaerobic microorganisms in 1 ml of tested
water (TMC, determined at temperatures of 22 °C and
37 °C, is expressed in the SC, with the help of which it
is possible to evaluate the activity and state of self-pu-
rification processes of natural water bodies (MUK
4.2.1884-04). In the areas of the domestic effluents
pollution, the quantitative values of both groups are
similar. The indicator provides additional information
on sanitary condition of the water bodies, sources of
pollution, and self-purification processes.

In treated effluents from the Slyudyanka WWTP,
the TMA was 27.6 X 10° cells/mL, and the TMC 22 °C
and TMC 37 °C values were the highest (2208 CFU/
cm® and 29024 CFU/cm?®) of all the samples tested.
The influence of effluents was significantly evident at
the mouth of River 1-Riv and in the Baikal estuarine
water at 2 m from the shore of 1-1CW. According to the
TMA/TCM ratio of 22°C (10?), the water here belongs
to the quality category III and is assessed as moderately
polluted. Considering the fact that the abundance of
allochthonous microflora (TCM 37°C) introduced into
the water body was high, the SC values at these stations
were low (0.34 and 1.72), indicating a high anthropo-
genic load. At the same time, when assessing all indica-
tors of microflora abundance at the stations in the litto-
ral zone at a distance of 50 m from the shore (1-50) and
control background in the pelagic zone at a distance of
3 km from the coast (1-3k), the water corresponded to
the II quality class, and the high SC indicated active
processes of self-purification in the lake.

In the area of influence of Slyudyanka town,
exceedances of sanitary-microbiological parameters
were detected in treated effluents (1-WW), at the
mouth of the Pokhabikha River (1-Riv), and in the
coastal water of the lake (1-1CW) (Table 2). The study
identified the main indicators used to assess the safety
of water bodies according to San PiN 1.2.3685-21: gen-
eralized coliform bacteria (TCB), Escherichia coli (E.
coli), and enterococci (EC). The recorded high TCB val-
ues at the stations 1-WW (3500 CFU/100 cm?®), 1-Riv
(1350 CFU/100 cm?®), and 1-1CW (976 CFU/100 cm?)
were 7, 2.7, and 1.9 times higher than the normative
values, respectively. The TCB values decreased with
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increasing distance from the treated effluent discharge
site and did not exceed standards at the stations 1-50
and 1-3k. The recently introduced indicator, effective
from 1 January 2022 (SanPin 1.2.3685-21), is the
“Generalized coliform bacteria” (TCB) indicator, which
replaces the previous indicator for total coliform bacte-
ria. The abbreviation and units of measurement remain
the same. The new indicator takes into account not only
lactose-positive Enterobacteriaceae but also other atypi-
cal lactose-negative colonies that produce fermentation
of D-glucose to acid and gas formation (Zagainova et
al., 2020). The use of this indicator is related to the fact
that with increasing anthropogenic load on water bod-
ies, warming of the microclimate, changes in human
food behavior, introduction of imported food products,
and uncontrolled use of antibiotics, some phenotypic
properties of Enterobacteriaceae, metallic shine of col-
onies, and ability to ferment lactose have started to be
lost (Trukhina et al., 2022). The determination of two
biochemical traits allows for the detection of bacteria
belonging to the Enterobacteriaceae family, thereby
ensuring that their presence is within the permissible
limits (not more than 500 CFU/100 cm?).

The indices of E. coli at the stations 1-WW, 1-Riv,
and 1-1CW were 35, 13.5, and 9.7 times higher than
the maximum permissible limits, respectively, while
they were not detected at the stations 1-50 and 1-3k.
For sanitary-microbiological control of water reser-
voirs, the indicator “Thermotolerant coliform bacteria”
is replaced by the indicator “E. coli,” which provides
better detection of fresh fecal contamination in water
reservoirs (SanPin 1.2.3685-21). This is caused by
the fact that Escherichia coli are able to grow at both
37°C and 44°C and are prevalent in human and ani-
mal feces compared to other representatives of ther-
motolerant coliforms (Zagainova et al., 2020, Trukhina
et al., 2022). The indicator of E. coli is proposed for
all types of surface water bodies and is normalized to
no more than 100 CFU/100 cm3. The Enterococci (EC)
numbers were also found to be significantly higher than
the permissible limits at the following locations: sta-
tion 1-RivlI00OWW (10-fold, 100 CFU/100 cm?3), 1-WW
(842-fold, 84200 CFU/100 cm?), 1-Riv (165-fold, 1650
CFU/100 cm?®), 1-1CW (33.2-fold, 332 CFU/100 cm?),
and 1-50 (3.9-fold, 39 CFU/100 cm?3). Although the
abundance of enterococci decreased with distance from
the discharge site, the undoubtedly very high levels of
these microorganisms indicate the presence of fresh
fecal pollution and an unfavorable epidemiological situ-
ation in the whole study area, with the exception of the
pelagic background station. Enterococci are permanent
inhabitants of human and animal intestines and are
excreted in large quantities into the external environ-
ment. Norms for surface water sources and effluents in
the places of discharge into water bodies are defined as
no more than 100 CFU/100 cm?, in recreational areas,
no more than 10 CFU/100 cm?. The typical morpho-
logical and physiological features of enterococci that
contribute to their resistance to environmental factors
and disinfectants in water treatment were previously
demonstrated in studies of representatives of this group
isolated from Lake Baikal (Kravchenko, 2009).
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Microbiological research in 2021-2023 in the area
of wastewater discharge from the Slyudyanka WWTP
showed that river water and coastal water areas are
under the influence of wastewater and surface runoff,
which is characterised by a high percentage of samples
that do not meet sanitary-bacteriological requirements
(Suslova et al., 2022; Drucker et al., 2023). Analysis of
these data indicates inefficient operation of the WWTP,
resulting in the release of insufficiently treated waste-
water into the natural watercourse and the potential
epidemiological danger of water in recreational areas.

Site 2. TCM at the littoral and pelagic stations
of the lake in the area opposite the effluents discharge
from the aeration pond, which is the final stage of the
Baikalsk WWTP, varied within 0.4-1.8 X 10° cells/mL.
The TMA/TCM ratio of 22°C was more than 10° and the
SC was more than 4, which classified the water at all
the studied stations as clean water. The treated efflu-
ents of the aeration pond exhibited high TMA values of
water in the inflow water (2-PAin) of 3.6 X 10° CFU/ml
and in the outflow (2-PAout) of 6.3 X 106 CFU/ml. The
TCM values of water at 22 °C and 37°C in the inflow and
outflow of the aeration ponds were also high, at 1146
CFU/cm?® and 1258 CFU/cm?®, respectively, and 1400
CFU/cm?® and 1040 CFU/cm3, respectively. The sani-
tary-microbiological parameters in effluents exceeded
permissible norms: TCB by 25 and 14.6 times, and EC
by 3 and 2 times, respectively. The coastal water area
opposite the aeration ponds and the pelagic background
station showed TCBs within the permissible limits, with
a decrease in abundance from 192 CFU/100 cm? at the
shore to 17 CFU/100 cm? at a distance of 100 meters.
E. coli was not found in any sample from the area. Our
study didn't find any exceedances of sanitary-micro-
biological parameters in the Baikal water, including
the station located above the effluent discharge pipe
(2-T) into the lake. However, high values of TCB and
EC indicators, determined by us in the effluents of
the pond-aerator, as well as those detected earlier in
the surface water of the coastal zone of Baikalsk town
during sanitary-bacteriological monitoring in 2010-
2023 (Drucker et al., 2023), indicate low efficiency of
effluent treatment.

Site 3. TMA at the stations of the littoral zone
of Barguzinsky Bay and the pelagic zone of the lake
opposite to the area of tourist bases near Maksimikha
settlement varied within 0.5-1.0x 106 cells/mL. The
TMA/TCM ratio of 22°C at the stations 3-Riv and 3-12k
was more than 103, which classifies the water as clean,
while at stations 3-1CWRiv. 3-50 and 3-3k, was between
103-102 and classifies the water as moderately polluted.
The self-purification coefficient at all stations is above
4, indicating a high potential for natural self-purifica-
tion. However, at the outflow from Barguzinsky Bay
(8-12k), the SC was 2.64, indicating that the self-pu-
rification process in this water area of the lake is not
yet complete. Sanitary-microbiological parameters did
not exceed the normative values at all stations studied,
except for water in the Maksimikha River sampled at
780 m above the mouth (3-Rivup), where EC values
exceeded the norm by 5.2 times (52 CFU/100 cm?).
The excessive EC indicator shows the fact of recent
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fecal pollution of the river water, which occurs proba-
bly when fecal effluents from residential houses in the
settlement or during the grazing of livestock get into
the water. As it is known, there are more than a dozen
recreation centers and guest houses along the Baikal
shore near Maksimikha settlement. At the same time,
domestic and fecal water is discharged without con-
trolled treatment into the coastal territory. According
to Drucker et al. (2023), samples of the coastal sandy
sediments were found to be contaminated with bacteria
that indicate a potential risk to public health. This con-
tamination level was sufficient to classify the samples
as epidemiologically dangerous.

Sites 4 and 5. Tonky Island is one of the smaller
islands of the Ushkanyi Islands archipelago, where the
ecological trail “To the Baikal seal rookery” is located,
and excursions are regularly organized during the
summer tourist season. To assess the anthropogenic
impact on water quality in the coastal and pelagic
zones, samples were taken from the eastern side of the
island, where the Nerpa information center is located
and where ships stop to disbark tourists (Site 4, Fig.).
To assess the impact of the Baikal seal activity on the
water quality, samples were taken from the western
side of the island where the seal rookery is located (Site
5, Fig.). The maximum TMA values (1.8 x 106 cells/mL)
were recorded at the station 5-3k, with the remaining
samples ranging from 0.6 X 10° ¢/ml to 0.8 X 10° cells/
mL. The TMA/TCM ratio in all studied samples was
more than 103 and evaluated the water as clean (qual-
ity class I-II). However, at several stations it was found
that the numerical values of 22°C TMC and 37°C TMC
were similar and consequently had low SC values: 4-50
CWL - 1.85, 4-50 - 3, 5-50-2.22, 5-3k-2.36. The pres-
ence of allochthonous microorganisms in number close
to the number of microorganisms of autochthonous ori-
gin is indicative of an increased local input of intro-
duced bacteria into the water and a reduced activity
of bacteria naturally inhabiting the lake. Furthermore,
no exceedances of sanitary-indicative bacteria were
identified, which indicates that tourist activity has not
influenced the epidemiological situation in the area of
Tonky Island.

Site 6. In the coastal waters of Zmeinaya Bay
and the pelagic zone of Chivyrkuisky Bay, the high-
est TMA values were recorded at the stations 6-1CW
(1.3%x10° ¢/ml), 6-3k (3.0 x 10° cells/mL), and 6-16.4k
(2.4 x106° cellsymL), and the TMA/TMC 22°C ratio was
more than 103. The SC was below 4 (1.56 - 2.81) at
all stations studied, indicating incomplete self-purifi-
cation processes and local water pollution due to the
heavy tourist load in this part of the bay. High levels of
TCB (1860 CFU/100 cm?® and 5240 CFU/100 cm?®) were
found in places where people bathed in thermal baths
of hot springs (Zm-1 and Zm-2), which exceeded the
permissible standards by 3.72 and 10.48 times, respec-
tively. Also, E. coli was found in both thermal baths
and exceeded the normative values by 18.6 (Zm-1) and
52.4 (Zm-2) times, and EC by 6 times in Zm-2. In the
coastal water (6-1CW) opposite the hot spring (Zm-2),
an excess of enterococci of 6.8 times was observed. At
a distance of 50 m from the shore (6-50), 3 km (6-3k)
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and at the outflow of Chivyrkuisky Bay (6-16.4k), san-
itary-indicative bacteria were detected in insignificant
amounts or were absent.

Exceedances of permissible values of sanitary-mi-
crobiological parameters according to SanPiN 1.2.3685-
21 in thermal baths, runoff streams, and at the water's
edge at a distance of up to 5 meters were also detected
earlier (Suslova et al., 2022, Elovskaya et al., 2022).
Obviously, the number of bathers does not correspond
to the rate of water renewal in the baths, while the
temperature of hot spring water creates favorable con-
ditions for the development of opportunistic coliform
bacteria. Given the fact that hot springs are objects of
permanent recreational visit, it is necessary to inform
tourists about safety measures when bathing.

Site 7. TMA in the left (7-Riv130LA) and right
(7-Riv100RA) branches of the Tyya River above the
effluents discharge from the Severobaikalsk WWTP
was minimal and amounted to 0.1 X 106 cells/mL and
0.2x10° cells/mL. River water above the WWTP dis-
charge belongs to the pure I-II class of quality with
a TMA/TMC ratio at 22°C greater than 10 and a SC
above 4. In treated effluents from Severobaikalsk
(7-WW) WWTP, the TMA was maximum at 5.6 X 10°
cells/mL. In the mouth of the Tyya River (7-Riv), in
coastal water from the mouth (7-260CWL, 7-540CWR,
7-200, 7-NepCW), and in the pelagic zone (7-3k), the
TMA ranged from 0.3x106 c¢/ml to 3.6x10° cells/
mL. At the stations in the estuary, water quality corre-
sponded to clean water in which autochthonous micro-
flora dominated over allochthonous microflora and
self-purification processes were active. The SC here was
high and ranged from 8.4 to 70, but at the station 7-3k,
it was less than 4, indicating low activity of the natural
microbial population in the pelagic zone of this area. In
7-WW, the number of E. coli was 4700 CFU/100 c¢cm3,
which was 9.4 times higher than the normative values;
in the other samples of the study area, E. coli were found
in the amount acceptable by normative documentation
or were absent. No E. coli representatives were found
in any of the samples, except for 7-Riv130LA, in which
the number (24 CFU/100 cm?®) did not exceed the per-
missible value. EC excess was recorded in coastal water
to the right of the river mouth (7-540 CWR) by 3.5
times, and in Neptun Bay (7-NepCW) by 12.8 times.
At the other stations, the amount of EC was within the
permissible values.

High levels of TCB in 7-WW indicate a potential
risk of Enterobacteriaceae contamination of the water-
courses of the Tyya River, into which inadequately
treated effluent from the Severobaikalsk WWTP is dis-
charged. Lactose-positive Enterobacteriaceae of fecal
origin from the family Enterobacteriaceae of the gen-
era Escherichia, Enterobacter, Citrobacter, Klebsiella, the
most frequently isolated from environmental objects,
are usually etiologically associated with the intestinal
infections reported at that time (Trukhina et al., 2022).
Non-compliance with the requirements of SanPiN
1.2.3685-21 and exceedance of sanitary-microbiologi-
cal parameters in waste water and surface water of the
mouth water area of the Tyya River were also revealed
earlier during microbiological monitoring (Shtykova et
al., 2016, Drucker et al., 2023).
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3.3. Distribution of psychrophilic
microorganisms

The abundance of culturable psychrophilic
microorganisms (PM) was assessed at 28 stations in the
study areas. The highest values were recorded at the
Site 1 in the river water and surface water of the littoral
estuary water zone (from 586 CFU/cm?®to 2908 CFU/
cm?®). In general, the number of PMs exceeded that of
organotrophic bacteria grown on RPA/10 at 22°C (TMC
22°C) by approximately twofold, with comparable
numbers observed in the pelagic zone (1-3k). In the rest
of the studied areas, PMs were higher at littoral zone
(47-800 CFU/cm3) than in the pelagic zone (5-22 CFU/
c¢m3), with the exception of 3-3k and 3-12k (867 CFU/
cm?® and 580 CFU/cm?). It should also be noted that in
the surface water of the estuarine and pelagic zones,
the number of PM significantly exceeded the number
of mesophilic bacteria (TMC 37°C). Site 6 shows the
dominance of mesophiles, which may be related to
the favorable temperature regime for the development
of this group of microorganisms, which arises due to
water runoff from hot springs and warming of the shal-
low zone of Chivyrkuisky Bay.

Lake Baikal is a habitat for cold-loving microor-
ganisms, which are mostly represented by psychrotoler-
ant forms with a growth optimum of 22°C (Namsaraev
et al.,, 2008; Martsinechko and Zakharova, 2023).
Culturable psychrophiles were isolated from water,
endemic sponge species, and bottom sediments from
different areas of Lake Baikal, and their high abun-
dance and enzymatic activity were shown (Parfenova
et al., 2008; 2009; Babich et al., 2021, Martsinechko
and Zakharova, 2022). The microbial community of the
lake plays a key role in water quality formation, self-pu-
rification of the water body, degradation of organic
matter, and maintaining the natural chemical status of
the aquatic environment (Tulokhonov, 2009). In our
study, in samples collected in the area of effluent dis-
charge in the Slyudyanka WWTP, cultivated PMs dom-
inate in the organotrophic community. Thus, PMs are
numerous natural microorganisms of a natural water
body and can be active participants in the self-purifica-
tion processes of a water body, which should be taken
into account when assessing water quality.

4. Conclusion

The water quality of seven areas of Lake Baikal
was assessed in September 2022. The results showed
that the ratio of TMA/TMC 22°C, which is used to
assess the sanitary condition of water bodies, was more
than 10%. According to GOST 17.1.3.07-82, this clas-
sification defines the water as a clean water body of
class II. The exceptions were water samples taken at
the mouth of the Pokhabikha River and in the Baikal
water at the mouth water area at a distance of 2 m from
the shore, where the water was classified as moderately
polluted according to the TMA/TMC 22°C ratio (102).
The excess of natural microorganisms, including psy-
chrotolerant ones, over the number of introduced bac-
teria at the stations of the Tyya mouths and Maksimikha
rivers, the coastal water area of Baikalsk, Maksimikha,
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Severobaikalsk, and most pelagic stations indicates the
activity of autochthonous microflora. Low self-purifica-
tion coefficient determined at the stations in the water
area of the Pokhabikha River mouth, Tonky Island,
Zmeinaya Bay indicates a high load of microflora of
allochthonous origin and low intensity of self-purifica-
tion in these parts of the lake.

A review of effluents discharged by the WWTP
of Slyudyanka and Severobaikalsk towns into the sur-
face watercourses, the mouth of the Baikal coast, and
the thermal baths of hot springs of Zmeinaya bay
revealed that the levels of generalized coliform bacte-
ria, Escherichia coli, and Enterococcus do not meet the
requirements of SanPiN 1.2.3685-21. Exceedance of
normative requirements for enterococci in the river
water near Maksimikha settlement, coastal water of
Zmeinaya Bay in Chivyrkuisky Bay and Neptun Bay
near Severobaikalsk was recorded. At the littoral sta-
tions located 50 m from the shore and background sta-
tions in the pelagic zone of Lake Baikal at a distance
of 3 km or more from the investigated local pollution
sites, water quality indicators did not exceed surface
water safety standards for microbiological and hydro-
chemical parameters.
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OueHkKa KauecTBa BOAbI 03epa

BalKkaAn M ero NnpUToOKOB B MecTax
BO3AEHMCTBHUA AOKAAbHOIro 3arpA3HeHun
no MMKPOOGMOAOrHUYEeCKUM U
rMAPOXMMHUYECKHM AQHHbIM

MapiuHeuko A.C., YUeObikuH E.I1., UeOynuna H.C., 3axaposa 0.P.*

JIumHostoeuyeckuti uHcmumym Cubupckoco OmdesteHus Poccutickoti Akademuu Hayk, yst. Yan-bBamopckaa, 3, Hpkymck, 664033,
Poccua

AHHOTAIIHSL. IIpoBeneHa olleHKa KauecTBa BoAbl o3epa baiikaa U ero MpUTOKOB, HAXOLAMUXCA MO
BJINSIHMEM CEMU PA3JIMYHbBIX MCTOYHUKOB JIOKAJIBHBIX 3arpsi3HEHUI: B palioHax c6poca CTOYHBIX BOJ 13
KaHaJIM3aIl[MOHHBIX OYMCTHBIX coopyxeHuil (KOC) roponmos Ctofsanka, batikanasck, CeBepobaiikaibek, a
TaKXe CTOKa XO35HCTBEHHO-OBITOBEIX BOJ Typ6a3 u mocenka MakcuMpxa, CTOKa BOJ TOPSYUX UCTOYHU-
KOB M3 BaHH /I KynaHus B OyxTe 3MeunHasi, jexoull] 6aliKkaJIbCKOU HepNbl U TYPUCTUYECKOTO EHTpa
Ha octpoBe TOHKUI apxunesara YIKaHby OCTpOBa B ceHTsA0pe 2022 r. Boasl o3epa u pek Iloxabuxa,
Maxcumuxa 1 This IpU HOMOIIY METOJ0B MHUKPOOHOJIOIMYECKOT0 U THAPOXUMUYECKOr0 aHaIN3a olle-
HeHbI Kak uncthle II kiacca kayectsa (I'OCT 17.1.3.07-82), 3a uck/IroueHreM NMpUOPEXHON aKBaTOPUU
HanpoTUB ycThA peku [Toxabuxa, rije BoAa onpezeseHa Kak yMepeHHO 3arpsAa3HeHHas1. HepaBHoMepHOe
pacnpefiesieHre 3HaUeHUH K03 dUIeHTa caMOOYHNIEHsI CBUAETEIBCTBYET O BEICOKOU YKCJIEHHOCTU
MUKPO(IOPH! aJIJIOXTOHHOT'O IIPOMCXOXAEHNA M HU3KOM aKTUBHOCTH aBTOXTOHHBIX MUKPOOPTaHU3MOB,
y4YacTBYIOIINX B Ipolleccax CaMOOYUINEHUs B MCCJIeJyeMbIX palioHaxX o3epa. YCTaHOBJIEHO, 4TO cOpa-
CBIBaeMble OUYKCTHBIMH COOPYXEHUsME CTOYHBIE BOJIBL, BOAA B YCThe U MOBEPXHOCTHAs Boja barikama B
IPUYCThEBON akBaTopuu peku IToxabuxa, BoAa B KylaJabHBIX BAHHAX TOPSYNX UCTOYHUKOB 6. 3MenHas
He cooTBeTCTBYIOT TpeboBaHuAM CaHIIuH 1.2.3685-21 nmo npefeyibHO AOIMYCTUMOMY KOJIMYECTBY 00006-
HIEHHBIX KondopMHBIX OGakTepuii, Escherichia coli u Enterococcus. Ha Bcex KOHTPOJIBHBIX CTAHIMAX
nejarvany oszepa Bafikas, yoaneHHBIX OT MCCIeAOBAHHBIX JIOKAJIBHBIX MECT 3arpsi3HeHUH, IIoKa3aTen
KavecTBa BOJBI He MPEBHIIATIN HOPMATHUBEL 6€30IaCHOCTU BOJBI IIOBEPXHOCTHBIX BOOHBEIX 0OBEKTOB 110
MHKPOOGHOJIOTMYEeCKUM U TUAPOXUMUYECKHM [TapaMeTpaM.

Kiouegwie citoda: o3epo batikas, KauecTBO BOJBI, OpraHOTpodHEIe U NcXpoduibHbE OaKkTepun, CaHUTapHO-
MHKPOOHOJIOTHYeCKre IoKa3aTesIn

Jiia mutupoBanusa: MapuuHeuko A.C., YeOnikuH E.II., YeOynuna H.C., 3axaposa I0.P. Onenka kaduectBa BoAsl o3epa barikas
U ero IPUTOKOB B MECTax BO3IENCTBUsA JIOKAJIBHOTO 3arpsI3HEHUS 0 MUKPOOMOJIOTUYECKUM U TUAPOXUMUYECKUM JAaHHBIM //
Limnology and Freshwater Biology. 2024. - No 4. - C. 998-1019. DOIL: 10.31951,/2658-3518-2024-A-4-998

1. Beepenne ImeHue KOHIeHTpauuil ¢ochaToB U HUTPATOB, UNC-

JIEHHOCTU OpraHoTpodHBIX OakTepuil, B TOM 4YHCJIE

Bonpr o3epa Baitkan siBysitores oobexkTom I u 11
kareropuii BogonoJb3oBanusa (CanlluH 2.1.3684-21),
TO eCTh WCHOJIB3YIOTCA B KauyeCTBe MCTOYHUKA MUThe-
BOr'0, XO3SIICTBEHHO-OBITOBOTO BOJOMNOJIb30BAaHUA U
BOJOCHaOXeHUA MNpeANpUATHIl MUIEeBONH MPOMBIII-
JIEHHOCTH, a TaKXe B peKpearMoHHbIX IeJisix. OQHaKo,
W3BECTHO, YTO B JIOKAJBHBIX Y4YaCTKaX JIATOPAJIbHOU
30HBI 03epa MPOUCXOAAT HEraTUBHBIE U3MEHEHUs, KaK
HalpUMep, MACCOBBIA POCT HUTYATHIX BOJOPOCJIEN,
(Timoshkin et al., 2014; 2016), ru6ess ry6Ku, MOBHI-
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IpYIIBl KUIeYHo! nasiouky (3emckasa u ap., 2019).
[MpyunHaMu CHUKeHUs KayecTBa NPUOpeXHBIX Oaii-
KaJIbCKUX BOJ ABJIAIOTCSA yBeJMYeHNe peKpealliOHHOMN
HarpysKH 1 cOpoC HeOUHUI[eHHBIX cTOYHBIX BoA u3 KOC,
pacroJjioxxeHHBIX Ha Oepery balikasia HaceJIeHHBIX ITyH-
ktoB (Drucker et al., 2023).

B mocnenHee BpeMs peryJjisApHble MHUKPOOMOJIO-
rudeckye 1ccjieJoBaHuA HeoAHOKPaTHO GUKCHPOBan
[OBHIIIEHHBIe CaHUTApHO-O0AaKTepHOoJIoTUYecKe IoKa-
3aresu B o3epe batikan u ero mpurtokax (IITeikoBa
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u 1p., 2016; IomnecHas u gp., 2022; Suslova et al.,
2022; ManpHUK U Op., 2019; 2022; CycnoBa u ap.,
2017). IlpencraBsieHHBle [OaHHBIE CAHUTApHO-OakTe-
PUOJIOTMYECKOH OIleHKM KadecTBa BOJABI IIOAPOOHO
OXBaTBIBAIOT NpUOpexHyl0 akBaTopuio IOxHOro u
CpenHero Baiikana (MasibHuK U Ap., 2019; 3eMckas u
ap., 2019), ycTbs pek B palioHax JIOKaJIbHOTO aHTPO-
IIOTeHHOr'0 BJIMAHUA U Iejlarnyeckye CTaHIUHU CTaH-
JapTHBIX THAPOJIOTMYECKUX pa3pe30oB akBaTOPUHU 03epa
(Shtykova et al., 2019; Suslova et al., 2019; Drucker
et al.,, 2023). H3yyeHHe BO3MOXHOI'O IOCTOSHHOIO
MOCTYIJIEHUsA CaHUTapHO-NIOKa3aTesIbHbIX OakTepuil u
CcOoXpaHeHMA UX XKU3HeCcIocOOHOCTU B o3epe baiikan B
KOMILJIEKCe C ollpejieJIeHHeM JIpPyTUX IPynil OpraHoTpo-
(HBIX MUKPOOPraHW3MOB BaXXHO [JIA OL[eHKHU KayecTBa
6atikasbckort BoAsl (Elovskaya et al., 2022).

Lesns paboTH — ONpeieINTh YUCIEHHOCTD U pac-
npejieJieHrie MUKPOOPIraHU3MOB, B TOM YHCJie CAHUTap-
HO-TIOKa3aTeJIbHbIX U OLEHUTh COCTOSIHKE IIPOILIeCCOB
caMmooumiieHusA o3epa balikan B pailioHax BJIMAHUA
HMCTOYHUKOB JIOKQJIbHBIX 3arpsA3HeHuil. B Hameli pabore
B K&XAOM palioHe, CBA3aHHOM C JIOKaJIbHBIM 3arpssHe-
HUEeM, HUCCIeJOBaHo OT 6 10 13 Touek, KOTOphble BKJIIO-
yaJid MecTa BBIIyCKa CTOYHBIX BOJ, palioHBI peK [0 U
IocJie BBITyCKa CTOYHBIX BOM, YCThA pekK, JUTOPAJIbHYIO
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30Hy Ha pasHOM pacCTOsHHU OT Oepera U mneJjarmude-
cKy10 30HY. Takas cxeMa oT6opa npob 1o3BoJjma mnpo-
BeCTH OIeHKY 00Iell Y1CJIeHHOCTH MUKPOOPTaHU3MOB,
KYJIBTUBUPYEMBIX OPraHOTPOG®HBIX INCUXPODUIBHBIX U
Me30hMIIbHBIX OaKTepHuil, a TakXe ONpeNesUuTh CaHU-
TapHO-TIOKa3aTesbHble 0aKTepuil M UX paclpocTpaHe-
HUe OT MecCT JIOKQJIbHOr'O 3arpsA3HeHusA 10 Halpasie-
HUIO k Batikay.

2. MaTtepuanbl U MEeTOADI

Pationn! uccnegoBanus U otbop npob. B Teue-
HUU KOMILJIEKCHOM Kpyro0aiikajibCKOM 3KCHeJUINU C
05 o 15 cenTsabpsa 2022 r. ucciaefoBaIy ceMb paliOHOB
BJIUAHUA MCTOYHHWKOB QHTPOIIOr€HHOIO U eCTeCTBeH-
HOro 3arps3HeHus Ha osepo balikam: r. CilogdaHKU
(p. Moxabuxa, crounsle Bomel KOC); r. Bailikambscka
(npynm-aspatop BLBK, crounsle Boasl KOC); m.
Makcumuxa (BaprysuHckuii 3aamB, Typbassl), oO.
Tonkuii (Hepna-nieHTp), 0. ToHKUi (J1ex0Oullie Hepi), 6.
3MenHasa (YMBBIPKYHCKUI 3a/1MB, TepMaJibHble UCTOY-
HuKkH), T. CeBepobarikanbcka (p. ThisA, cTOUHBIE BOJBI
KOC) (Puc.). OT60p 1npobd CTOYHBIX, PEUHBIX U MTOBEPX-
HOCTHBIX BOJ JIMTOpAJIX Ha paccToAHnu 2 M U 50 M oT
6epera, a Takxe (POHOBbIE yUaCTKU NleJaruasiy o3epa Ha

Puaiion 6
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FRowp 300 3

Puaiion 3

2-PAout

150 3

Paiion 2

Paiton 1
Puc. Kapra-cxema paiioHoB oT60pa Ipob B peKax, YCThsAX pek, JUTOpajiu U nejaruany o3epa batikan UepHas 3ayuBKa — 3Ha-
YeHusa CaHI/ITapHO-MI/IKp06I/IOJ'IOI"I/I‘{eCKI/IX nokasarejiell He IMMPEBBIMIAIOT HOPMAaTKUB, KpaCHas 3aJIMBKa — 3HAY€HUs okasareJien
IIPEBBIIIAIOT HOPMAaTUB.
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paccTtoAHuMU 3 KM U 0oJjiee 0T UCTOYHUKOB 3arps3HeHui
OCYIIEeCTBJIAJIM COIJIACHO HOPMATUBHBIM AOKYMeHTam
(I'OCT 31942-2012, MYK IIH & 12.15.1-08, TOCT
31861-2012). [Tpobsl BoABl OTOMpPAaM B peKax, YCThsIX
PeK U IIPUYCTbeBBIX yUacTKax JIMTOPAJIX C IOBEPXHOCT-
Horo cJ104 BoAs! (0.5 M) B IpeiIBapUTEJIbHO CTePUIIN30-
BaHHYy10 1,5 71 6YTBUIKY C JIOOKH, a B [leJIarkyecKoli 30He
c ray6uH 0, 5, 10, 15, 20, 25 M (uHTerpasibHas npobda
0-25 M) ¢ momoreio mpobooTéopHUKa SBE32 Carousel
Water Sampler ¢ 6opra HUC «I'.}0. Bepemarun». Bcero
npoaHaan3nupoBaHo 210 o6pa3noB BOAbl, OTOOPAHHBIX
Ha 42 craHuuax orbopa npobd (Tabmuna 1).

O6111y10 4KMCJIEHHOCTh MUKpoopraHusMmos (OUM)
YYUTHIBAJIM METOAOM IIPAMOIO cUeTa IpernapaToB, OKpa-
meHHbx DAPI (4,6-diamidino-2phenylindole) (Porter
and Feig, 1980), c ucnoyib30BaHuEM 3MUGITyOPECLEHT-
Horo Mukpockona (Axiovert 200 Zeiss, 'epmanusi).

Opra"oTpodHsle OakTepyuyd OIpeAesiAId IpU
Pa3HBIX YCJIOBUAX KyJIbTUBUPOBaHUA. PEIOO-TIeNITOHHEBIN
arap, pas6assieHHsiil B 10 pa3 (PITIA/10) ucnosibp3oBaiu
JUIA ollpeJiesIeHrs YMCJIEHHOCTH aBTOXTOHHOU MUKPO-
dy10pHl, ecTeCcTBEHHON JiA JAaHHOTO BOAOEMa, IIOCEBHI
uHKyOupoBanu npu 22°C B TeueHue 72 u (OMY,
22°C) (T'opbenko, 1961). Ha msco-nenToOHHOM arape
(MITA) nocne unky6aruu npu 37 *+ 1 °C B TeueHue
24 4. onpeAesAINd YMCIEHHOCTh aJJIOXTOHHOH MUKPO-
dJ10pHl, IpUBHECEHHO! B BOJI0EM B pe3yJibTaTe aHTpO-
noreHHoro 3arpsisHeHus (OMY, 37°C). KoadduuueHt
camoouniieHusa (KC) ompefesisaiy MO COOTHOUIEHUIO
3HauyeHui nokasaresa OMY, onpefeséHHBIX [IPU TeM-
nepatypax 22°C u 37°C. Cpexny R2A ucnoss3oBanu i
KyJIbTUBUPOBAaHUA ICUXPOMUIBHBIX MHUKPOOPraHU3-
moB (I[TM) ipu T 10°C B TeueHue 10 cyTOK.

CaHHUTapHO-MHUKPOOHOJIOTYeCcKHe IoKa3aTesn
ompefesnisinu B coorBerctBun CanlluH 1.2.3685-21.
O606meHHbie Koudopmable 6akTepun (OKB), E. coli,
omnpefesAnd MeTogoM MeMOpaHHOHU (uibTpauuu Ha
nuddepeHLaIbHO-IUAaTHOCTUYECKON  cpefle  DHJO,
6akrepun poma Enterococcus (OK) Ha arapu3oBaHHOMN
asyHOM cpefie DHTEepOKOKKarap. AHaIu3 pe3yJibTaToB
nposoauiu coriacHo 'OCT 24849-2014.

®u3nKo-xMMHUYecKre IapaMeTpel BofAel: pH,
temmepartypa (T), anexrponpoBogHocTs (EC), KoHIEH-
Tpauu O, 8042') PO,*, NH,*, NO,, NO, Gbui1 usme-
peHEBl CTaHAApPTHRIMU MeToaamu coryiacHo Wetzel and
Likens (2000), PyKOBOJCTBY MO XUMHUYECKOMY aHATU3Y
MOBEPXHOCTHBIX BoZ cymu (2009) B akKpeAUTOBAaHHOM
JjabopaTtopuy r'HIpOXUMHUN U XMMHU aTMocdepsl, Kak
onucaHo paHHee (ManpHUK U Ap., 2019).

3. Pe3ynbTatbl M 06Ccy)xpeHue
3.1. Pu3NKO-XMMHUYECKaA XapaKTepucTukKa
BOAbI B paiOHaX UCCAEAOBaHUA

Bo Bcex palioHax ucciaefoBaHUA IPOOBl BOJBI
OBl OTOOpaHBI C COJIHEYHYI0 Oe3BeTpeHHYI0 IIOTOAY
npu T Bo3ayxa ot 10°C go 25°C. T moBepXHOCTU BOJIbI
kosiebasiack B mpefiesiax 6.4 — 10.1°C B pekax [Toxabuxa,
Maxkcumuxa u Thid. 1o HanpaBJIeHUIO OT YCThEB PEK OT
6epera 40 GOHOBBIX CTAHIMI B [leJlaruajiy I0OBepXHOCT-
Has Bofa batikana Oblya nporpeTa B cpeiHeM A0 13.6 +
4.5 °C, xpoMe palioHa HaIMlpOTUB yCThA peku [Toxabuxa
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(6.5 — 7.5°C) u B nmpubpexHON BoJe NpaBee OT YCThs
peku Tois (7.7°C). T cTrouHbIX BoA, oToOpaHHbIX u3 KOC
ropoaos CrofsHka, batikanbck u CeBepobaiikasbCK,
6bL1a 60Jtee BhIcOKOM (14.2 — 19.8°C), B ropsUnx UCTOY-
HuKax OyxThl 3MenHas 3adukcuposaHo 42.8°C (Zm-1)
u 39,3°C (Zm-2). 3HaueHus pH Bo Bcex peuHbIX U Oaii-
KaJIbCKUX 0OpasliaX BapbUPOBAJM B CJIOOOIEJI0UHOM
auanasoHe ot 7.63 go 8.67, B ropAYUX HUCTOYHUKAX
OBLIIM IIeJIOUHbIe IokaszaTenau (9.6), B CTOYHBIX BOoAax
n3 KOC ropoma CeBepobatikanbck 3adukcupoBaHa
ciabokucniasn cpefa (5.24). MakcumasbHble 3HaYeHNUA
anektpornpoBogHoctu (EC) ompepnesieHBl B CTOYHBIX
BOJlaX U TropsAYux ucTouHukax (o 864 mxCm/cm). B
BoJle pek Iloxabuxa u Makcumuxa 3HaueHus EC (240
MKCM/cM u 156 MkCm/cM) ObLIM BhIlllE YeM B Cpefl-
HeM B Oaiikasbckoii Bofie (127 mxCm/cM) U HA000POT
B Bojfle peku Toisa (98 mMxCM/cM) MeHbIlle yeM B Oaii-
Kasibckol. KoHIleHTpanuy pacTBOPEHHOr'0 KHCJI0poJa
(O2) B peuHOI1 U 03epHOI BoJle BApbUPOBAJIU B Y3KOM
nquanasoHe 8.9 — 12.6 mr/qMm3 (Tabsmna 1).

Conepxanue SO,*, PO,*, NO,, NO, u NH,* B
CTOYHBIX BOJax, cOpachiBaeMbIX LIeHTPaJIM30BaHHBIMU
1 JIOKAJIbHBIMH CHCTeMaMH BOIOOTBeIeHUs IMocelie-
HUI WM TOPOJICKUX OKPYroB B IpefiesiaX IeHTpaib-
HOU 3KOJIOTUYeCKON 30HBI, a TaKXXe HeloCpeICTBEHHO
B o3epo Baiikaq HOPMHUpPYIOTCA COIJIaCHO IpHKasa
Munnpupoas! Poccun ot 21.02.2020 No 83 u oTHeceHb!
K KaTeropuu «yMepeHHO OIMACHBIX» BpPeqHBIX BellecTB.
B crouneix Bozmax ot ropopa CriofsiHKa, cOpachiBae-
MBIX B peky Iloxabuxa BBIABJIEHO INpeBHIIIEHUE OOMY-
CTUMBIX HOPMAaTUBOB cojepxanusa PO,*(mo pocpopy)
B 13 pa3, NH** B 90 pa3. B cTOuHBIX BOZax OT ropofa
CeBepobaiikajibck, cOpachiBaeMbIX B peky Twifg coaep-
xanue PO,*(mo ¢ocdopy) npeBbIIIago JOMyCTUMbIE
HopMmaTuBhH B 19.7 pasa, NO, B 17.4 pasza, NH,* B 7.3
paza. Ctounble BoAbl OT ropofa baiikasbck, oTobpaH-
HBle U3 IpyJa—a’spaTopa U Iocjie OTCTauBaHUA B HEM
cOpachiBaeMble HeIOCpPe[CTBEHHO B o03epo balikan
TaK Xe coJiep>Xaii BbICOKHE KOHI[eHTpalUu BpeIHBIX
BemecTB. Conepxanue PO, *(mo ¢pocdopy) mpesbimaio
JOMyCTUMBIA HOpMaTuB B 23 pasa, SO,> B 3 pasa, NO, B
42.5 pa3, NO, B 150 pa3 u NH,* B 45 pas.

KoHIljeHTpanum XuUMHUYECKHUX KOMIIOHEHTOB B
peKkax U yCThAX pek ObLIU BBIIIe YeM B 03€pPHOH BO/Ie.
Haubonee Oblsia BBIpakeHa pa3HULA B COJepXaHUU
SO,*, PO,*, NO,, BejMYMHa KOTOPBIX BapbupOBasa
B peuHoil BoAe 6.8-11 mr/am3, 0.011-0.085 mr/mm3,
1.24-1.7 Mr/am® COOTBETCTBEHHO W B 03epHOU 5.6-8.1
mr/ame, 0.003-0.020 mr/am3, 0.1-1.4 mr/mm3cooTBerT-
cTBeHHO. [Ipu 3ToM B 03epHOI1 BoJle HauboJIblliie KOH-
I[eHTpaluu OGMOTeHHBIX 3JIEMEeHTOB ObLJI B oOpasnax,
OTOOpaHHBIX B YCThAX pek, IpubpexHoil Bofe (2 M OT
Oepera) HampOTHUB YCTheB peK, U TOPSYNX KUCTOYHU-
koB. HanGosbmne koHuentpanuu NH,* u NO, B peke
(0.046 mr/nm® u 0.011 mr/am®) u yethbe peku [Toxabuxa
(0.93 mr/am® u 0.029 mr/om®), B ocTaJIbHBIX 00pasnax
He npesbimanu 0.013 mr/oqm® u 0.008 Mr/am3, cooTBeT-
crBeHHO (Tabsmma 1). [NoBeilleHHBIE KOHILEHTpALUU
O1OTreHHBIX 3JIEMEHTOB B ycThe peku Iloxabuxa (1-Riv)
U npuycTbeBoil akBatopuu (1-1CW) MoryT cBufeTeb-
CTBOBATh O BJIMSAHUU HEJOCTATOYHO OUYMINEHHBIX CTOY-
HBIX BOJT Ha XUMHYECKHUI COCTaB BOHI.
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3.2. PacnpeaeneHue YUUCAGHHOCTH
MHUKPOOPraHM3MOB U CAHUTAPHO-
MHKPOOHONOrHUYECKHX NOoKa3aTenen

B pesysbraTe MHKpPOOMOJIOTMYECKOTO HcCCie-
noBaHusa cemu parioHoB (Puc., Pationst 1-7) c pas-
JIMYHOW AHTPONOTeHHONW Harpy3Koil Ha JMTOpasb
Batikasa BbIsiBJIeHA BBICOKAas YHCJIEHHOCTh OaKTepuil
Y 3HauYUTeJIbHOe IIpeBhblllleHe HOPMaTUBOB CaHUTap-
HO-MUKPOOHOJIOTMYECKUX ToKa3aTeJiell B Ipobax BOJIbI
0TOOpaHHBIX HelNoCpeACTBEHHO U3 CaMUX HMCTOYHHUKOB
3arps3HeHus. DTO OBLIM CTOYHBIE BOJBI, BBEIITyCKaeMble
KOC ot ropona CitofsAaHKa B peky [Toxabuxa u o1 ropoga
CeBepo0aiikajbck B peky Tblf, BoAa B IpyAax-aspaTo-
pax ropofa balikasibck, BoJa B ropsSYuX MUHepPaJIbHBIX
HCTOYHUKaX OyXThl 3MenHas B UMBHIPKYIICKOM 3ajiiBe
(Tabsmna 2).

Pation 1. OYM (3.2 x10° kj1/mJi) GbLia MakCH-
MaJIbHOM BbIllle BBITyCKA OYUIEHHBIX CTOYHBIX BOJ
(1-Rivl100WW) B peky Iloxabuxa cpenu Bcex oOpasIioB
u3 patioHa r. CimofsHka, a cooTHoumeHrne OUYM/OMY
22°C 65110 60J1€E 103, KOTOpPOE KIIaccubuuUpyeT BOay
corjacio 'OCT 17.1.3.07-82 kak uucThiii BojoeM II
kiacca. CootHomeHne OUM/OMY 22°C oObIYHO CJTy-
XUT JJIA OLleHKU CaHUTAapHOI'O COCTOSAHUA BOJIOEMOB
U xapakTepusyeT Tpoduueckoe craTryc OuolieHo3a.
BenuuuHa 3TOro COOTHOIIEHMs B BojaX, OOraThX
J1abUJIbHBIM OpraHuYecKrdM BelecTBOM, COCTaBJjAeT
10%-10?% B ymepeHHO-3arpsa3HeHHbIX 11l kacca 1 MeHee
102 B 3arpsasHeHHbIx IV, V, VI kjiacca kauecTBa BOJIax,
TOrJa Kak B YMCTBIX BoJoeMax M BogoTokax II kjacca
oHO cocTtaBJiisieT 6osiee 10% (TOCT 17.1.3.07-82). Ipu
aToM Ko3pdunmenT camoouniienus (KC) Ha craHuuu
1-Rivl100WW 6bL1 6.23, 4TO COOTBETCTBYET 3aBeplieH-
HOMY Ipoleccy camoouuieHusa npu KC paBHOM uinu
6osee 4 (MYK 4.2.1884-04). CooTHOIIIeHHE KOJIMYe-
CTBEHHBIX IIOKaszaTesieli, oTpakalollux olllee coAep-
XaHue Me30(QUJIbHBIX a’pOOHBIX U (PaKyJIbTAaTUBHO
aHa’pOOHBIX MUKPOOPraHU3MOB B 1 MJI mccjieyeMoun
Bofpl (OMUY, omnpenenéHHBIX NpU TeMmimepaTrypax 22
°C u 37 °C Boipaxaetcsa B KC, ¢ momMolipio KOTOPOro
MOXHO OLIeHWTb aKTHBHOCTb U COCTOSIHHE IIPOIIecCOB
CaMOOYUIIeHHUs MPUPOIHBIX BooéMoB (MYK 4.2.1884-
04). B mecTax 3arpsA3HeHUs XO03AICTBEHHO-OBITOBBIMU
CTOYHBIMY BOJAAMU YMCJIeHHble 3HaueHus 00eux rpyImn
6au3ky. [lokasaTesib MO3BoJiAET I[OJIy4YaThb [IOMOJI-
HUTeJIbHYI0 HHGOpMAalHUI0 O CAHWUTapHOM COCTOS-
HUHM BOJOEMOB, UCTOYHHKAaX 3arpsA3HeHHusd, Ipoleccax
CaMOOYUIeHUS.

B ounmeHHbIx cTouHbIX Bojiax KOC r. CmoasaHka
OUM coctaBuyia 27.6 X 10° xkji/mMi, a 3HauyeHus OMY
22 °C u OMY 37 °C 6pum MakcuMajabHbEIMH (2208
KOE/cm3®u 29024 KOE/cMm3) u3 Bcex mccjIeJOBaHHBIX
o0pa3ioB. BimsAHue cTOYHBIX BOJ OBLIO CyIIeCTBEHHO
3aMeTHO B ycTbe peku 1-Riv u B Gaiikayjbckoil Bofe
MPUYCThEBON aKBaTOPUM HA PacCTOSAHUU 2 M OT Oepera
1-1CW. IIo cootHomienuo OUYM,/OMY 22°C (10?) Boma
3geck orHocutcsa K III kateropun xKayectBa U OLIEHU-
BaeTcA KaK yMepeHHO 3arps3HeHHas. YUWUThIBas TOT
¢akT, 4TO YUCIIEHHOCTh AJIJIOXTOHHON MUKPOQJIOPHI
(OMHY 37°C), mpuBHECEHHOI B BOJI0eM ObLiia BBICOKOM,
nostoMy 3HaueHusa KC Ha 3Tux cTaHIUAX ObLIM HU3-
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kue 0.34 1 1.72, 4T0 yKa3bplBaeT Ha BHICOKYIO aHTPOIIO-
reHHyl0 Harpysky. Ilpu 3ToM mpu oljeHKe BceX IOKa-
3aTeJiell YKMCJIEHHOCTH MUKpOQJIOPH Ha CTAHIUAX B
auropanu Ha paccrosHuu 50 M oT Gepera (1-50) u
KOHTPOJIBHOY (POHOBOI B Ilejiaruajy Ha pacCTOsAHUU 3
kM ot Gepera (1-3k) Boga cootBeTcTBOBaJa II Kytaccy
KauecTBa, a Bbicokuil KC cBuieTesbcTBOBaI 06 aKTUB-
HBIX IIpolieccax caMOOYUIeHUs B 03epe.

B patione BnuAHuA r. COloAsHKa IIpeBHIIIEHHE
CaHUTApPHO-MUKPOOMOJIOTUYEeCKUX [OKa3aTeseil oOHa-
PYy’X€HO B OUMIIeHHBIX CTOYHBIX Bojax (1-WW), B ycTbe
peku Iloxabuxa (1-Riv) u mpubpexHoll Bofe o3epa
(1-1CW) (Table 2). B wuccienoBaHuu ObLIN oOIpe[ie-
JIeHBl OCHOBHble MHJIMKaTOpHbIe II0Ka3aTesy, HUCIIOJIb-
3yeMble JIA OlleHKU 0e30MacHOCTH BOJHBIX 00BEKTOB
corstacHo Can ITuH 1.2.3685-21: 0600I11[eHHbIE KOJIU-
dopmnasie 6aktepunu (OKB), Escherichia coli (E. coli),
sHTepokokku (EC). 3adukcrpoBaHHBIE BEICOKHE 3HaYe-
Husa OKB u Ha craniuax 1-WW (3500 KOE/100 cm?),
1-Riv (1350 KOE/100 cm?), 1-1CW (976 KOE/100 cm?)
MpeBbIIaJIM HOPMAaTUBHBIE MOKasarenu B 7, 2.7, 1.9
pa3 coorBeTcTBeHHO. 3HaueHusa OKB CHUXxajauch Mo
Mepe yAajleHUs OT MecCTa BBIIyCKa OYMIIEeHHBIX CTOY-
HBIX BOJ M He IIPeBBINIAJI0 HOPMAaTHUBH Ha CTaHLMAX
1-50 u 1-3k. HemaBHO BBeneHHBINI ¢ 1 sHBaps 2022
r (CaulluH 1.2.3685-21) mokxasatenp «OO00OIIEeHHbIE
kosudopMHBle GaKTepuu» BMeCcTO o0mux KoJsmdop-
MHBIX OakTepuil ¢ coxpaHeHueMm ab0peBuatypboi OKB
U MpeXHUMU eAUHULIAaMU U3MepeHUii, YUUTHIBaeT He
TOJIPKO JIAaKTO30II0JIOXKUTEJIbHble 3HTepoOaKTepuu, HO
U Jipyrde aTUIIAYHBIE JIAKTO3aoTpUIlaTeJIbHBIE KOJIO-
HUM, IpousBofdAmue ¢depMeHTanui0 D-TJII0KO3BL A0
KHCJIOTH U 00pa3oBaHus rasa (3araiiHosa u fip., 2020).
Hcnosb3oBaHue 3TOro nokasaTeJsis CBA3aHO € TeM, 4TO
C HapacTaHHeM aHTPOIIOreHHO! Harpy3Kyu Ha BOAOEMHI,
[oTenJieHrneM MUKPOKJIMMAaTa, u3MeHeHreM MHIIEeBOro
[OoBeJIeHU JIIoiell, BBO30M MMIIOPTHBIX MUILEBBIX MIPO-
JYKTOB 1 OEeCKOHTPOJIbHBIM IIpMMeHeHHeM aHTHOHO-
TUKOB HayaJll yTpauuMBaTbCA HEKOTOpble (eHOTHUIU-
yecKre CBOVICTBA 3HTepobakTepuii, MeTaJUIMYecKuin
6JIecK KOJIOHUH U CcIIOCOOHOCTh (hepMEeHTHPOBATH JIaK-
to3y (Tpyxuna u ap., 2022). OmnpeneneHue Mo ABYM
6MOXMMMYEeCKMM IIpU3HaKaM AaeT BO3MOXHOCTb BBIAB-
JieHus 6akTepuil ceMelictBa Enterobacteriaceae, rapaH-
TUPYA WX NPUCYTCTBUE B IIpefieslax AOMYCTUMBIX HOP-
maTtuBoB (He 6ostee 500 KOE/100 cm?3).

INokasaTtenu E. coli Ha ctraniusax 1-WW, 1-Riv,
1-1CW mpeBbllIai NpefebHO OOMYyCTUMBIE HOPMEL
B 35, 13.5, 9.7 pa3, COOTBETCTBEHHO, IIpU 3TOM OHU
He ObUTM OOHApyXeHHI Ha cTaHuAx 1-50 u 1-3k. [ia
CaHUTapHO-MHKPOOMOJIOTUYECKOr0 KOHTPOJIA  BOZHBI
BOJOEMOB B3aMeH IIokasaTessa «TepMoOTOJIepaHTHBIE
koJindopMHble GaKTepuu» NPUHAT NokasaTenb E. coli,
KOTOpBI JIyullle o0ecrieyrBaeT olpejiesieHre CBeXero
(dekanpHOro 3arpsasHeHus B Bofe BogoeMoB (CanlluH
1.2.3685-21). OTO CBf3aHO C TeM, 4YTO KHUIIEYHbIe
[aJIOYKU CIocoOHBI pacTu Kak npu 37 °C, Tak U Ipu
44 °C u npeBa/UpyIOT B deKaInuax yegoBeKa 1 XUBOT-
HBIX [10 CPaBHEHUIO C APYTUMU NpeICTaBUTeJIIMU Tep-
MOTOJIepaHTHBIX Kosiudopm (Zagainova et al., 2020,
TpyxuHa u ap., 2022). INokasarens E. coli npeiioxeH
JUIA BCeX BUJIOB IIOBEPXHOCTHBIX BOJHBIX OOBEKTOB U
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Ta6auna 2. Cofepxanue 6akTepuil U CAaHUTAPHO-MHKPOOUOJIOrUecKre oKa3aTesIl B Ipobax MOBEPXHOCTHHIX BOJ B CEH-
Ts6pe 2022 T.

CraHuusa oYM, x10° 1o OMY | OMY 37 KC OKb 9K E. coli
KJI/MJI 22 °C °C
KOE/cm? KOE/100 cm?®
1Riv100WW 3.2 680 324 52 6.23 268 100 0
1WW 27.6 HO 2208 29024 - 3500 84200 3500
1Riv 1.1 2908 1992 5848 0.34 1350 1650 1350
1-1CW 1.0 2856 1360 790 1.72 976 332 976
1-50 2.1 586 368 6 61.33 83 39 0
1-3k 1.4 25 32 0 32 9 0 0
2PAin 3.7 HO 1146 1400 - 12500 300 0
2PAout 6.3 HA 1258 1070 - 7300 200 0
2-1CW 0.4 103 76 4 19 192 0
2T 1.5 18 8 0 8 110 0
2-50 1.8 8 13 0 13 65 0
2-3k 0.6 5 8 0 8 17 0 0
3-Rivup HA HA 1448 58 24.96 64 52 64
3-Riv 0.5 HI 98 2 49 140 0 0
3-1CWRiv 0.6 800 1112 43 25.86 34 0 34
3-50 Riv 0.6 166 808 60 13.46 21 1 0
3-3k 1.0 867 1408 4 352 13 0 0
3-12k 0.7 580 302 114 2.64 78 5 0
4-1CW 0.7 64 55 7 7.85 39 2 0
4-50 CWL HJI HJI 13 7 1.85 100 0 0
4-50 0.7 15 15 5 3 78 0 78
4-50L HI HAO 5 0 5 108 0 0
4-3k 0.8 7 32 3 10.66 40 0 0
5-1CW 0.6 47 152 21 7.23 86 0 0
5-50 0.6 109 262 118 2.22 12 6 0
5-3k 1.8 42 156 66 2.36 4 0 0
Zml 0.8 HO 302 127 - 1860 0 1860
Zm2 0.3 HA 2032 114 - 5240 60 5240
6-1CW 1.3 548 792 507 1.56 7 68 7
6-50 0.7 109 248 122 2.03 6 6 6
6-3k 3.0 181 608 240 2.53 17 0 0
6-16.4k 2.4 22 107 38 2.81 1 0 0
7-Riv130LA 0.1 HA 52 7 7.42 24 5 24
7-Riv100RA 0.2 HI 13 2 6.5 37 1 0
7-WW 5.6 HI 51 154 - 4700 0 0
7-Riv 0.3 HI 42 5 8.4 120 0 0
7-260 CWL 0.7 78 456 31 14.70 0 7 0
7-540 CWR 0.4 247 200 7 28.57 0 35 0
7-200 3.6 9 70 1 70 106 2 0
7-6.5kCWL HAO HO 98 5 19.6 436 0
7-3k 1.5 22 92 30 3.06 0 0 0
7-NepCW 1.3 164 285 54 5.27 20 128 0

IIpuMmeuaHue: BbesIeHBl 3HAUeHUs, IpeBhIaIre HopMaTusel corsacHo CanlluH 1.2.3685-21, OUM - o0mas 4ucjeH-
HOCTb MHUKPOOPraHusMoB, [1® — ncuxpoduibHele MUKpoopranusMsl, OMY — obmee mukpooHoe yncio, K — Enterococcus, OKb
— obmue kommbopMHble 6akTepuu, KC — koadpdunrieHT caMmoouuIieHns, IpoYepK — JaHHbIE OTCYTCTBYIOT.
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HopMupyetcs He 6osiee 100 KOE/100 cm®. KosimuecTBO
SHTepOKOKKOB (JK) Takxe 3HAUWUTEJIbHO IPEBHIIIAIO
JolnycTuMble HOpMBI Ha craHiuu 1-RivIOOWW B 10
pa3 (100 CFU/100 cm?®), 1-WW B 842 pasa (84200
KOE/100 cm3), 1-Riv B 165 pa3 (1650 KOE/100 cm®),
1-1CW B 33.2 pasza (332 KOE/100 cm3), 1-50 B 3.9
pasa (39 KOE/100 cm®). HecMOTpsA Ha TO, YTO YKCJIEH-
HOCTb DHTEPOKOKKOB yMeHbIlIaJIach 10 Mepe yAajleHus
OT MecCTa BBIIyCKa CTOYHBIX BOJ, HECOMHEHHO OYeHb
BBICOKHME IIOKasaTesd 3TUX WHAUKATOPHBIX MHKPO-
OpraHu3MOB CBUJETEJIbCTBYIOT O HAaJIUYUM CBEXero
(dexasbHOro 3arpA3HeHUs U HebJ1arolnpuATHOU snuje-
MMOJIOTHYeCcKOl 0OCTaHOBKe Ha BCeM y4yacTKe HCCilelo-
BaHUs, 3a UCKJII0YeHre (POHOBON CTAHIMU IeJjlarkau.
DHTEPOKOKKH ABJIAIOTCA MOCTOAHHBIMHU OOUTaTesIAMU
KUIIeYHNKA YesIoBeKa U )KMBOTHBIX U B O0JIBIIOM KOJIH-
YyecTBe BBIJIEJIAIOTCA BO BHEIIHIO cpedy. HopmaTusel,
JUI1 BOABl HMCTOYHUKOB IOBEPXHOCTHHIX BOJOEMOB U
CTOYHOI BOJBl B MeCTax BBHIIIyCKa B BOAOEMHI OIpeje-
JeHsl He 60s1ee 100 KOE/100 cm®, B 30Hax pekpearuu
He 6ostee 10 KOE/100 cm®. XapaktepHble MoOp®doJio-
ruyeckre M (GU3HUOJIOrNYeckre O0COOEHHOCTH 3HTepo-
KOKKOB K YCTOMUYMBOCTHU BO3JeHCTBUA (PAKTOPOB OKPY-
JKarollell cpedbl ¥ HEKOTOPHIM Je3rMH(eKTaHTaM IpU
BOJIOIIOArOTOBKe, ObLIM paHee IOKa3aHbl B MCCJIeAOBa-
HUAX IpeAcTaBUTesIell 3TOY I'PyNIBI, W30JMPOBAaHHBIX
u3 o3epa baiikan (KpaBuenko, 2009).
Mukpobuosioruueckrie wucciaenopaHusa B 2021-
2023 rr. B palioHe BbilTycka cTOouHBIX BoA u3 KOC r.
CirosHKa [oKa3ajii, YTO peyHas BoAa W NpubpexHas
aKBaTOpHUs HaXOAATCA MOJ BO3EICTBHEM CTOYHBIX BOJ
Y MIOBEPXHOCTHOI'O CTOKA, YTO XapaKTepu3yeTcs BHICO-
KUM IIPOLIEHTOM IIp00, He COOTBETCTBYIOIIUX CaHUTap-
Ho-0akTeprojiorndyeckuM TpeboBanusM (Suslova et al.,
2022; Drucker et al., 2023). AHasu3 3TUX JAHHBIX CBU-
JertesbcTBYyeT 0 HeaddektuBHON pabore KOC, mpuso-
JAILled K BBIIYCKY HeJOCTaTOYHO OYMIIEHHBIX CTOYHBIX
BOJl B IIPUPOJHBIN BOJOTOK U IOTEHIMAJIbHON 3muje-
MMOJIOTHYEeCKO! OIIaCHOCTU BOJIbl B 30HAX peKpearyu.
Paiion 2. OUM Ha cTaHIUAX JATOPAJIU U Nejiaru-
aiy o3epa B palioHe HalpOTHUB BBITYCKA CTOYHBIX BOJ
U3 IpyJa—aspaTopa, ABJAIIINMCA 3aKJII0YNATEIbHBIM
stanoMm KOC r. Baiikasscka BapbUpoBaJia B Ipefesiax
0.4 - 1.8 x10°% kyi/mi. CoorHomeHnrue OUM/OMY 22°C
66110 GoJtee 10° u KC Gosiee 4, uyTo kiaccuduuupyet
BOJly Ha BCeX HcCJleyeMbIX CTaHIMAX KakK YHCTyl0. B
OUMINEHHbIX CTOYHBIX BOAAax IIpyJa-aspatopa ObUIM
onpejesieHsl Beicokue 3HaueHUss OUM B Bofe Ha Bxofe
(2-PAin) 3.6x10° xiu/mMan um Ha BeIxome (2-PAout)
6.3 x10° xi1/Mi1. 3HaueHuss OMY 22 °C u OMY 37 °C
B BOJie IPyAO0B-a3paToOpoB Ha BXOJe U BBIXOAE TaK Xe
6pu1 BeIcOKMMU (1146 KOE/cmu 1258 KOE/cm®) u
(1400 KOE/cm® u 1040 KOE/cM®) COOTBETCTBEHHO.
CaHuTapHO-MHUKpPOOHOJIOTYecKye NoKa3aTesid B CTOY-
HBIX BOJ|ax IIpeBHIIIaIN JoIycTuMble HopMaTuBel: OKB
B 25 u 14.6 pa3, a EC B 3 u 2 pa3a, COOTBETCTBEHHO.
B Boze mpubpexHOI akBaTOPUU HaNpOTHUB NIPyAOB-ad-
paTtopoB u ¢oHoBo craniuu nejgaruaau OKB npucyT-
CTBOBJIM B IIpejfiesiaX JOIYyCTUMBIX HOPMAaTUBOB U UX
YHNCJIEHHOCTb CHMXaJIach II0 Mepe yaajieHus oT O6epera
or 192 KOE/100 cm®mo 17 KOE/100 cm®. E. coli He
Obls1a 0OHapyxeHa HU B OJHOM oOpaslie 3TOro paiioHa.

1016

B namewm nccsiefoBaHNN He OBLIO BBIABJIEHO IIPEBBIIIe-
HHMe CaHWUTapHO-MHUKPOOMOJIOTHUYeCKUX NoKa3aTeJieil B
6alikasIbCcKOU BoJe, B TOM 4McJIe U Ha CTaHIMU HaXo-
Jsmerica Hag Tpyboill Beimycka cTouHbIX Bof (2-T) B
o3epo. OHaKoO BbICOKHe 3HaueHUs mnokasatesieii OKb
u DK, ompefesieHHbBle HaMU CTOYHBIX BOJax MNpyAa-as-
paropa, a TakXxe BbIABJIEHHbIE paHee B IOBEPXHOCTHOM
BOJle MpubpexHOoi 30HH I Baiikajsibcka Ipu Nnposeje-
HUM CaHUTApHO-0AaKTepHUOJIOTNYeCcKOro MOHUTOPHHTA
B 2010-2023 rr. (Drucker et al., 2023) yka3siBalOT Ha
HM3KYI0 3)HEeKTUBHOCTb OYNCTKU CTOYHBIX BOJ.

Paiion 3. OUM Ha cTaHOUAX JIUTOpAJIU
BaprysuHckoro 3anuBa U Iejaruajm ozepa HalpOTHB
palioHa pacnojioXeHUs TypUCTHYecKux 0a3 Boaje II.
MakcumMuxa BapbupoBasia B mpeneiax 0.5 - 1.0 x 109
ki/Mi. CootHomleHne OUYM/OMY 22°C Ha cTaHIUAX
3-Riv u 3-12k 6pu10 G0stee 10%, uto KiIaccupuuupyeT
BOJIy KaK 4YUCTy10, a Ha craHnusax 3-1CWRiv. 3-50 u
3-3k, 6610 B ipeAesiax 10°-10% u orleHHBaeT BOJY KaK
yMepeHHO 3arpAasHeHHy10. KoaddunuueHT camoouuine-
HUA Ha BceX CTaHIUAX 6oJiee 4 U CBUAETEJbCTBYeT O
BBICOKOM IIOTeHI[hajle BOJAbl K €CTeCTBEHHOMY Camo-
ouniieHuo. OgHaKo Ha BBIXOAe U3 baprysuHckoro
3amuBa (3-12k) KC cocrtaBun 2.64, 4TO yKa3biBaeT
Ha He3aBeplIeHHBIN IIpollecC CaMOOYUIEeHUSA B 3TOHU
akBaropuu osepa. CaHUTapHO-MHUKPOOHOJIOTMYeCKHe
[I0Ka3aTeju He MpeBHIIAJIN HOpMaTHBHBIE 3HAUYEHUA
Ha BceX MHCCJIefyeMBIX CTaHLMAX 3a HCKJII04eHHeM
BOJIbI B peke MakuMuxa, oToOpaHHo Ha 780 M BbIilie
yerba (3-Rivup), rae 3HaveHusa OK mpeBsimnanu HOp-
maTtuB B 5.2 pa3a (52 KOE/100 cm®). IIpeBHIIIEHHBII
nokasatens DK ykasbiBaeT Ha (akT cBexero ¢exasb-
HOI'O 3arpA3HeHUs peyHol BOABI, KOTOPOe POUCXOAUT
BEpOATHO NpU NONaAaHWU B BOAY (eKaJIbHBIX CTOKOB
OT XKWJIBIX JIOMOB IOCeJIKa WJIM IIPU BhIIace AoMall-
Hero ckora. Kak n3BecTHo, BIoJib IToOepexbs balikasa
BONM3M . Makcumuxa cyijecTByeT OoJiee AecATka
6a3 orAbIXxa U IrOCTeBbIX AOMOB. IIpu 3TOM CTOK BOJ
XO03AMCTBEHHO-OBITOBOTO U (PeKaJbHOI0 IIPOUCXOXKIe-
HUA ocyllecTBisAeTcsa 6e3 KOHTPOJIUPYeMOM OYKUCTKU
Ha Tepputopuio nobepexsps. ITo manueiM Drucker et
al. (2023) o6pa3upl TPUOPEXHBIX MECUYAHBIX OTJIOXKE-
HUI KOHTAMHHUPOBAaHBl CaHUTApHO-NOKa3aTeJIbHEIMU
O6axTepusAMHY, YTO MO3BOJIMJIO OTHECTHU UX IO CTelNeHUu
3arpsA3HEHHOCTH K 3NMUAeMHOJIOTMYeCKU OIaCHBIM.

Pationst 4 u 5. OctpoB TOHKUH ABJIAETCA OJHUM
13 MaJIbIX OCTPOBOB apxuresara YIIKaHbU OCTPOBa,
rae HaxoOUTcA 3KoJorndyeckasa Tpoma «K JiexOuiry
6alikaJbCKOM HepIbl» U 3[eCh PeryJisipHO IPOBO-
JATCA DKCKYpCHU B JIETHUI TYyPUCTUYECKHUH Ce30H.
J7A oLleHKH aHTPOIIOTeHHOro BJIMAHMA Ha KadyecTBO
BOJIbI B MPUOPEXHOI YacTHU U B Mejlaruajiu oToOpaHbl
IIPOOBI C BOCTOYHOM CTOPOHBI OCTPOBA, IJle HaXOAUTCA
nHbopMalUUOHHEI «Hepna neHTp» W OCTaHaBJIMBa-
10TCsA Kopabyu [jia Beicaaku TypucTtoB (PatioH 4, Puc.).
J1A olleHKU BJIMAHUA XU3HeAeATeJIbHOCTHU Oalikajib-
CKOM Hepnbl Ha KayecTBO BOJABI OTOOpaHBI IpPOOHI C
3amaJHOM CTOPOHBI OCTPOBA, Ile HaX0qUTCs JiexOulle
Hepn (Pation 5, Puc.). MakcumarsibHble 3HaueHuss OUM
(1.8 x 10 x1/Mu1) 3adUKCUPOBaHbI Ha cTaHIuu 5-3k, B
ocTaibHbIX mpobax ot 0.6 X 10° ki1/mut 0 0.8 X 10° ki/
M. CootHomeHue OUM/OMY BO Bcex uccaeayeMbIX
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npo6ax 66110 Gosiee 10° 1 oLleHMBAET BOAY KaK YHCTYIO
(I-II xmacc xavectBa). OQHAKO Ha HECKOJIBKMX CTaH-
IUSAX BBISIBJIEHO, YTO YHCJIEHHBIEe 3HaueHusa OMY 22 °C
u OMY 37 °C 6bUIM OJIU3KU U COOTBETCTBEHHO OBLIU
Huskue 3HaueHus KC: 4-50 CWL - 1.85, 4-50 - 3, 5-50
- 2.22, 5-3k - 2.36. Hayiuuue ajjIOXTOHHBIX MUKPOOP-
TaHU3MOB I10 YMCJIEHHOCTU OJIM3KUX C YKMCJIEHHOCTBIO
MUKDOOPraHN3MOB aBTOXTOHHOT'O IPOUCXOXJeHUs
CJIy’)KUT MPU3HAKOM MOBBIIIEHHOTO JIOKAJIBHOI'O MOCTY-
IUIEHUS B BOAY NPUBHECEHHBIX 6aKTepuil U MOHMXeH-
HOU aKTUBHOCTU 0OakTepuil ecTeCTBEHHO OOUTAIUUX
B o3epe. IIpu 3TOM mpeBbIllIeHNII CaHUTApHO-IIOKa3a-
TeJIbHBIX OaKTepuil He BBHISIBJIEHO, YTO yKa3blBaeT Ha
OTCYTCTBUE BJIUAHUSA TYPUCTUUYECKOH AeATeIbHOCTU Ha
3MUIEMUOJIOTUYECKyI0 0OCTaHOBKY B paiioHe OCTpOBa
ToHKUi.

Pation 6. B npubpexHoil Bofe OyxThl 3MenHas
U mejiarvany UMBBIPKYHCKOTO 3aivBa HauboJiblIvie
3HayeHusa OUM s3adukcupoBaHbl Ha cTaHIUAX 6-1CW
(1.3x10° xn/mim), 6-3k (3.0x10° xia/Mmi) u 6-16.4k
(2.4x10° xm/mi), cootHomeHne OUM/OMY 22°C
6610 Gostee 10°. Ha Bcex uccienyemsix cradiusax KC
6b11 HiKe 4 (1.56 - 2.81), 4TO CBUAETENILCTBYET O He3a-
BEpILIEHHBIX IpoIleccax CaMOOYUIIeHUs U JIOKAJIBHOIO
3arpsA3HeHUs BOJbI BCJIEACTBUE OOJIBIION TypHUCTHYe-
CKOMU Harpysku 3TOM akBaTOpuM 3ajiuBa. B mecrax mac-
COBOT'O KyIaHUsA JIIofell B KylaJIbHBIX BaHHAX rOpsYnx
WCTOYHUKOB (Zm-1 u Zm-2) 3aduKcupoBaHbl BHICOKHE
sgayeHus OKB (1860 KOE/100 cm®u 5240 KOE/100
cM®), 9TO MPEBHIIAET JOMYCTUMbIE HOPMAaTHUBH B 3.72
u 10.48 pa3 cootBercTBeHHO. Takxe E. coli o6Hapy-
’keHa B 000MX KyIaJIbHBIX BAHHAX U MPEBHIIIAeT HOpMa-
TUBHBIE NIoKa3aTeau B 18.6 (Zm-1) u 52.4 (Zm-2) pasa.,
a xosmmyectBo JK B 6 pa3 B Zm-2. B npubpexHoii Bofe
(6-1CW) HampoTuB ropsiuero UCTo4HuKa (Zm-2) otMme-
YyeHO IpeBhIllIeHle SHTEPOKOKKOB B 6.8 pa3. Ha paccro-
sHuu ot 6epera 50 M (6-50), 3 kM (6-3k) u Ha BEIXOIE
n3 YuBHIpKy¥Hickoro 3anuBa (6-16.4k) caHMTapHO-TO-
KaszaTeJsibHble 0AaKTepuu BBIABJIEHBI B He3HAUUTEJIbHBIX
KOJIMYecTBax, MO0 OTCyTCTBOBAJIU.

[TpeBbillleHNs [OMYyCTUMBIX 3HAUEHUI CaHU-
TapHO-MHUKPOOMOJIOTUUECKUX I[TOKa3aTesell COrjlacHO
CanlluH 1.2.3685-21 B BaHHax [JiA KylaHWsA, py4bsaX
CTOKa U B ype3e BOABl Ha pacCTOSAHUU O 5 MeTpOB
TakXe ObUTM BBIABJIEHH paHee (Suslova et al., 2022,
Elovskaya et al., 2022). O4eBHUOHO, YTO KOJIMYECTBO
KyMaromuxcs: He COOTBETCTBYET CKOPOCTU OOHOBJIEHNS
BOJIBI B BaHHAX, IIPU 3TOM TeMIlepaTypa BOABI FOPAYUX
HCTOYHUKOB cO37aeT OJaronpusATHble YCJIOBUA MJis
Pa3BUTUA YCIJIOBHO-NATOTeHHBIX KOJIMMOPMHBIX OakTe-
puii. B cBsA3U ¢ TeM, YTO ropsyYMe UCTOYHUKU SBJIAIOTCS
ob6beKkTaMM IOCTOSHHOTO peKpealoHHOro Iocelre-
HUA, He06X0AMMO UHPOPMHUPOBATh TYPHUCTOB O Mepax
6e30MmacHOCTU IPU KyMaHWU.

Pation 7. OYM B nieBom (7-Riv130LA) u npaBoM
(7-Riv100RA) pykaBe p. Tria Bhbillle cOpoca CTOYHBIX
Boa ot KOC r. CeBepobaiikasibcka OblJla MHHUMAaJIb-
HoM U coctaBmiaa 0.1 X 10° kia/mia u 0.2 X 10° xi/Mi.
Peunas Boja Bhiie copoca KOC oTHOCUTCA K YMCTOM
I-II xmacca kauvectBa Ipu cooTHomeHuun OUYM/OMU
22°C 6osiee 10° u KC Boime 4. B ouMIEHHBIX CTOY-
Heix Bogax KOC r. Ceepobaiikasibek (7-WW) OUM
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ObUTa MaKCHMaJIbHON U coctaBuia 5.6 X 106 kin/mi. B
ycTbe peku Tois (7-Riv), B mpubpexHo Bofe OT YCThs
(7-260CWL, 7-540CWR, 7-200, 7-NepCW) a Takxe B
nesnaruanu (7-3k) OUM BapsupoBasa ot 0.3 X 108 ki/
M o 3.6xX10° ki/mu. Ha cTaHOMAX TPUYCThEBOM
aKBaTOpPUU BOJa [10 Ka4eCTBY COOTBETCTBOBAJIA YMUCTOMN
B KOTOpPOI aBTOXTOHHas MUKpodsiopa AOMHUHHUpOBaIa
HaJ a/UTOXTOHHON M aKTUBHBI IIPOLieCCHl caMOOYHIIle-
Hud. KC 3pech ObLT BBHICOKMM M BapbupoBajil oT 8.4
o 70, HO mpu 3TOM Ha ctaHiuu 7-3k ObUT MeHee 4,
4YTO yKa3blBaeT Ha HU3KYI0 aKTUBHOCTb €CTeCTBEHHON
MHUKPOOHOU MOMNyJIAMK B NeJjlarhajii 3TOro paiioHa.
3Hauenuss OKB B 7-WW cocrasuiin 4700 KOE/100
cM®, 4UTO MpeBHINAJIO HOPMAaTHUBHEIE [OKa3aTelu B
9.4 pasa, B ocTajJpHBIX oOpaslax HUccjeAyeMoro pai-
oHa OKB obOHapyXeHB B AONYyCTMMOM HOPMaTUBHOM
JIOKyMeHTalliell KOJIM4ecTBe WM OTCYTCTBOBaJd. Bo
Bcex obpasiax mpeacraButenu E. coli He 6bUIu OGHA-
pyxeHsl, kpome 7-Rivi30LA B KOTOpPOM KOJIMYECTBO
(24 KOE/100 cm®) He mpeBHIIAIO AOMYCTUMOE 3Haye-
Hue. [TpeBbimienre DK 3aduKkcrpoBaHO B MPUOPEXHON
BOJle cIipaBa OT ycThs peku (7-540 CWR) B 3.5 paza u
saymBa HentyH (7-NepCW) B 12,8 pa3, Ha ocTaJIbHBIX
cTaHnuAX koamdecTBo DK ObUIO B mpefesiax OOMYyCTU-
MBIX 3HaYeHUH.

Bricokne 3HaueHus nokasatensa OKB B 7-WW
CBU/JETEJIbCTBYIOT O IOTEHOMAJbHOH  OINAacHOCTHU
3apaxeHus OSHTepoOaKTepusMH BOJOTOKOB peKHu
TelA B KOTOpble BBITYCKalOT HEAOCTAaTOYHO OYHUIIEeH-
Hele crouHble BoAbl OT KOC r. CeBepobaiikasbCK.
JlakTO30I03UTUBHEIE 3HTepoOakTepun (eKaJbHOIro
IpOHCXOXOeHUsA u3 ceMeiictBa Enterobacteriaceae
ponoB Escherichia, Enterobacter, Citrobacter, Klebsiella,
HauboJiee 4acTo BbIAeA0IKecs U3 0O0beKTOB BHEIIHe!
cpefbl, OOBIYHO 3THOJIOTMYECKH CONPsIKEHBI C PETUCTPU-
pyeMBIMH Ha TOT IepuoAd KHUIIeYHbBIMH WHQEeKIHUAMU
(Tpyxuna u np., 2022). HecooTBeTcTBrEe TpeOOBaHUAM
CanlluH 1.2.3685-21 u npeBbllieHNe CaHUTapHO-MU-
KpOOMOJIOTUYeCKUX IoKa3aTesiell B CTOYHBIX BOJAax U
[IOBEPXHOCTHON BOJie NPUYCThEeBON aKBaTOPUM peKu
TeiA Takxke ObUIM BBIABJIEHB paHee NpU IIPOBeAeHUU
MHUKpoOHoorudeckoro Mountopunra (Shtykova et al.,
2016, Drucker et al., 2023).

3.3. Pacnpeaenenune ncuxpoPuabHbIX
MHMKPOOPraHu3mMoB

[IpoBesenHa oleHKa YMCJIEHHOCTH KyJIbTHUBHpPYe-
MBIX IMCUXPOMUIBHBIX MUKpoopraHusMos (I[IM) Ha 28
CTaHIMAX HccJleyeMbIX palioHoB. HauboJibmne 3Have-
HUA ObUIM 3aUKCUPOBaHBI Ha cTaHUUAX Site 1 B peu-
HOU BOJle U NMOBEPXHOCTHOH BOJe NPUYyCThEeBOU aKBa-
topuu gutopaiu (ot 586 KOE/cm® no 2908 KOE/cm3).
B nenom kosmuyectso IIM mpeBBIIAIO KOJNYECTBO
opraHoTpodHbix 6akTepuil, Beipocmux Ha PITA/10 npu
22°C (TMC 22°C) npumepHO B []Ba pasa., a B llejiaruaiu
(1-3k) ux KoJyM4YecTBO OBLIO COMOCTaBMMO. B ocrasib-
HBIX HcCCIelyeMbIX palioHax Ha IIpUOpPEXHBIX CTaH-
qUAX JuTopaau koyudectBo IIM 6vu1o Gosbiie (47 -
800 KOE/cm?®) uem B menaruanu (5-22 KOE/cm?), 3a
uckaouyenueMm 3-3k u 3-12k (867 KOE/cm®u 580 KOE/
cm®). Tak ke cjefyeT OTMETUTD, YTO B IOBEPXHOCTHOM
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BOJle NPUYCTbeBHIX aKBAaTOPUI U Iejlaruajyu Kojuue-
cTBO IIM 3HauMTesIbHO MpEBHINAIO KOJINYEeCTBO Me30-
¢unbHBIX 6akTepuii (TMC 37°C). B patioHe 6 noka3aHo
JOMMHUpOBaHNe Me30(H1JIOB, YTO MOXeT ObITh CBA3aHO
¢ 6JIaronpUATHBEIM TeMIlepaTypHBIM PeXHUMOM [JIA pas-
BUTHA 3TOH I'PyNIbl MUKPOOPraHU3MOB, KOTOPHIH BO3-
HUKaeT BCJIEJCTBHE CTOKA BOABI U3 rOPAYNX MCTOYHU-
KOB U IporpeBa MeJIKOBOAHOH 4acTu UMBBIPKYHCKOIO
3asuBa.

Oszepo baiikan, sBiderca MecToOOMTaHUEM
X0JIOAO01100MBBIX MUKPOOPraHU3MOB, KOTOphIe, B 00JIb-
HIMHCTBE CBOEM, IIpeJICTaBJIeHbl IICUXPOTOJIePAHTHEIMU
dopmamu c¢ ontumymom pocra 22 °C (Namsaraev
et al, 2008, MapiuHeuko u 3axapoBa, 2023).
KynbpTuBHpyeMble NCUXpO@uibl ObBUIM BBIAEJIEHB U3
BOJIbl, SHAEMUWYHBIX BUJIOB I'yOKU, JOHHBIX OCAJKOB U3
pas3HbBIX paiioHoB balikasia, mokasaHa UX BBICOKas YMC-
JIEHHOCTb U (pepMeHTaTHBHaA akTUBHOCTS (ITapdeHoBa
u 1p., 2008; 2009; Babich et al., 2021, MapiuHeuko
u 3axapoBa, 2022). MukpobHoe coo00IiecTBO o3epa
urpaer KJIl04eByl0 poJjib B (GOPMHUPOBAHUU KayecTBa
BOJIbl, CAMOOYMIIIEHNH BOAOEMa, JeCTPyKLHUU OpraHu-
Yeckoro BelllecTBa U B MOAAEPKaHUHM eCTeCTBEHHOI'O
XUMUYecKoro craryca BogHoii cpefdnl (Tulokhonov,
2009). B Hamewm uccyieqoBaHuu B oOpasijax, OToOpaH-
HBIX B palioHe c6poca ctouHbix BoA B KOC r. CiroAsHKa,
KyJibTuBUpyeMble [IM OMUHUPYIOT B OpraHOTPOGHOM
coobmectBe. TakuMm ob6paszom, IIM sABJAIOTCA MHOTO-
YNCJIEHHBIMHA ~ €CTeCTBEHHBIMH MHUKPOOpraHH3MaMu
NIPUPOAHOrO BOAOEMa M MOIYT OBITh aKTHUBHBEIMU
y4acTHHUKaMH IIPOLlecCOB CaMOOYHUIIeHN A BOJoeMa, ITO
Heo0XOAMMO yUWTHIBATh NIPHU OLleHKe KadyecTBa BOIHL.

4. 3aknioueHue

ITpu oreHKe KavecTBa BOJABI CEMU PaliOHOB aKBa-
Topum o3epa bBaiikan B ceHTs0pe 2022 roaa B 30Hax
JIOKAQJIPHOT'O 3arpsA3HeHUs, IOKa3aHO 4YTO COOTHOILe-
Hue OUYM/TMC 22°C, KOTOpOe CJIyXUT [J OL[eHKU
CaHHUTApHOTO COCTOSHUSA BOJIOEMOB, ObLIO 6osiee 10° u
kinaccupuuupyetr Bony corsacHo I'OCT 17.1.3.07-82
Kak uncThiii BogoeM II kiacca. MckiitoueHne cocTaBuiIn
o0Opa3Iiel BoJbl, 0TOOpaHHbIe B ycThe peku [loxabuxa u
B OalikaJIbCKO! BOJie MPUYCTheBOIl aKBaTOpPUM Ha pac-
CcTOsAHMU 2 M OT Oepera, rfje Mo cootHoueHuio OUYM/
TMC 22°C (102) Boga 6p1a oTHeceHa K III kateropuu
KauecTBa KaK yMepeHHO 3arps3HeHHas. [IpesbllieHue
YMCJIEHHOCTU €CTECTBEHHbIX MUKPOOPraHU3MOB BOJIO-
eMa, B TOM 4YMUCJIe M IICUXPOTOJIEPAHTHBIX, HaJ 4YUC-
JIEHHOCTbIO IIPUBHECEHHBIX OakTepuil Ha CTAHIUAX B
ycThaAX pek Thia u Makcumuxa, NpUOpeXHON aKBaTo-
puu r. baiikanbsck, 1. Makcumuxa, r. CeBepobaiiKaabCcK
1 OOJIBIIMHCTBE IeJlaruyecKWX CTaHIUN yKasblBaeT
Ha aKTHUBHOCTb aBTOXTOHHOM MHUKpodopsl. Huskuii
k03(pdUIMEeHT caMOOUUIeH!s, OINpeleJeHHb Ha
CTaHLIMAX aKkBaTOpKUU ycThA peku [Toxabuxa, o. ToHKU,
6. 3MenHas CBUJETEJIbCTBYeT O BBICOKON Harpyske
MUKPO()JIOpOI aJUIOXTOHHOT'O IPOMCXOXAEHUA U HU3-
KOU MHTEHCUBHOCTH CaMOOYHIIIeHN Ha AaHHbIX y4acT-

Kax o3epa.
YcTaHOBJIEHO, YTO CTOYHBIE BOJbI, BHINY-
ckaemple KOC ropomos CmogsaHka, batikaibcek,
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CeBepoOaiikajlbCK B IIOBEPXHOCTHEIE BOJOTOKH, BoAa
B yCTbhe M INOBEPXHOCTHasA Boja noOepexbs balikana
B NpUyCTheBOM akBaTopuu peku I[loxabuxa, Bojaa B
KyNaJbHBIX BaHHAX ropsYuX HCTOYHUKOB 6. 3MenHasd
He CcOOTBeTCTBYIOT TpeboBaHuaAM CanlluH 1.2.3685-
21 mo npefenpHO AOMYCTUMOMY KOJIMYECTBY 0000-
IIeHHBIX KoJIMbOpMHBIX OakTtepuii, Escherichia coli n
Enterococcus. 3adukcupoBaHO IIpeBbIlleHHe HOpMa-
TUBHBIX TpeOOBaHUI M0 SHTEPOKOKKaM B peYHOH BoJie
B patioHe m. Makcumuxa, MpuOpexHON BoAe OYXTHI
3MmenHasn B YMBBIPKYIICKOM 3a/IMBe U 3ajvBa HenTyH B
patioHe r. CeBepobatikanbck. Ha cTaHIusAX JUTOpAsy,
pacnosioxeHHBIX B 50 M oT 6epera 1 (POHOBHIX CTaH-
I[VAX B Iejlarranu osepa balikan Ha paccTosHUU 3 KM
1 60Jiee OT HCCJIeJOBAaHHBIX MeCT JIOKAJIbHBIX 3arps3He-
HUI, NoKa3aTesM KauyecTBa BOABI He IIpeBHIIIAIA HOP-
MaTHBE 0e30MacHOCTH BOJbI NOBEPXHOCTHBIX BOAHBIX
00BEKTOB 10 MUKPOOHMOJIOTMYECKHMM U THIpOXHUMUIYe-
CKMM IlapaMeTpaM.
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