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ABSTRACT. The analysis of sanitary-bacteriological assessment of water quality in the littoral and
pelagic zones of Lake Baikal for the whole period of microbiological studies of the ecosystem was car-
ried out. It was established that such studies were single in the last century and only from the end of
the century they began to be carried out all over the lake, and now they are carried out annually in the
spring, summer and autumn periods over the whole water area of Lake Baikal and in the estuaries of
large tributaries. The water quality of the lake was assessed and unfavourable areas in the littoral zone
were identified for exceeding SanPiN standards. In 2021-2023, wastewater samples were taken after
the treatment facilities in the Slyudyanka and Severobaikalsk towns, low efficiency of disinfection and
inflow of opportunistic and pathogenic bacteria into Lake Baikal (bacterial pollution) were revealed.
The scheme and periodicity of sanitary-bacteriological monitoring of the Lake Baikal ecosystem is pro-

posed.
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1. Introduction

The surface waters of our planet, including lakes,
reservoirs, and rivers, as well as seas and oceans, are
subject to constant anthropogenic impact. The ecosys-
tem of Lake Baikal, which was included in the UNESCO
World Natural Heritage List in 1996 due to the unique-
ness and purity of its waters, has not escaped this
impact. The ecological condition of fresh water bodies
— the main sources of drinking water — is degrading
worldwide, which leads to the disruption of evolution-
ary microbiocenoses and the development of opportu-
nistic and pathogenic bacteria in them. Because of their
unusual competitive ability, developed over 3 billion
years of existence, microorganisms can inhabit all eco-
logical niches, from polar regions to deserts. Water is
one of the most favorable habitats for them; in aquatic
ecosystems, microorganisms reach high numbers, being
determining and necessary links in the cycle of chemi-
cal elements, providing the process of continuous cre-
ation and destruction of organic substances as a result
of interconnected functioning.

Microbiological studies of the Baikal water and
sediments have been carried out for about 100 years
(Yasnitsky et al., 1927; Nechaeva and Salimovska-
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ya-Rodina, 1935; Kuznetsov, 1951; Romanova, 1958;
et al.). In the following years, abundance and biomass
of bacterioplankton were studied not only in the south-
ern part of the lake but also throughout the Baikal
water area. Their interannual dynamics and vertical
distribution, peaks in seasonal development, correla-
tions with the dynamics of abundance and composition
of phytoplankton, and changes in water temperature
were established, the time of bacterial generation was
determined, and work on identification of the species
composition of cultured microbial communities was
started (Egorova et al., 1952; Rodina, 1954; Kuznetsov,
1957; Kriss and Chebotarev, 1970). During this period
of microbiology formation in Lake Baikal, the microbi-
ologists from research institutions in Moscow and Len-
ingrad played the main role, using their knowledge and
experience.

Sanitary-bacteriological assessment of water
quality implies the determination of a set of sanitary
indicators — criteria reflecting the sanitary condition
of the water body under study - in accordance with
the requirements of regulatory documents. Sanitary
indicators are fecal indicator bacteria (FIB). They are
used worldwide to detect and prevent fecal contami-

© Author(s) 2023. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2023-A-6-164
mailto:podlesnaya@lin.irk.ru

Drucker V.V. et al. / Limnology and Freshwater Biology 2023 (6): 164-179

nation and associated risks to human health due to the
likely presence of pathogenic bacteria and viruses. FIB
include bacterial groups such as total coliform bacteria
(TCB), thermotolerant coliform bacteria (TCB), fecal
coliform bacteria (fecal coliforms), E. coli, Enterococci,
Bifidobacterium, Bacteroides, and Clostridium spp.,
which are widely distributed in the feces of humans
and most animals. Their levels in wastewater and feces
are relatively high, so they are usually detected when
fecal pollution is present in surface waters. Therefore,
surface waters are monitored using the FIB abundance,
for which standards are set by legislative documents
for assessing the quality of the waters used. Such water
quality studies were initiated much later in Lake Baikal.

2. Materials and methods

After the reorganization of Baikal Limnologi-
cal Station into Limnological Institute of the Siberian
Branch of the USSR Academy of Sciences in 1961 and
the foundation of the “Laboratory of Applied Microbiol-
ogy” in 1972, headed by M.A. Messineva (Cand. Sc. Biol-
ogy), who investigated microorganisms of sediments in
Lake Baikal in the 1950s (Messineva, 1957), research
of microorganisms of Lake Baikal became planned,
systematic, and comprehensive. Since the purpose of
our work is to analyze the conducted studies on san-
itary-bacteriological monitoring of Lake Baikal water
quality for the previous period of work and to develop a
scheme of it for the unique oligotrophic water body, we
do not list all microbiological works, as they are avail-
able on the website of Limnological Institute Siberian
Branch of the Russian Academy of Sciences, as well as
in the monograph-summary of microbiological studies
of water bodies and watercourses of the Baikal-Anga-
ro-Yenisei hydrosystem (Vinogradova et al., 2004).

In 2023, the Government of the Russian Federa-
tion approved a new Resolution No. 260 “Regulations
on State Environmental Monitoring of the Unique Eco-
logical System of Lake Baikal”, in which it established
the procedure for its implementation. In paragraphs
8 “d” and 11 “e” it is obliged to provide information
to “the federal state budgetary institution “Siberian
Branch of the Russian Academy of Sciences” in terms of
the results of observations of the state of Lake Baikal”.
In order to assess the previously conducted volumes
and periodicity of research on sanitary-bacteriological
monitoring of the Baikal ecosystem, as well as to discuss
the current use of specific standard and new indicators,
research methods, water sampling stations, seasons,
and the frequency of their sampling, which is necessary
for the development and implementation of the scheme
of microbiological monitoring itself, we have analyzed
the available published set of sanitary-bacteriological
studies of the lake.

3. Results and discussion

The analysis of the results of sanitary-bacterio-
logical studies of Lake Baikal showed that in this sci-
entific direction, single works started in connection
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with the construction of the Baikal Pulp and Paper
Mill (BPPM) only in the late 1960s of the last century.
Microbial communities of water and polluted sediment
in the area of the BPPM wastewater influence were first
described in 1970-1973 in the works of G.A. Goman
(1973). Works were then carried out in this area to
assess the abundance of anaerobic saprophytes, sulfate
reducers, and methanogens; rates of protein decompo-
sition, cellulose decomposition, sulfate reduction, and
methane formation were determined; and a forecast
was made about the deterioration of the ecological situ-
ation in case of further wastewater discharge (Namsar-
aev et al., 1995; Zemskaya et al., 1997).

The water quality of Southern Baikal and, mainly,
near the B. Koty settlement and the Baikalsk town was
investigated during this period by scientists of Research
Institute of Biology of Irkutsk State University (Maksi-
mova and Maksimov, 1989). Long-term results of these
authors™ studies showed stable differences in the Baikal
water quality during all periods: at the station “1 km
from the shore” of the B. Koty settlement, remote from
industrial and agricultural zones, water quality at all
depths was high, while near the Baikalsk town within a
radius of up to 10 km at all depths, water did not meet
standards for drinking water, recreational, and fishery
activities.

In 1993, the researchers of Limnological Institute
SB RAS, V.V. Drucker, T.Y. Kostornova, O.A. Molozha-
vaya, and V.A. Afanasiev, started and completed an
assessment of the water quality in the littoral and
pelagic zones of the whole Lake Baikal up to maximum
depths using sanitary-bacteriological indicators. It has
been found that the lake pelagic zone has high water
quality both at the surface and at all depths. Coastal
waters near all settlements have low quality, and E.
coli are detected in many samples. At the same time,
microbiological monitoring of the major tributaries of
Lake Baikal began to be conducted, which showed poor
water quality in the estuaries of the Selenga, Barguzin,
Bolshaya Goloustnaya, Turka, Tyya, Pereemnaya, and
Pokhabikha rivers entering the lake in spring (Drucker
and Maslenikov, 1998).

To determine the scope of distribution and iden-
tify opportunistic bacteria in the water of Lake Baikal
throughout its water area, the staff of the Laboratory of
Aquatic Microbiology of LIN SB RAS conducted for the
first time the intentional long-term studies in different
seasons of the year between 1997 and 2000 (Drucker
and Panasyuk, 2002; Panasyuk and Drucker, 2002).
Water samples were taken along standard hydrological
transects at the central deep stations at different hori-
zons and at the coastal stations near the western and
eastern shores: 1. Maritui settlement — Solzan settle-
ment; 2. Listvyanka settlement — Tankhoi settlement; 3.
Kadilny Cape — Mishikha settlement; 4. Kharauz Strait
- Krasny Yar Cape; 5. Anga River — Sukhaya River 6.
Boldakova River - Olkhonskiye Vorota Strait; 7. Ukhan
Cape - Tonkii Cape; 8. Pokoyniki Cape — Ushkan Cape;
9. Elokhin Cape - Davsha settlement; 10. Kotel nikovskii
Cape - Amnundakan Cape; 11. Baikal skoe village —
Turali Cape; 12. Zavorotny Cape — Sosnovka River; 13.
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Krestovy Cape — Khoboy Cape; 14. Tyya River — Nem-
nyanka River.

As a result of the studies, 898 strains of poten-
tially pathogenic bacteria (PPB) were isolated in the
littoral zone of the lake, which are representatives of
31 species belonging to the Enterobacteriacae family
and non-fermenting group of bacteria. The number
of studied bacteria increased in the water during the
summer and autumn periods and decreased during the
winter months. Opportunistic bacteria were unevenly
distributed throughout the lake's water area, and their
populations increased significantly at the locations
where untreated wastewater from different sources was
dumped. The greatest abundance and species diver-
sity of this group of bacteria are found in the water
of Southern Baikal - the Listvyanka settlement, Port
Baikal settlement, Baikalsk town; in Central Baikal —
Barguzin and Chivyrkuy bays, the Selenga river delta,
and Maloe More strait; in Northern Baikal — a section of
the Baikal-Amur railway. The studied group of bacte-
ria was not found throughout the entire water column
in the pelagic zone of the lake at various sites (more
than 30 stations). The dominant species of opportunis-
tic bacteria isolated from the littoral waters of the lake
were Pseudomonas aeruginosa, Enterobacter cloacae, Cit-
robacter freundii, and Burkhalderia cepacia. The oppor-
tunistic bacteria isolated from the Lake Baikal waters
have multiple antibiotic resistances, hemolytic activity
in human erythrocytes, the ability to cultivate at 37°C,
and, therefore, carry a potential epidemiological haz-
ard to public health (Drucker and Panasyuk, 2006).
The authors proposed to use additionally for sani-
tary-bacteriological control of the Baikal water quality
the detected potential-pathogenic bacteria, as well as
bacteria of the Enterococcus genus: E. faecium, E. avium,
E. faecalis, E. mundtii, E. hirae, E. durans, and E. galli-
narum, as specific indicators of fecal (untreated) water
inflow into the lake. Long-term studies have established
that the main sources of pollution in the Baikal waters
are untreated domestic wastewater from settlements
located on the shores of the lake, agricultural enter-
prises, and tourist complexes, which do not have sys-
tems of disinfection, utilization, and removal of waste-
water, as well as the increasing number of tourist boats,
which do not have tanks for collecting domestic and
bilge waters.

In 2000-2009, there was a trend towards an
increase in sanitary-bacteriological indicators in water
in the area of discharge of “decontaminated” wastewa-
ter from the Baikal Pulp and Paper Mill (Shchetinina et
al., 2013). In view of the deteriorating sanitary situa-
tion, the authors of the paper conducted studies on the
diversity and antibiotic resistance of bacteria isolated
from water in the most anthropogenically influenced
areas of the lake. Other authors have also found repre-
sentatives of sanitary-bacteriological pollution — bacte-
ria of the Enterococcus genus in the water of different
areas of Lake Baikal (Kravchenko, 2009).

In addition to these microorganisms, toxic cya-
nobacteria that are harmful to humans were discov-
ered in Lake Baikal water for the first time in Russia
during that time (Tikhonova, 2006; Belykh et al., 2013;
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Belykh et al., 2015). Different types and variants of
toxins and the genes that produce them were studied.
This new factor is crucial for the sanitary-bacteriolog-
ical monitoring of the Baikal water quality because
cyanobacterial blooms, which are currently the most
significant and recognizable effects of eutrophication
in water bodies worldwide, are already happening in
various regions of Lake Baikal. The concentrations of
microcystins and saxitoxins in samples of plankton and
benthos from the lake were determined, and the degree
of hazard of toxic cyanobacteria to human and animal
health was assessed. It is shown that “blooming” of
benthic cyanobacteria with the presence of toxin-pro-
ducing species, which started on Lake Baikal in 2011,
have now taken on the character of an ecological crisis
and may have caused mass mortality of Baikal sponges
(Belykh et al., 2017). In order to address the issue of
including these bacteria in the official documentation
on microbiological monitoring of the Baikal water qual-
ity, these new research findings unquestionably merit a
proper evaluation.

In recent years, the Lake Baikal ecosystem has
been undergoing serious ecological changes. Signs
of eutrophication - intensive development of algae
non-specific for the littoral of the lake, mass mortal-
ity of sponges, and blooming of toxic cyanobacte-
ria — have been observed in the coastal areas of some
regions (Timoshkin et al., 2016). The volume of dis-
charges of poorly treated and untreated wastewater
from settlements into the lake is growing, recreational
loads are increasing, and the number of tourist vessels
not equipped with tanks for collecting domestic and
bilge water has sharply increased. The number of tour-
ists coming to Lake Baikal in all seasons of the year
has increased manifold. Thus, in 2019, their number
reached 2.2 million. More than 40 zones of recreational
development have been formed directly on the lake
coast, where most of the tourist accommodation facili-
ties are concentrated: camping sites, hotels, and holiday
homes. Questions arise: how effectively do septic tanks
work in tourist recreation areas without damaging the
Baikal ecosystem? How often does “Rosprirodnadzor”
check the utilization of household and bilge water on
tourist motorboats?

Since 2000, Limnological Institute SB RAS has
developed a practice of conducting complex expedi-
tions throughout Lake Baikal, in which microbiologists
are constantly involved. It goes without saying that
expeditionary work throughout Lake Baikal has been
carried out before, but the complexity of the research
was limited by the lack of necessary instruments for
simultaneous collection of a large number of water and
sediment samples, rapid measurement of abiotic param-
eters to maximum depths, etc. To date, only Limnologi-
cal Institute has a research fleet equipped with the nec-
essary instruments for scientific limnological studies in
Lake Baikal. For this reason, sanitary-bacteriological
monitoring of the water quality of Lake Baikal and its
tributaries is carried out by the staff of the Laboratory
of Aquatic Microbiology of the Institute, which has all
necessary modern equipment and separate facilities for
sanitary-bacteriological monitoring of the Lake Baikal
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water quality by classical and modern molecular-bio-
logical methods. The Laboratory of Aquatic Microbiol-
ogy is accredited in the national system of Rosakkredi-
tation (No RA.RU.21JI102).

Sanitary-bacteriological monitoring of the Bai-
kal water quality carried out during 2010-2023 in the
annual spring (second half of May-early June), summer
(August), and autumn (second half of September) Cir-
cum-Baikal expeditions showed that FIB are constantly
present in the coastal part of the lake. Littoral zone of
the lake showed a significant amount of coliform bacte-
ria and enterococci in Listvyanka settlement, Baikalsk
town, Kultuk settlement — the southern part of the lake;
in the waters of the Maloe More and Olkhonskiye Vorota
straits and the Selenga delta — the central basin; in the
Severobaikalsk town, and the Zarechny settlement — the
northern part of the lake (Shtykova et al., 2016, 2018b;
Suslova et al., 2017; Podlesnaya et al., 2022). In 2011,
exceedance of the regulated water quality standards of
the Russian Federation was observed throughout the
entire pelagic zone of Lake Baikal, as well as in most
of its major tributaries. In 2012 and 2015, an exceed-
ance of sanitary-bacteriological indicators of pelagic
waters was observed only in the southern part of the
lake (Fig. 1). In September 2016, the maximum share
of water samples with a low self-purification coefficient
was recorded both in the pelagic zone (60%) and in the
river mouths (62.5%).

In the waters of the estuaries of rivers flowing
into the lake, the number of sanitary indicatory-groups
of bacteria in 2010-2020 was (Fig. 2), on average, by
one order more than their content in the pelagic zone
— the Goloustnaya, Buguldeika, Turka, Anga, Barguzin,
Sukhaya rivers, as well as the Selenga delta (Drucker
et al., 2022). The most unfavorable period for water
quality was in August 2011 and May-June 2012, when
the number of non-standard water samples was highest.
In August 2010, May-June 2014, and September 2017,
all river samples taken corresponded to “satisfactory”
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surface water quality indicators.

In 2022-2023, besides the standard sanitary-bac-
teriological monitoring studies, we tested additional
method — detection of fecal contamination using marker
probes for bacteria (inhabitants of human and animal
intestines), as well as detection of viral communities
in water. Moreover, in 2021 the grid of sampling sta-
tions included treated wastewater from the treatment
facilities of the Slyudyanka and Severobaikalsk towns,
analyzed according to SanPiN 1.2.3685-21 “Hygienic
standards and requirements to ensure safety and (or)
harmlessness of environmental factors for humans”.
Also, 10 samples of sediments were taken in the coastal
zone at various sites where tourists rest.

The results show notable exceedances of SanPiN
norms in both years of the most recent investigations
at 55 (170 water samples) and 59 (71 water samples)
sites for the primary sanitary-bacteriological indicators.
Thus, in 2023 these are the following areas the Baikalsk
town, the Babushkin, Listvyanka, Tankhoy, B. Goloust-
noye, and Posolsky Sor settlements, Peschanaya and Aya
bays, and the bays of Maloe More (Bazarnaya, Kurkuts-
kaya, Mandarkhan, Shida, and Khuzhirsky, Chivyrkuy
bay - Kurbulik, Monakhovo, and Arangatui). The high-
est levels of these bacteria were found in the Babush-
kin town (E. coli in 1.7 times, enterococci in 20 times),
the Listvyanka settlement (E. coli in 4 times, entero-
cocci in 4.7 times), Chivyrkuy Bay (E. coli in 5.2 times,
enterococci in 6.4 times) and Maloe More (enterococci
in 4-6 times). Six out of seven tributaries, the rivers
Pereemnaya, Snezhnaya, Solzan and Goryachiy Klyuch,
also had exceedance values, especially the Pokhabikha
(OCB in 11 times, E. coli in 58 times, Enterococci in 186
times) and the Medlyanka (OCB in 1.2 times, E. coli in
5 times, Enterococci in 63 times).

According to the results of analyses, the treated
wastewater from the Slyudyanka wastewater treat-
ment plant does not meet the requirements of SanPiN
1.2.3685-21 and exceeded the following indicators
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(OCB in 4200 times, E. coli in 17000 times and Entero-
cocci in 3600 times), which indicated the absence of
disinfection stages. Similar results were obtained for
the treated waste water from the waste water treatment
plant in the Severobaikalsk town in 2022. Studies of 10
samples of coastal sandy sediments from different areas
of Lake Baikal were characterized by different degrees
of contamination with sanitary-indicative bacteria and
enabled these areas to be classified into three groups
according to the degree of epidemiological hazard:
1. extremely dangerous - the Slyudyanka town;

2. dangerous - the Kultuk, Maksimikha, Kurbulik, and

Sakhyurta settlements, Aya and Zmeinaya bays;

moderately dangerous — the Baikalsk town, Khu-
zhir and B. Koty settlements.

Studies of the surface water in the pelagic zone
of Lake Baikal both in previous years and in this period
correspond to the norms of SanPiN 1.2.3685-21 and
MUK 4.2.1884-04 “Sanitary-microbiological and sani-
tary-parasitological analisis of water in surface water
bodies”, with single exceptions of samples for the num-
ber of OCB in 2011-2012, 2015, 2019, 2021-2022.

A collection of 172 cultured opportunistic bac-
terial strains isolated from the Lake Baikal plankton,
epilithon, treated wastewater and coastal sediments of
the lake was created. Sixty-two strains isolated from
biofilms and surface water samples were analyzed by
modern identification methods (molecular-genetic and
mass-spectrometry analyses) (Shtykova et al., 2018a;
Shtykova et al., 2020). A total of 18 genera and 21 spe-
cies of opportunistic bacteria were identified by this
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method. Among them are representatives of the order
Enterobacterales of the genus Yersinia, Citrobacter, Esch-
erichia, Hafnia, Leclercia, Lelliottia, Enterobacter, Shigella,
of the order Pseudomonadales of the genus Pseudomo-
nas, Acitrobacter, of the order Bacillales of the genus
Bacillus, Exiguobacterium and Staphylococcus, of the
family Aeromonadaceae of the genus Aeromonas, of the
family Enterococcaceae of the genus Enterococcus, of
the family Aerococcaceae of the genus Aerococcus, fam-
ily Comamonadaceae of the genus Delftia, of the family
Xanthomonadaceae of the genus Stenotrophomonas.

Species of opportunistic bacteria dangerous for
human and animal health were isolated from different
places throughout littoral zone of Lake Baikal. Thus,
bacteria of the genus Aeromonas are the most wide-
spread, were found in Maloe More Strait in Bazarnaya
Bay and in Khuzhir-Nagaysky Bay, in Khool Bay, near
the Khuzhir, Listvyanka settlements, B. Koty, and B.
Goloustnoye settlements, and in Aya Bay. Bacteria
of the genus Enterococcus are found in many bays of
Maloye More. The strains of E. coli were detected in
different water areas of the lake — in bays of Mukhor
and Khool, near the settlement of B. Koty, and near the
Ushkan Islands. We took into account that from 2022,
according to new changes in SanPiN 1.2.3685-21, E.
coli bacteria and enterococci are obligatory indicators
in the sanitary-microbiological assessment of water
quality.

In 2021-2023, wastewater samples were taken
after the treatment facilities in the Slyudyanka and
Severobaikalsk towns, low efficiency of disinfec-
tion and inflow of opportunistic and pathogenic bac-
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teria into Lake Baikal were revealed (Potapov et al.,
2023). Seventy bacterial strains isolated from water
and 17 strains from wastewater treated at Slyudyanka
treatment plant were subjected to antibiotic sensitiv-
ity tests, and the results revealed antibiotic resistance
to all tested broad-spectrum antibiotics used to treat
infectious diseases (penicillins, cephalosporins, car-
bapenems, macrolides, aminoglycosides, tetracyclines,
nitrofurans, etc.).

4. Conclusion

Analysis of the results of sanitary-bacteriologi-
cal monitoring for the previous and present centuries
clearly indicates a decrease in water quality in the
coastal zone of Lake Baikal, as well as in the tribu-
taries of its southern basin: the number of OCB, TCB,
and enterococci has increased, exceeding the require-
ments of SanPiN 1.2.3685-21. Over the last decade,
an increase in the number of enterococci was seen in
the lake's deep-water area. The results obtained indi-
cate that untreated or insufficiently treated wastewa-
ter flows into the rivers and the lake itself. According
to sanitary-microbiological analyses, the Slyudyanka
and Severobaikalsk wastewater treatment plants were
inefficient during the studied period. Wastewater from
the outlet pipes of the waste water treatment plants did
not meet the requirements of SanPiN 1.2.3685-21, the
number of coliform bacteria exceeded the normative
values. A collection of 172 culturable opportunistic
bacteria isolated from the Lake Baikal water, treated
waste water and coastal sediments of the lake was cre-
ated.

We propose the “Scheme of sanitary-bacterio-
logical monitoring” as a result of the analysis of long-
term studies of sanitary-indicative microorganisms in
Lake Baikal, which calls for the determination of the
water quality of the littoral and pelagic parts to be done
throughout the year in all four seasons: winter (March),
spring (late May-early June), summer (August), and
autumn (late September-early October) (Fig. 3). The
problem of preserving high-quality water is of great
practical importance for Lake Baikal, which contains
20% of all fresh water on Earth, at the current time of
global warming and increasing anthropogenic (biologi-
cal and chemical) impact; regular sanitary-bacteriolog-
ical monitoring will rapidly and reliably show trends in
the trophicity of its ecosystem. The obtained data con-
firm that the waters of Lake Baikal are subjected to an
intensive anthropogenic load, which has been steadily
increasing in recent years. The distribution of FIB has an
irregular, local character, caused by localization to the
places of anthropogenic influence on the lake, which is
also confirmed by the results of chemical analysis of the
waters. The maximum number of sanitary-indicative
bacteria is observed in the estuaries of rivers, gradu-
ally decreasing as the river water spreads into the lake.
Based on the results of recent studies, it is suggested
that under the influence of anthropogenic factors in
coastal zones, there is a shift of autochthonous micro-
biota towards allochthonous microbiota characterized
by high resistance to antibiotics. The introduction of
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Fig.3. The scheme of sanitary-bacteriological mon-
itoring of Lake Baikal. River stations: 1 — Goloustnaya, 2 —
Bugul’deika, 3 — Anga, 4 — Kuchulga, 5 — Sarma, 6 — Rel’,
7 — Tyya, 8 — Kichera, 9 - V. Angara, 10 — Tompuda, 11 -
Barguzin, 12 — Turka, 13 - Selenga, 14 — Mysovka, 15 — Per-
eemnaya, 16 — Snezhnaya, 17 - B. Osinovka, 18 — Solzan,
19 - Slyudyanka, 20 — Pokhabikha, 21 - Kultuchnaya, 22 —
Medlyanka. Pelagic stations: 1 — 12 km from Kultuk, 2 - 3
km from Maritui, 3 — Maritui-Solzan, 4 — 3 km from Solzan,
5 - 3 km from Listvyanka, 6 — Listvyanka-Tankhoi, 7 — 3 km
from Tankhoi, 8 — Krasnyi Yar-Kharauz, 9 — Anga—Sukhaya,
10 - Boldakova-Malye Olkhonskie vorota, 11 — 3 km from
Ukhan, 12 - Ukhan-Tonkiy, 13 — 3 km from Tonkiy, 14 — 7
km from Izhimei, 15 — Khoboi-Krestovyi, 16 — Barguzin Bay,
17 — Academicheskiy Ridge, 18 — Chivyrkui Bay, 19 — Sol-
nechnaya-Ushkanyi Islands, 20 - Zavorotnyi-Sosnovka, 21
— 3 km from Elokhin, 22 — Elokhin-Davsha, 23 — 3 km from
Davsha, 24 — Kotelnikovskiy-Amnundakan, 25 — 3 km from
Baikalskoe, 26 — Baikalskoe-Turali, 27 — 3 km from Turali,
28 — Tyya-Nemnyanka, 29 — 7 km from Nizhneangarsk, 30
— Aral-Khoboy, 31 — Maloye More Strait, 32 — Malye Olkhon-
skie vorota. Coastal stations: 1 — Listvyanka, 2 — B. Koty, 3 — B.
Goloustnoe, 4 — Peschanaya Bay, 5 — Aya Bay, 6 — Tutaiski
Bay, 7 - Bazarnaya Bay, 8 — Shchuchiy Bay, 9 — Radost‘ Bay,
10 — Kurkut Bay, 11 - Burlyuk Cape, 12 — Chukotka Bay, 13
— Mandarkhan Bay, 14 — Zuun-Khagun Bay, 15 — Baruun-Kha-
gun Bay, 16 — Shida Bay, 17 - Ulirba Cape, 18 — Khuzhir-Nu-
gai Bay, 19 — Sarma, 20 — Mukhor Bay, 21 - Irkutskaya guba
Bay, 22 — Tutyrkhey Bay, 23 — Kharin-Irgi Bay, 24 — Khool
Bay, 25 — Khytyrhey Bay, 26 u 27 — Zagli Bay, 28 — Khuzhir,
29 — Elokhin Cape, 30 - Severobaikalsk, 31 — Frolikha Bay,
32 - Ayaya Bay, 33 — Khakusy Bay, 34 — Monakhovo, 35 -
Kurbulik, 36 - Zmeinaya Bay, 37 — Peshcherka Bay (Ushkany
Islands), 38 — Maksimikha, 39 — Turka, 40 — N. Enkhaluk, 41
— Posol’skiy sor, 42 — Babushkin, 43 — Tankhoi, 44 — Vydrino,
45 - Baikalsk, 46 — Slyudyanka, 47 — Kultuk. Termal springs
stations: 1 — Khakusy, 2 — Zmeinyy.
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antibiotic-resistant strains into environmental objects
maintains the pool of resistant strains due to the trans-
fer of resistance genes among autochthonous bacterial
communities in the ecosystem. The transfer of antibi-
otic resistance genes into communities has received
worldwide attention. The spread of such genes among
bacteria is known to increase morbidity and mortality
from the infections they cause. If there are additional
factors contributing to the persistence and multiplica-
tion of PPB and if there are no community treatment
facilities, the self-cleaning capacity of the lake coastal
waters may be reduced to such an extent that their use
becomes epidemiologically unsafe. This requires the
development of a water quality management strategy
for Lake Baikal.
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AHHOTAIIN L. [IpoBeiéH aHa/IM3 CAHUTAPHO-0AKTEpPUOJIOTMIECKON OlIEeHKH KauyeCcTBa BOABI JIMTOPAJIHN
U nesjaruaay osepa balikai 3a Bech neproj MUKPOOHOJIOTMYECKUX HCCIeJOBaHUI dKOCUCTEMEL. Y CTa-
HOBJIEHO, YTO IIOAOOHBIE MCCJIeAOBaHUA B MPOILIOM BeKe ObUIM €JWHHUYHBIMU M TOJIBKO C KOHIIA ero
OHU CTaJIX IPOBOAUTHCS I10 BCEMY 03€py, a B HacTosll[ee BpeMs1 UCCIIeJOBaHUA ITPOBOLATCSA €XEr0HO B
BECEHHUH, JIETHUI 1 OCEHHUM NIeproAbl 10 Bcell akBaTopuM balikasia 1 B yCTheBBIX y4acTKaX KPYIHBIX
IPUTOKOB. OLleHEeHO KayeCcTBO BOA 0O3epa, YCTAHOBJIEHBI HeOJIaromnoJiyyHble paliOHBI B JIMTOPAaJIbHON
YacTH Mo npeBbimeHn0 HopMaTtuBoB CaHIIuH. B 2021-2023 rr. oro6paHsl IpoObl CTOYHBIX BOJ IOCJIE
IIPOXOXAEH!s OYMCTHBIX coopyxeHul B rr. Cmoganke u CeBepobalikajbCKe, yCTaHOBJIEHA HU3Kad
3¢ eKTUBHOCTh 00e33apaXMBaHWsA U MOCTYIIEHHE YCJIOBHO-NATOre€HHBIX W MAaTOreHHBIX OaKTepuil B
barikan (6akTepuasnbHOe 3arpssHeHue). IlpeayioxeHa cxema U MepUOJUYHOCTb NPOBeeHUA CaHUTAp-
HO-0aKTepHOoJIOrN4ecKoro MOHUTOPHHIa dKOCHCTeMEl 03. balikai.

Kitiouegewie cstoda: o3epo batikas, caHUTapHO-TIOKa3aTesbHble OaKTepur, KaueCTBO BOBI, CXeMa CAaHUTAPHO-
0aKTepHUOJIOTUYeCKOr0 MOHUTOPHUHTA

1. BBeaenue

[ToBepxHOCTHBIE BOABI Hallell IIJIaHETH: 03€epa,
BOJIOXPaHWJININA, PeKH, TakkXe KaKk MOps U OKeaHHI,
MOJBEPralTcA MOCTOSIHHOMY aHTPOIOreHHOMY BO3-
nerictBuio. He wm3bexasa 3TOro BJIUAHUS U DKOCU-
cteMa o3epa batikas, BkiroueHHad B 1996 r. B Cnmcok
00BEeKTOB BCceMHpHOro npupogHoro Hacieaus HOHE-
CKO B cuJly cBOeH YHUKaJIbHOCTHU M YMCTOTH BOA. Bo
BCeM MHpe HabmofaeTcsa yxXyAlleHre 3KOJIOTMYecKoro
COCTOSAHMA IIPECHBIX BOJOEMOB — OCHOBHBIX HCTOY-
HUKOB IMTHEBON BOJIBI, YTO MPHUBOAUT K HAPYHIEHUIO
3BOJIIOIIOHHO CJIOXUBIIMXCA MHKPOOUOLIEHO30B U
Pa3BUTUIO B HUX YCJIOBHO-NIATOI€HHBIX U IMATOT€HHBIX
6akrepuii. biarogaps HEOOBIYHOY KOHKYPEHTOCIOCO0-
HOCTU, BEIpaOOTAHHOM 3a 3 MJIPA. JIeT CyIleCTBOBaHUAA,
MHKPOOPraHNU3MBI MOT'YT IIOCEJIAThCA BO BCEX 3KOJIOTHU-
YeCKUX HUIIAX — OT MOJIAPHBIX PErMOHOB JI0 MyCTHIHb.
Boga — ogHa u3 HauboJiee 0JIarONpUATHBIX Cpef o0u-
TaHUA OJIA HUX, B BOAHBIX 3KOCHCTeMax MMKpoOopra-
HU3MBbI JOCTUTAIOT BBICOKON YKCJIEHHOCTH, SABJIAACH
onpefesIAnIINMA 1 HeOOXOAUMBIMU 3BEHbAMU KPYTO-
BOpOTa XMMHUUECKUX 3JIEMEHTOB, o0eclieurnBas nporecc
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HEIIPEPHIBHOIO CO3aHMsA U JeCTPYKIUY OPraHUYECKUX
BEIlleCTB B pe3yJIbTaTe B3aUMOCBA3aHHOI0 QYyHKIVIOHU-
pOBaHUA.

MukpobuoJsiornyeckue HCCJIeOBaHUA  BOJBI
u rpyHroB balikasa mpoBopaTca yxe okosio 100 jer
(Acuutckuit u ap., 1927; HeuaeBa u CamumoBckas-Po-
nuHa, 1935; Kysneros, 1951; PomanoBa, 1958; u ap.).
B nocnenyromuye roas! ObIJIM U3y4YeHBl YWCJIEHHOCTh U
6uomacca 0aKTepHOIIAaHKTOHA He TOJIbKO B I0KHOM
yacTU O3epa, HO W IO BCeW akBaTopuu bBarikana, mx
MEXTo[0BasA AUHAMUKA U BepTUKAJIbHOE paclpejese-
HHe, YCTaHOBJICHBI IMKU B CE30HHOM Pa3BUTUM, CBA3U
¢ AVHAMUKOM 4YKCJIEHHOCTHM U cOocTaBoM (GUTOILJIaH-
KTOHQ, C M3MEHEHUsAMHU TeMIepaTyphl BOABI, OIpefe-
JleHO BpeMs reHepanuu OakTepuli, HauaTa pabora 1o
naeHTUUKaAIU BHUIOBOTO COCTaBa KyJIbTUBHUPYEMBIX
MUKpOOHBIX coobmiecTB (KysHeros, 1957; Eroposa u
ap., 1952; Poguna, 1954; Kpucc u Ye6otapes, 1970).
B 3TOT nepuop craHoBJIeHUA MUKpoOuosioruu Ha Baii-
KaJjie TIJIaBHYI0 POJIb CHIFpajiM CHIEeNUaJINCTh-MUKPO-
61oJIoryM U3 Hay4YHO-HCCJIe0BaTeIbCKUX yUpeXJeHUN
rr. Mockshl u JleHMHrpaja, UCIoJib3ysl CBOU 3HAHUA U
OIIBIT.

© Asrop(s1) 2023. DTa pabora pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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CaHuTapHO-0aKTepuroJIorhuyecKkas olleHKa Kadye-
CTBa BOABI NOJIpa3yMeBaeT oOlpefesieHre COBOKYIIHO-
CTU CaHUTApHBIX IIOKasaTesell — KpUTepueB, oTpaxa-
IONIMX CaHUTapHOE COCTOsSHNE UCCIIeyeMOro BOJHOIO
0o0beKTa B COOTBETCTBUM C TpeOOBaHUAMU HOPMAaTHB-
HBIX JOKyMeHTOB. CaHUTapHBIMM IOKa3aTessAMHU CJIy-
xkaT (pekanbHble HHAVKaTOpHEIE 6akTepun (OUDB). OHu
HCIOJIb3YIOTCA BO BCEM MUpe [AJIA BBIABJIEHUA U NIpeay-
npexzaeHusa (peKaJbHOTO 3arps3HEHUA U CBA3AHHOIO C
HUM pUCKa AJIA 340POBbsA YeJIOBeKa B CBA3U C BEPOAT-
HBIM IIPUCYTCTBHEM MaTOTeHHBIX OakTepuil U BUPYCOB.
@®UDB BKIIIOYAIOT Takye Ipynmnbl OakTepuil, Kak oOmue
xosuopmusle Gaktepun (OKB), TepMoTOJiepaHTHbIE
kombopmurele Oaktepuu (TKB), ¢ekasbHble KOJIH-
dopmusie G6aktepuu (fecal coliforms), E. coli, sHmepo-
Kokku, Bifidobacterium, Bacteroides, Clostridium spp.,
KOTOPBIE NIMPOKO paCIPOCTPaHEeHH B eKaausax JIofei
1 OOJIBIIMHCTBA JXKMBOTHHIX. X YPOBHM B CTOYHBIX
BoAax U (deKkanuax CpPaBHUTEJIBHO BBICOKH, IO3TOMY
OHU OOBIYHO OOHapPYXMBAIOTCA NPU HaJIN4UU (peKayb-
HOT'O 3arpsA3HEeHUs B IIOBEPXHOCTHBIX BoAax. [Tostomy
MOBEPXHOCTHBIE BOABI KOHTPOJIUPYIOTCA € UCIOJIb30Ba-
HHeM umncyieHHocTu ®OUDB, i KOTOPBIX yCTAaHOBJIEHBI
HOpMAaTHUBhl 3aKOHOAATEJbHBIMU AOKYMEHTaMU MJis
OIleHKM KayecTBa HCINOJIb3yeMbIX BoA. Ha osepe Baii-
Kaj momoOHBle MCCIleJOBaHUA KadecTBa BOJBI OBLIIU
HayaThbl 3HAYNUTEJIbHO MO3Xe.

2. MaTtepunanbl 1 MEeTOADI

[Tocnie peopranusaiuu B 1961 r. Baiikajbckoi
JIMMHOJIOTUYECKOU CTaHUMU B JIMMHOJIOTUYECKU
uHctutyT CO AH CCCP 1 co3ganus B 1972 rofy «Jj1abo-
paTopun TpPUKJIAJHOU MHUKpPOOUOJIOTUN», KOTOPYIO
Bo3rjiaBmia k.6.H. M.A. MeccuHeBa, enie B 50-e rofnl
nucciaeoBaBmas Ha balikajse MHUKpPOOpPraHU3MBI T'PyH-
ToB 03epa (MeccuHeBa, 1957), ucciieqoBaHus MUKPO-
opraHusMoB o03. balikan cranu NJIaHOBBIMH, CHCTe-
MaTHYeCKMMHM M KOMILJIeKCHBIMU. IIOCKOJIBKY Iiejib
Hamel paboThl — aHaJIM3 MPOBEAEHHBIX HMCCIeqOBAHNN
10 CaHUTApPHO-0aKTEepHUOJIOTHYECKOMY MOHUTOPUHTY
KadecTBa BOAbl 03. balikan 3a mpefuiAymuil Mepuof
paboT u pa3paboTka CXeMBl ero AJi YHUKAJIbHOTO OJIU-
rorpodHOro BogoemMa, Mbl He NMPUBOAUM CIIMCOK BCEX
MHKPOOMOJIOTUYEeCKNX paboT, Tak Kak OH HMeeTcs
Ha caure JlumHosgorndeckoro nHerurtyta CO PAH, a
TaKke B MOHOIrpaduu-cBOJKE MHKPOOHOJIOTHYECKUX
HCCJIeJOBaHU BOJOEMOB M BOJOTOKOB bBarikajio-AH-
rapo-Enucericko ruzpocucteMsl (BuHorpaziosa u ap.,
2004).

[IpaButenbctBOo PO B 2023 1. yTBEpAUIIO HOBOE
IToctanosiienne N 260 «IlojiokeHUe O rocyapCTBeH-
HOM 5KOJIOTHY€CKOM MOHUTOPUHIe YHUKAJIbHOU 5K0JIO-
TUYecKol cucTeMnl o3epa balikas», B KOTOpOM yCTaHO-
BUJIO MTOPAJIOK OCYIEeCTBJIEHUsA ero, rae B . 8 «a» u 11
«e» 00s3aJ10 IpejoCTaBJIATh, HHPOpMaIHo «peaepasib-
HBIM TOCYJApCTBEHHBHIM OIO[I)KETHBIM yUpexXxAeHneM
«Cubupckoe oraeseHue Pocculickoll akageMuy Hayk»
B 4YaCTU pe3yJIbTaToB HaO/I0OAeHUIH 3a COCTOSHUEM
o3epa batikan». 1714 OLleHKU pOBeAeHHBIX paHee 00b-
€MOB U 4acCTOTHI HCCJIeJOBAHUIU 10 caHUTapHO-OakTe-
pUOJIOTHYECKOMY MOHUTOPUHIY 3KOCHCTEeMHI Baiikaa,
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a Takxe JJis 00CYXIeHHs UCTI0Ib30BaHUsA B HACTOSAIIEe
BpeMs KOHKPETHBIX CTAHIAPTHBIX M HOBBIX IOKa3aTe-
Jeli, MeTooB MCCJefOBaHMl, CTaHIUIl oTbopa mpob
BO/IbI, BpEMEH I'of]a M 4aCTOTH OTOOpA UX, YTO HEOOXO-
MO [J1s1 pa3paboTKU ¥ BHEIPEHUSI B PAKTUKY CXEMBI
CaMOro MUKPOOHOJIOrNYECKOTO MOHUTOPUHTA, MBI ITPO-
aHaJM3MpPOBAIM UMEIONIUNCA OMyOJIMKOBAHHBIN Mac-
CUB CaHUTAPHO-0AaKTEPUOJIOTUYECKUX WCCIJIeOBAaHUN
o3epa.

3. Pe3ynbTaTthbl H 06Cy)KAEeHHMe

AHanu3 pe3yJbTAaTOB IMPOBEJEHHBIX CAHUTap-
HO-0AaKTepUOJIOTUYEeCKUX  UCCliefoBaHMI  Balikasa
MoKasaJl, YTO B 3TOM HAyYHOM HalpaBJIEHUW eJUHUY-
Hbele paboOThl HAYAJINCh B CBSA3U CO CTPOUTEIHCTBOM
BaiikaysibCKOro 1eJUTI0JIO3HO-O0YMaxXHOTO KOMOHHAaTa
(BLIBK) TosbKO B KOHIlE 60-X T'OJIOB MPOILIOTO CTOJIE-
TUA. BriepBble onmucaHrie MUKPOOHBIX COOOIIECTB BOIbI
U 3arpsI3HEHHOTO TPYHTA B paliOHe BJIMAHUSA CTOYHBIX
BoA BLIBK gano B 1970-1973 rr. B pabortax I''A. T'omaHa
(1973). BrmocsieAcTBUM B 3TOM paliOHE BBIOJTHEHBI
paboTHl MO OIleHKE YHCJIEHHOCTU aHa’pPOOHBIX CaIpo-
dutos, cysbpdaTpeayKTOPOB, METAaHOT€HOB, yCTAHOB-
JIEHBI CKOPOCTH pa3JioxkeHusA OeJiKa, eJITI0JIO3b, CyJIb-
daTpenykiun, oOpa3oBaHUA MeTaHa, cAejiaH MPOrHO3
00 yXyAIIeHU 3KOJIOTUYECKONH 06CTaHOBKU MPU JIAJTh-
HetimeM cOpoce cTouHbix Bojl (Hamcapaes u ap., 1995;
3emckas u ap., 1997).

KauectBo Bombl FOxHOro Batikana u, rJiaBHBIM
o6pasomM, y noc. bos. Kotwl u y r. Batikasibcka uccie-
JoBajid B 3TOT IEepUOJ HayyHble coTpyaHuku HHUU
Buosornu MpKyTCKOTO TOCyJapCTBEHHOTO YHUBEPCU-
teta (MakcuMmoBa u MakcuMoB, 1989). MHoroJjieTHHE
pe3yJIbTaThl WCCJEJOBAHUI 3TUX aBTOPOB IOKa3aJiv
cTabujIbHBIE pa3iMuyusA KadecTBa OaliKasIbCKOU BOBI
BO BCce IMepuOojbl: Ha cTaHIuu «1 kM OoT OGepera» moc.
Boui. KoThl, yqaJleHHOU OT MPOMBIILIEHHBIX U CEJThCKO-
XO3AMCTBEHHBIX 30H, KAYECTBO BO/IBI HA BCEX TTyOMHAxX
OCTABAJIOCh BBICOKMM, B TO BpeMs Kak y I'. BalikaJibCcK B
paguyce mo 10 KM Ha Bcex ITyOMHAX BOJla HE COOTBET-
CTBOBaJIa CTaHAApTaM Ha IUTHEBYIO BOAY, peKpearu-
OHHYIO U PBI00O-X03AUCTBEHHYIO AeATETbHOCTD.

OrneHKy KauyecTBa BOJ Bcero Balikajia B JIMTO-
PaJIbHOU €ro YacTy U B MeJIaTUaIN J0 MaKCUMAaJIbHbIX
JIyOMH IO CaHWTapHO-0AKTEpPHOJIOTMYECKUM IOKa3a-
TeJIAM Hadaju UcciaefoBaTh U Aanu B 1993 r. HayuHble
corpyaHuku JluMmHosiorndeckoro uHcturyta CO PAH
B.B. dptokkep, T.A. KoctopHoBa, O.A. MoJioxaBas, B.A.
Adanacees (1993). BbLI0 YyCTaHOBJIEHO, YTO TeJIaTaTh
0o3epa MMeeT BBICOKOE KauyeCTBO BOJBI KaK Ha IMOBEPX-
HOCTH, TAaK U Ha Bcex ITyOuHax. [IpubpexHbie xe BOJIbI
y BCEX HaCeJIEeHHBIX MyHKTOB MMEIOT HU3KOe KauyecTBO,
BO MHOTruX mpobax Oblla obHapyxeHa E. coli. Ommo-
BPEMEHHO CTaJI MIPOBOAUTHCSA U MUKPOOMOJIOTUYECKU
MOHUTOPUHT KPYIHBIX IPUTOKOB 03. Balikasi, KOTOPBIA
MoKa3aJl HU3KOe KayeCTBO BOJBI B YCThEBBIX yYaCTKaX
pp. Cenenra, baprysuH, Bou. l'osoyctHas, Typka, Thid,
[Nepeemnas, [Toxabuxa, mocTynarwiieii B 03epo B BeCeH-
Hull nepuoy ([prokkep u MacyienHukos, 1998).

B 1997-2000 rr. cotpynHukaMmu JiabopaTopuu
BoaHOU Mmuxkpo6buosiornu JIMH CO PAH 6wuiu Brnep-
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BBl IleJIeHApaBJeHHO MpOBeNeHBl MHOTrOJIeTHHE
HCCJIeIOBAaHNA B pa3JjIMuHBIe CE30HHBI rofa MO BBISCHE-
HHUI0 Maciitaba pacrnpocTpaHeHHsa U HWAeHTU(UKaIUu
YCJIOBHO-IAaTOTeHHBIX OakTepuil B BoJe o3epa baiikan
1o Bceil ero akBatopuu ([piookkep u ITaHaciok, 2002;
IManactok u [prokkep, 2002). [TpoGbl BOABI Havau
oTOUpaTh MO CTaHAAPTHBIM TUAPOJIOTUYECKUM paspe-
3aM Ha I[eHTpPaJIbHBIX TTyOMHHBIX CTAQHLUMAX IO pas-
JIMYHBIM TOPU30HTAM M Ha MPUOPEXHBIX CTAaHIUAX Yy
3amagHoro 1 BoctoyHoro Geperos: 1. m. Mapuryii — 1.
Couzan; 2. m. JluctBaHka — n. Tauxoii; 3. m. Kaguib-
HbBIN — 1. Mummuxa; 4. np. Xapay3 — M. Kpacusiii fAp; 5. p.
Awnra - p. Cyxas; 6. p. BoigakoBa — npoJji. OJIbXOHCKHE
BOpPOTA; 7. M. YXaH — M. ToHkuii; 8. M. [IOKOVHUKY — M.
Ymkanuii; 9. M. Enoxun — n. {aBma; 10. M. KotenpHu-
KOBCKUIM — M. AMHyHAakaH; 11. c¢. Balikajgbckoe — M.
Typamnu; 12. M. 3aBopoTHBIN — p. CocHOBKa; 13. M. Kpe-
CTOBBIN — M. X06011; 14. p. Teia — p. HemHsAHKa.

B pesysbTaTe npoBeeHHBIX UCCJIEJOBAHUN B
JIUTOPAJIbHOM 30He o3epa ObLIO BeIAesieHO 898 mTam-
MOB TOTEHI[MAJIbHO-NIATOTeHHbIX Oaktepuii (I1I1B),
ABJIAIIIUXCA IpefcTaBuTesiaMu 31 Buaa, OTHOCAMIUXCA
K ceMelicTBy Enterobacteriacae u HedbepMeHTUPYIONEL
rpynmie 6aktepuil. KojiuuecTBo M3ydeHHBIX OakTepuil
3aKOHOMEPHO IMOBHIIAJIOCh B BOJie B JIETHE-OCEHHUN
nepuoA U yMeHbIIaJIoCh B 3UMHUe MecAlbl. Pacnpene-
JIeHHe yCJIOBHO-NIaTOTeHHBIX OaKTepuil o BCeil akBaTo-
puu o3epa ObLII0 HEpaBHOMEPHOE - 3aKOHOMEPHO OTMe-
Yaji0Ch 3HAUYUTEJIbHOE TOBBIIIeHNEe WX YKUCJIEHHOCTU B
MecTax cOpoca HeOUUIIeHHBIX CTOKOB pa3HOOOPa3HOro
npoucxoxaeHus. Hanbosibinas 4ncIeHHOCTb U BU0BOE
pa3HooOpa3ue 3TOi Ipynnsl OakTepHril yCTaHOBJIEHHI B
Bofe FOxHoro Batikasa: nmoc. JluctBsaHka, nopT batikai,
r. Batikanbck; B CpenHeM batikane — bapry3suHckuil u
UuBBIpKYHCKUI 3anuBH, AesibTa p. CeseHru, Masoe
mope; B CeBepHoMm Bailikase — yuactok bBafikaso-A-
MYpCKOHN Maructpaiau. B mesarnanu osepa usyyeHHas
rpymma 6akTepuii He 0OHapyXeHa Mo BCel TOJIIe BOABI
Ha pa3JIMYHBIX yyacTkax (6ostee 30-tu cTaHIuil). JJoMu-
HUPYIOIUMU BUJaMHU yCJIOBHO-ATOT€HHBIX OaKTepUii,
BBIZIEJIEHHBIMU W3 BOJ JIMTOPAJbHOM 4YacTU 03epa,
obuti: Pseudomonas aeruginosa, Enterobacter cloacae,
Citrobacter freundii, Burkhalderia cepacia. YcnoBHO-na-
ToreHHble OaKTepuu, BhIAEJIEHHbIe U3 BOA 03. balikau,
0o6s1alal0T MHOXXECTBEHHON aHTUOMOTHUKOPE3UCTEHT-
HOCTBIO, TEMOJIUTUYECKON aKTHUBHOCTHIO K 3PUTPOILU-
TaM 4eJIOBeKa, CIOCOOHOCTBI0 K KyJIbTUBHPOBAHUIO
npu 37° C u, cjiefoBaTeJIbHO, HECYT MOTeHI[UAIbHYI0
3MMIEMUOJIOTUYECKYI0 OMACHOCTD JJIA 3[J0POBbA Hace-
nenus (Drucker and Panasyuk, 2006). ABTopamu GbLI0
NpeJI0’KeHO OIMOJIHUTEIbHO HUCIO0JIb30BaTh U1 CaHU-
TapHO-0AKTEpPHOJIOTNYECKOr0 KOHTPOJIA KadecTBa BOJ
batikasia oOHapyXeHHble NOTEHIIMAJIbHO-IaTOTeHHbIe
bakTepun, a Takxe Oaktepumu poga Enterococcus: E.
faecium, E. avium, E. faecalis, E. mundtii, E. hirae, E.
durans, E. gallinarum, xak creruuyeckrie NHIUKATOPHI
MOCTYIUTEHUs. B 03epo (eKaJbHbIX (HEOUYUIEHHBIX)
BoJ. MHOroJIeTHUMU HCCJIeJOBAaHUAMU OBLIIO YCTaHOB-
JIeHO, YTO OCHOBHBIMHU MCTOYHUKAMM 3arpsA3HEHNA BOJ
Balikaja ABJIAIOTCA HEOUUI|eHHbBIE XO3SAHCTBEHHO-OBI-
TOBble CTOYHBIE BOABI HacCeJIeHHBIX MYHKTOB, pacIo-
JIO)KEHHBIX Ha Oeperax o3epa, CeJIbCKOXO3ANCTBEHHBIX

174

HNpeANnpUATUI, TYPUCTUYECKNUX KOMILJIEKCOB, KOTOpDBIE
He UMeIT cucTeM o0e33apaXuBaHUsA, YTUIN3AIUU U
BBIBO3a CTOYHBIX BOJ, & TaKXe yBeJMUMBAIOIAACA YHC-
JIEHHOCTb TyPUCTUYECKNX KaTepoB, KOTOPbIe HE NUMEIOT
e€MKOCTel 1A c6opa OBITOBBIX U MOJICJIAHEBBIX BO.

B 2000-2009 rr. Habjiofasiach TeHIEHIUS K
YBEJIMUEHUI0 CaHUTapHO-0aKTepHOJIOTHYeCKUX IIOoKa-
3aTesiell B BoAe B paiioHe cOpoca «o0e33apa’keHHBIX»
CTOYHBIX BOJl BaliKasbCKOro IesuTsI03HO-0yMaKHOTO
kombuHarta (IletuHuna u Ap., 2013). B cBA3u ¢ yxya-
IeHrueM CaHWTapHOW OOCTaHOBKU aBTOpaMu paboOThHI
OBLIIN TPOBeAEHHI MCCIIeJOBaHNA 10 N3YUYEeHHNI0 Pa3HOO-
Opasusa U aHTUOMOTHUKOYCTOMYMBOCTU OaKTepuii, BbIje-
JIEHHBIX U3 BOABI, B HauboJiee MOABEPXEHHBIX aHTPO-
MIOTeHHOMY BJIMSAHUIO palioHax o3epa. J[pyrue aBTOpPHI
Takke OOHapyXuBajiW B BOJE pPAa3JIMUYHBIX PaliOHOB
bBaiikana mpexacrtaBuTesiell caHUTapHO-O0AKTEPHOJIOTH-
4ecKoro sarps3HeHusA — Oakrepuil poaa Enterococcus
(KpaBuenko, 2009).

Hapsany ¢ sTuMu MHUKpoopraHn3MaM¥, BIIepBBIE
B Poccuu B Boie o3epa batikas B 3TOT ke nepuof ObL1n
obHapyXeHbl TOKCUYHBIE I[MaHOOAKTepny, OIacHBIE
JAJiA 4YeJIOBeKa, Y KOTOPBHIX C HCIIOJIb30BAHHWEM COBpe-
MEHHBIX MEeTOJIOB MCCJIeIOBaHUA ObLIM M3yYeHBl pas-
HBle TUIBI U BapUaHTBl TOKCUHOB, a TakXe I'eHbl UX
cuHTe3a (TuxoHoBa, 2006; Benbsix u ap., 2013; Beanx
u 1p., 2015). [Ina caHUTapHO-0AKTEPUOJIOrNYECKOT0
MOHHUTOpPUHIA KadyecTBa BOAB B bBalikase 3TOT HOBBII
aclekT OYeHb CyIIecTBeHeH, TaK Kak IuaHobakTe-
puasibHbBle I[BEeTE€HUA B HACTOsAIlee BpeMs SABJIAIOTCSA
CaMBbIM 3HAUYMMBIM U XapaKTePHBIM CJIECTBUEM 3BTPO-
(¢upoBaHNA BOAHBIX OOBEKTOB BO BCEM MHpe, a OHO
yXKe MPOMCXOAUT B pas3HBIX 4acTaAX baiikana. Ompepe-
JIeHbl KOHIIEHTpAIl{ MUKPOIMCTUHOB M CaKCHUTOKCHU-
HOB B IIpo0ax IJIAHKTOHA U OeHTOca o3epa U OlleHeHa
CTelneHb yTpOo3bl TOKCUYHBIX I[MaHOOAKTEPUI 3J0POBbIO
YyeJioBeKa UM XKUBOTHBIX. [Ioka3aHO, 4TO «IIBETEHUs»
OEHTOCHBIX [MAaHOOAKTEpPUI C HaJIW4YheM TOKCHUHO-
IpOAYLMPYIOIMX BUAOB, HadyaBllvdecsa Ha 03. Barikan
B 2011 r., ceiiuac OpUHAJIN XapaKTep 9KOJIOTUUYECKOTO
KpU3nca, U BO3MOXHO, CTaJayd NPUYMHON MacCOBOU
rubesim H6arikaabckux ryook (bessix u mp., 2017). Ot
HOBBIE pe3yJIbTaThl MCCIeqOBaHNI HECOMHEHHO 3acCJIy-
KMBAIOT COOTBETCTBYIOILIEH OIeHKW [JIA pelleHus
BOIIpOCA O BKJIIOYEHUU 3TUX OakTepuil B opuLinaibHbe
JOKYMEHTHl 110 MHUKPOOHOJIOTUYeCKOMY MOHUTOPHUHTY
KauvecTBa Boj Barikasa.

B mociennue roasl skocucTtemMa o3sepa barikan
IpeTepreBaeT cepbe3Hble 5KOJIOTNYecKre M3MeHeHMs.
B npubpeXHbIX yyacTKaX HEKOTOPBIX paliOHOB HaOJIIo-
JaloTcsa MpU3HaKu 3BTpodUKaIM — MHTEHCHUBHOE pas-
BUTHE HecrmenndUUecKux AJisg JIMTOpaIn 03epa BOJO-
pocJieli, oTMeuYeHBI MaccoBas rubesib ryboK U IiBeTeHNe
TOKCHYHBIX IriaHobakTepuii (Timoshkin et al., 2016).
PactyT o6bembl cOpoca B 03€p0 HeKauyeCTBEHHO OYu-
IEHHBIX ¥ He OYUILeHHBIX CTOYHBIX BOJ U3 HACEJIEHHBIX
IIyHKTOB, yBeJIWYMBAaeTCA peKpealnuoHHas Harpyska,
PEe3KO0 BO3POCJIO KOJINYECTBO TyPUCTUYECKUX CYAOB, HE
000pyOBAaHHBIX €MKOCTAMM I cOopa XO3ANCTBEH-
HO-OBITOBBIX U MOJICJIaHEBBIX BOJ. UNMCIEHHOCTh Typu-
CTOB, IIpHe3Xalwnux Ha balikasa BO Bce Ce30HHI rofa,
BBIpOCJIa MHOTOKpATHO. Tak, B 2019 r. ux 41cjio JoCTu-
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raso 2.2 muH. HenocpeZicTBeHHO Ha mobepexbe o3epa
cJioxusiocs 6osee 40 30H pekpeariOHHOIO OCBOEHMS,
B KOTOPBIX COCpeZIOTOYeHa OCHOBHAas 4acTh OOBEKTOB
pa3MelieHUsA TYPUCTOB: TypOa3bl, TOCTUHUIBI, IOMa
oTabixa. Bo3HUKaOT Bonpockl: Kak 3¢ ¢PeKTUBHO pabo-
TalT CENTUKU B 30HaX OTJbIXa TYPUCTOB, He HaHOCA
ymep0b sxocucreme baiikana? Kak yacto «Pocnpupog-
Haa30p» MpoBepseT YTUIM3ALUNI X035AMCTBEHHO-OBITO-
BBIX U MOJCJIaHEBBIX BOJ] Ha TYPUCTUYECKUX TEIJIOXO-
nax?

Haunnas ¢ Hauasia 2000 r. B JIMMHOJIOTUY€CKOM
uHcetutyte CO PAH croxuiack MpakTHUKa IMpoBefie-
HHUA KOMIUJIEKCHBIX 3KCHeAUIldil mo BceMy Dbatikay,
B KOTOPBIX MOCTOAHHO YYacTBYIOT MHUKPOOHOJIOTH.
KoHeuHo, skclieAULIMOHHBIE PabOTH 0 BceMy Baiikasty
MPOBOAWUJINCH U paHbllle, HO KOMILJIEKCHOCTb UCCJIe[0-
BaHUI OrpaHUYMBAIaCh OTCYTCTBHEM HeOOXOOUMBIX
npubopoB [JiA OJHOBPEMEHHOro O0TOOpa OO0JIBIIOTO
KoJiyecTBa mMpoO BOABI U TPyHTA, OBICTPOTO HU3Mepe-
HUA abHUOTHMYeCKUX IapaMeTpoB A0 MaKCHUMaJIbHBIX
rjiyOuH U Ap. B Hacrosmee BpeMA TOJIBKO JIMMHOJIO-
rAYecKril MHCTUTYT UMeeT Ha balikase Hay4yHO-Ucce-
JoBaTeabCKui GJI0T, 060pyAOBAHHBIN HEOOXOAUMBIMU
npubopamMu AJiA MpPOBeJeHUs HAyUYHBIX JIMMHOJIOTU-
yecKux uccijaenoBaHuil. [lo 3Toil mpuuuHe caHUTAp-
HO-0AaKTEepHUOJIOTUYECKUIT MOHUTOPUHI KauyecTBa BOJ
baiikasia U ero MpUTOKOB MPOBOAUTCA COTPYAHUKAMU
jabopaTopuy BOOHOM MHKPOOMOJIOTUM HWHCTUTYTA,
KOTOpPBIE UMEIOT BCE€ HeoOX0oAuMoe coBpeMeHHoe 0060-
pyZaoBaHUe, OTAeJbHbIE MOMeI[eH!Us AJiA MPOBeJleHUA
CaHUTapHO-0aKTEepUOJIOTNUYeCKOT0 MOHUTOPUHTA Kaue-
cTBa BoAbl 03. balikas kjacchuecKMMH U COBpeMeH-
HBIMU  MOJIEKYJIAPHO-OMOJIOTUYECKUMU  METOAaMMU.
JlaGopaTtopusa BOOHOM MMKPOOHOJIOTHM aKKpeguTo-
BaHa B HallMOHAJIBHOU cucteMe Pocakkpeautarnuu (No
RA.RU.21JI102).

CanuTapHOo-0aKTepUOJIOTUUYECKUN MOHUTOPUHT
kadecTBa Boj batikasa, npoBeneHHbIN B nepuof 2010-
2023 IT. B €XerojHbIX BeCEHHHMX (BTOpas IOJIOBUHA
Mas-HavaJio UI0H:A), JIeTHUX (aBrycT) U OCeHHUux (BTO-
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pas MOJIOBMHA CEHTSOPs) KPyrobalKaabCKUX dKCIequ-
nUAX mokasas, 4yTo ®UB moCTOSAHHO NPUCYTCTBYIOT B
npuOpexXHON 4acTu o3epa. B smtopanm o3epa 3Ha4u-
TeJIbHOEe KOJINYeCTBO KOJIM(POPMHEIX OaKTepuil U dHTe-
POKOKKOB OBLJIO JeTEKTPOBAHO B I0)KHOU 4acTH o3epa:
noc. JlucTesAHKa, r. Baiikanbck, noc. KyaTtyk; B cpen-
Hell KOTJIOBUHE: B aKBaTOPUU IPOJIMBOB Majioe Mope,
OJsbXOHCKME BOpPOTa, AesibTa p. CejleHryu; B CeBepHOU
yactu: r. CeBepobalikaabCK, rnoc. 3apeuynsiil, (IIITeikoBa
u ap., 2016, 20186; CycnoBa u ap., 2017; IloanecHas
u ap., 2022). B 2011 r. npeBrillieHne perjaMeHTHUpPY-
eMbIX KaueCcTBO BOJ CTaHAapToB P® Habiwomanu 1o
Bcel mejiaruasu o3. baiikaj, a Takxke B OOJIBIITMHCTBE
€ro KpymHbIX IpUTOKOB. B 2012 u 2015 rr. npesoinie-
HHEe CaHUTApHO-0aKTepUOJIOTUYEeCKUX IoKa3aTesei
nejjarun4eckrux BOJ OTMEeUYeHO TOJIbKO B FOXKHOM 4acTu
oszepa (Puc. 1). B cenrsabpe 2016 r. 3adukcupoBaHa
MakKcuMaJibHasA J0JisA mpob BOABI ¢ HU3KUM K03 duiiu-
€HTOM CaMOOYHINeHUA Kak B mnejaruaau — 60%, tak u
B YCTBAX peK — 62.5%.

B Bofiax ycTheB BIafamlyx B 03€p0 PeK YHCJIeH-
HOCTb CaHMTApHO-TIOKa3aTeJIbHBEIX TPyl OakTepuil B
2010-2020 rr. (Puc. 2) B cpeHeM OblJIa Ha HOPSIOK
BhHIIlle, YeM HUX COfepXaHuWe B nejaruanu: pp. 'oso-
ycTHasA, byrynspaetika, Typka, Anra, baprysuH, Cyxas,
nensra Cenenru (Jlprokkep u ap., 2022). Haubosiee
He0JIarOnpUATHBIN MepuoJ M0 KauyeCTBY BOJ YCTaHOB-
jJeH B aBrycte 2011 r., mae — uroHe 2012 r., xorga
KOJINYeCTBO HeCTaHAapTHhIX Npo0b BOJBI OBLJIO MaKCU-
ManbpHBIM. B aBrycte 2010 r., mae — uioHe 2014 r. u
ceHTAOpe 2017 r. BCe B3ATHIE peyHble IIPOOLl COOTBET-
CTBOBAJIN «y[OBJIETBOPUTEJILHEIM» II0Ka3aTeJIAM Kade-
CTBA OBEPXHOCTHHIX BOJ.

B 2022-2023 rT. KpOoMe CTaHOAPTHBIX HCCJIENO-
BaHUU [0 CAaHUTAPHO-0aKTEPHUOJIOTYECKOMY MOHUTO-
pUHTY, HaMu OBUIM anpoOWpOBaHHBI OMOJJHUTEIbHBIE
METO/bL: BBIABJIeHNE (PpeKasIbHOro 3arpsA3HeHus C TIOMO-
b0 MapKepHBIX 30HAOB K OakrepusaM (obutareiam
KUIIIEYHNKA YeJIOBEKA UM XXUBOTHHIX), a TaKXe Ha ycTa-
HOBJIEHHE BHPYCHBIX cOOOIIecTB B Bofe. Kpome Toro, B
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Puc.1. YucieHHOCTh CAaHUTApPHO-MUKPOOHOJIOTMYECKUX IoKa3aTeJiell B mejiaruaiiu o3. barikan nmo ganasM 2010-2020 rr.
(u-U10HB, a-aBrycT, c-ceHTAOPD). [IyHKTHUPHaA JIMHUA — HOPDMAaTHUB.
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Puc.2. YnucaeHHOCTh CaHI/ITapHO-MI/IKPOGI/IOHOFI/I‘IeCKHX MoKa3zaTeJsiell B BoJjax MpUTOKOB o JaHHeIM 2010-2020 rr. KpachHas

JIMHUA — HOPpMAaTHB.

2021 r. B ceTKy cTaHIuil 0T60pa Ipob ObLIN BKJIIOYEHBI
CTOYHbIE OYMIIIeHHBbIe BOAB! U3 OYMCTHBIX COOPYXXeHUH
rr. Cimoganka u CeBepobalikajibCK, aHaIM3 KOTOPBIX
nposoauiav no CanlluH 1.2.3685-21 «I'mrueHnyeckue
HOpPMAaTUBH U TpeboBaHUA K ofecnedyeHHIo Gesomac-
HocTHu U (uiu) 6e3BpeJHOCTH AJ1A YesoBeka (haKkToOpoB
cpennl obuTanuA». Takxe 611 0TOOpaHbl 10 06pasiioB
IPyHTa B [IpUOPEXHON 30He Ha pa3JIMYHbIX yyacTKax.

B o6a rosa nocnegHux ucciegoBanuii Ha 55 (170
npo6 Boxsl) u 59 (71 npoba BoABI) CTAHIUAX 10 OCHOB-
HBIM CaHUTapHO-0aKTepPHOJIOTUYECKUM II0Ka3aTessiM
pe3yJibTaThl yKa3blBalOT Ha 3HA4YMTeJIbHbIE IIpeBhIlle-
HuA HopMmaTuBoB CanlluH. Tak B 2023 r. 3TO palioHBL:
rr. batikansck, babymkuH, noc. JluctBanka, TaHxoi u
B. T'onoyctHoe, Ilocosnbckuii cop, 6yx. [lecuanas u As,
saiuBel Masioro mops: basapnas, Kypkyrckasa, MaH-
napxaH, Hlupa, Xyxupckuii, UMBBHIPKYWCKUU 3aJIUB:
Kypbynuk, MonaxoBo, Apanraryii. Haubosbuivue mpe-
BBIIIEHUS] 3HAYEHUU 3TUX OakTepuil JeTeKTUPOBAaHbI
B: . BabymkuH (E. coli B 1.7 pa3a, 5HTepOKOKKH B 20
pa3), noc. JluctesHka (E. coli B 4 pa3a, SHTEDOKOKKU B
4.7 pasa), B Yussipky¥ickoM 3asuse (E. coli B 5.2 pa3a,
SHTEepPOKOKKHU B 6.4 pa3a), B Majsiom Mope (3HTePOKOKKH
B 4-6 pa3). Illects U3 cemu NpuToKoOB: pp. [lepeémHuasn,
CuexHas, CoszaH, ['opAaunil kjrou Takxke HMesd IIpe-
BHILIAOIINE 3HaUeHusA, ocobeHHO — pp. [Toxabuxa (OKb
B 11 pa3, E. coli B 58 pas, sHTepOKOKKOB B 186 pa3) u
Mepiauka (OKB B 1.2 pa3a, E. coli B 5 pa3, SHTepOKOK-
KOB B 63 pa3za).

Crounnle ouuilieHHble Boagsl KOC r. CrmoasHka
10 pe3yJjibTaTaM aHaJIM30B He COOTBETCTBYIOT TpeOoBa-
HuAM CanlIuH 1.2.3685-21 u npessbimany nokasaTesin:
OKB B 4200 pas, E. coli B8 17000 pa3, SHTEpOKOKKU B
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3600 pa3s, 4TO ykasblBaeT Ha OTCYTCTBHE 3TalloB 0be-
33apaxuBaHusa. IlogoOHble pe3ysbTaThl OBLIM IOJTY-
YeHbl HaMU U 10 CTOYHBIM OUUI[eHHBIM CTOYHBIM BOoJiaM
KOC r. CeBepobatikanbcka B 2022 r. UccienoBanus 10
Mpo6 MpUOPEXHOro MecYyaHoro IPyHTA U3 Pa3JIMYHBIX
patioHoB balikayia xapakTeprn30BaIiCh PA3JIMYHON CTe-
[IEHbI0 3apaXeHHOCTH CaHUTapHO-NOKa3aTeJIbHBIMU
0akTepyusAMH U MO3BOJWIM KJacCUuUIUPOBATh OTU
palioHH! 110 CTeNeH! 3NMUAEeMUO0JIOIYecKoll OacHOCTU
Ha TPU I'PYIIHL:
1. upe3BbyaiiHO onacHas — I. CIIIOAAHKA;

2. omacnaa - mm. Kynryk, Makcumuxa, KypOyiuk,

CaxtopTa, OyxTH AsA 1 3MeunHas;

yMepeHHO omacHas — r. balikasnbck, nm. Xyxup, b
KoTsl.

H3yyeHue MOBEpPXHOCTHOU BOABI B Iejlarmuye-
ckoll 30He Baiikasia kak B mpedblgylivie TOAbI, TaKk U
B 3TOT IEepHOJ], NOJHOCThI0O COOTBETCTBYIOT HOpPMAaTU-
Bam CaulluH 1.2.3685-21 u MYK 4.2.1884-04 «CaHu-
TapHO-MUKPOOUOJIOTUYECKUI U CaHUTapHO-Napasu-
TOJIOTMYECKUI1 aHaJIu3 BOJABI MOBEPXHOCTHHIX BOJIHBIX
00BEKTOB», 32 €IUHUYHBIMU HCKIIOUeHUAMU Npod Ha
yucsienHocts OKB B 2011-2012, 2015, 2019, 2021-
2022 rr.

Co3pgana KoJutekIuA u3 172 KyJIbTUBUPYEMBIX
YCJIOBHO-NIATOT@HHBIX IITaMMOB OakTepui, BbIJieJIeH-
HBIX W3 IJIAHKTOHA U 3MMUJIMTOHA 03. Baiikaj, u3 ouu-
IIEHHBIX CTOYHBIX BOJ U NMPUOPEXHBIX 'PYHTOB O3epa.
C noMOIIbI0 COBpEMEHHBIX MeTOAOB HAeHTU(UKAIU
(MoJiexyJIApHO-TeHeTUYeCKUI U Macc-CIeKTpOMeTpU-
YeCKHM aHaJIM3bl) HCcJeaoBajii 62 IMTaMMma, BBIFE-
JIEHHBIX U3 MPUJOHHBIX U MOBEPXHOCTHBIX NMPOO BOJbI
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(IITeixoBa u Op., 2018a; Shtykova et al., 2020). Bcero
3TUM MeToAoM upaeHTHuIpoBaHo 18 pomos u 21
BUJ YCJIOBHO-IIATOTeHHBIX OakTepuil. Cpequ HUX Mpen-
cTaButesu mnopsnka Enterobacterales poma Yersinia,
Citrobacter, Escherichia, Hafnia, Leclercia, Enterobacter,
Lelliottia, Shigella, mopsinka Pseudomonadales popna
Pseudomonas, Acitrobacter, mnopsinka Bacillales poma
Bacillus, Exiguobacterium wu Staphylococcus, cemeii-
ctBa Aeromonadaceae popg Aeromonas, cemei-
ctBa Enterococcaceae poxa Enterococcus, cemeil-
ctBa Aerococcaceae pop Aerococcus, ceMelcCTBa
Comamonadaceae  pox Delftia u  cemeiicTBa
Xanthomonadaceae poj Stenotrophomonas.

OmnacHele A1 3[0POBbs UesiOBeKa U XUBOTHBIX
BUABl YCJIOBHO-NIATOT€HHBIX OaKTepuil BBIJEJIEHB U3
pa3HbBIX MeCT JIUTOPaJIbHO 30HH 03. Batikas. Tak, 6ak-
Tepun poja Aeromondas — caMble paclpoCTpaHeHHbIe,
obHapyxeHs B Majiom Mmope B 6yx. Ba3zapHas, B 3aJ.
Xyxup-Haratickuii, B 3ai. Xyia, y noc. Xyxup, IocC.
JIuctBanka, noc. B. Kotel, noc. B. T'osioyctHOoe, B OyX.
Asa. Bo mHorux 3anuBax Majioro MopsA BCTpevyarTCsA
baktepuu poma Enterococcus. lltammnr E. coli Bife-
JIEHHI B Pa3HBIX aKBAaTOPUAX o3epa: B 3aj1. Myxop u Xy,
y noc. b. KoTsl, B paiioHe YIKaHbUX OCTPOBOB. MEbI yuu-
TBIBaJIU, 4TO ¢ 2022 r. COrjIaCHO HOBBIM M3MEHEHUsM B
CanlluH 1.2.3685-21, 6akTepus E. coli 1 SHTEPOKOKKU
ABJIAIOTCA 0053aTesIbHBIMU IOKa3aTeJIIMU IIPU CaHU-
TapHO-MUKPOOHOJIOTUYeCKO OlleHKe KauecTBa BOJBL

B 2021-2023 rr. 6bI7IM B3ATH MPOOBI CTOYHBIX
BOJ] IIOCJIe MMPOXOXXAEHUS OYMCTHBIX COOPYXXeHHUH B IT.
Cmiogsanke u CesepobalikajbCKe, yCTaHOBJIEHA HU3-
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Puc.3. Cxema caHuTapHO-0aKTepHOJIOTYeCKOT0 MOHU-
TopuHra osepa balikasn. Peunrle craniuu: 1 — l'osoycTHas,
2 — Byrynbpetika, 3 — Axra, 4 — Kyuysnra, 5 — Capma, 6 —
Pesnb, 7 — Toia, 8 — Kuuepa, 9 — B. Anrapa, 10 — Tomnyga,
11 - Baprysun, 12 — Typka, 13 — Cesnenra, 14 — MrbicoBKa,
15 - IlepeemHasn, 16 — CHexHas, 17 — B. OcuHoBKa, 18 — CoJ1-
3aH, 19 - Cmoasaska, 20 — [Toxabuxa, 21 — Kyaryunas, 22 —
Mepiauka. ITenarnyeckue crannuu: 1 — 12 km ot . Kyntyk,
2 - 3 kM ot 1. Mapury#i, 3 — n. Mapuryii—n. Conzan, 4 — 3
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kasa 3p@PekTUBHOCTh ObOe33apakrBaHUA U TOCTYILIe-
HHE YCJIOBHO-TIATOT€HHBIX M MATOTeHHBIX OAKTEpUil B
Batikan (Potapov et al., 2023). IIpoBeieHHbIE HCCIIE-
JIOBaHUSA YYBCTBUTEJIBHOCTU K AaHTUOMOTUYECKUM
BemecTBaMm y 70 mTaMMOB OaKTepui, BbIIEJIEHHBIX U3
BOJIBI M1 ¥ 17 mITaMMOB — U3 OYUIINEHHBIX CTOYHBIX BO/I
KOC r. CrogaHky, 1okasajiu aHTUOMOTUKOPE3UCTEHT-
HOCTh KO BCEM WCIBITYyEMBIM aHTUOMOTUYECKUM Bellle-
CTBaM IIMPOKOTO CHEKTpa AEeWCTBUs, WCIOJIb3yEeMBIX
JUIs1 JieueHUs1 NTHQEKIMOHHEIX 3a00JIeBaHui (TIEHUIIVIT-
JuHEI, 11e¢aoCIOPUHbI, KapOameHeMbl, MaKpOJIU/IbI,
AMUHOTJIMKO3UBl, TETPANVKINHB HUTPOPYpaHH U
ap.).

4. 3aknioueHue

Ananus pe3yJsibTaTOB CAaHUTapHO-0AKTEPHOJIOTU-
YeCKOro MOHMTOPHHIA 3a NMpeAbAyIUi 1 HACTOAMMUN
BEK JOCTOBEPHO YyKa3bIBAIOT Ha CHIDKEHHE KadecTBa
BoABl B mpuUOpexHoU dacTu Baiikania, a Takxe B IpHU-
TOKax HOKHOM KOTJIOBUHHI €ro: YyBEeJIMYUJIOCh KOJIU-
yectBO OKB, TKB u 3HTEpPOKOKKOB, IIpeBBIIIAOIIee
TpeboBanua CaHIInH 1.2.3685-21. B riyGoKOBOOHOM
4acTU 03epa OTMeYeH BOCXOAAMMU TPeH[ YHCJIEHHO-
CTU 3HTEPOKOKKOB 3a INocjiefHee AecATuieTue. Ilomy-
YeHHble pe3yJIbTAaThl YKa3bIBAlOT Ha IOCTyIJIEHHE B
PeKU U caMoO 03ep0 HEOUMIEHHBIX WJIM HeJOCTaTOYHO
OUMII[eHHBIX CTOYHBIX BOJ. KaHayim3almmoHHBIE OUMCT-
HBle coopyxeHus IT. Cimogsanka u CeBepobalikaabCK B
HccyeJOBAHHBIN epuof padoTanu Hea(pdHeKTUBHO, Kak
IOKa3ajy MAaHHble CaHUTapHO-MUKPOOMOJIOTMYECKUX

kM otT n. CossaH, 5 — 3 km or n. JluctBsgHka, 6 — 1. Jluct-
BAHKa-MI. Tauxoi, 7 — 3 kM oT n. Tauxoit, 8 — M. KpacHsiit
Ap-mpot. Xapays, 9 — p. Aara—p. Cyxas, 10 — n. Boingakosa
— np. Massie OJsibXOHCKME BOpoTa, 11 — 3 kM OoT M. ¥xaH, 12
— M. YxaH-M. Tonkwuii, 13 — 3 km ot M. ToHKHU#H, 14 — 7 KM OT
M. WMxumeti, 15 — m. Xo6oii-M. KpecToBeiil, 16 — Baprysusn-
ckull 3anuB, 17 —Axagemuueckuil xpebet, 18 — UuBBIpKyH-
cKkul 3a1uB, 19 — cr. ConHeyHas—YUIKaHbU OCTPOBa, 20 — M.
3aBopoTHBII-p. CocHOBKA, 21 — 3 kM oT M. EnoxuH, 22 — M.
Enoxun-n. JaBma, 23 — 3 kM ot 11. [{aBima, 24 — m. KotesibHuU-
KOBCKUI-M. AMHyHJakaH, 25 — 3 kM ot c. balikanbckoe, 26
— c. Baiikanbckoe-Mm. Typamu, 27 — 3 km ot M. Typanu, 28 — p.
Teia-p. Hemusanka, 29 — 7 xm ot r. HuxxHeanrapck, 30 — M.
Apan—Mm. Xo6oii, 31 -IIponus Manoe Mope, 32 — Mansie OJib-
XOHCKHe BopoTa. beperosrule crannuu: 1 — n. JIucTesaHKa, 2 —
. B. Kotsl, 3 — . B. 'ontoyctHoe, 4 — 6yx. Ilecuanas, 5 — 6yx.
As, 6 — 3an. Tyratickuli, 7 — 6yx. bazapnas, 8 — 6yx. lllyuss,
9 - 6yx. Pagocts, 10 — 3an. KypkyTt, 11 — M. Bypuiok, 12 — 6yx.
YykoTka, 13 — 6yx. ManpapxaH, 14 — 3an. 3yyn-XaryH, 15
- 3as1. bapyyH-Xarys, 16 — 6yx. lluna, 17 — m. Yiup6a, 18 -
3as1. Xyxup-Hyratickuii, 19 — g. Capma, 20 - 3a1. Myxop, 21
—3as1. UpkyTtckas ryba, 22 — 6yx. TyTeipxeii, 23 — 6yx. Xapus-
Upru, 24 - 3an. Xyiu, 25 — 6yx. XeITepXeil, 26 u 27 — 3ai.
3arsy, 28 — n. Xyxup, 29 — M. EnoxuH, 30 — r. CeBepobati-
Kasbck, 31 — 6yx. dponuxa, 32 — 6yx. Ass, 33 — 6yx. XaKycHl,
34 - n. MonaxoBo, 35 — n. Kypbymnuk, 36 — 6yx. 3MeuHas,
37 - 6yx. Ilemepka (Ymkansu ocTpoBa), 38 — c. Makcumuxa,
39 - c. Typka, 40 — n. H. Suxanyk, 41 — Iloconbckuii cop,
42 - r. BabymkuH, 43 — n. Tauxoi, 44 — c. BergpuHo, 45 —T.
Batikasnbck, 46 — r. CmofisHKa, 47 — 1. Kynryk. CraHiuu Tep-
MaJIbHBIX UCTOYHUKOB: 1 — XaKycel, 2 — 3MeuHBbIH.
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ananu3oB. CTOuyHble BOABI M3 BHIMYCKHBIX TpyO KOC
He cooTBeTcTBOBaaM TpeboBanuam CaHIIuH 1.2.3685-
21, xoan4ecTBO KOIUGOPMHBIX OAKTEpH MPEBHIIIAIO0
HOpMaTUBHBIe 3HaueHMA. Co3gaHa Kojuieknusa us 172
KyJIBTUBUPYEMBIX ~ YCJIOBHO-IATOT€HHBIX OaKTepui,
BBIZIeJIEHHBIX U3 BOAH! 03. Baiikasi, 13 OYnIeHHBIX CTOY-
HBIX BOJ U NIPUOPEXHBIX TPYHTOB 03epa.

B pesysibraTte NpoBefeHHOIO aHajn3a MHOIO-
JIETHUX HCCJIEJOBAaHUN CaHUTapHO-IIOKA3aTeIbHBIX
MHKpPOOpPraHu3MoB Ha o03. Baiikaj, MBI mnpepsaraeM
«CxeMy CcaHUTapHO-0AKTEepPHOJIOTUYECKOTO MOHUITO-
punra» (Puc. 3), mo KOTOpPOH oOmpejieJieHre KavuecTBa
BOJ JIMTOPAJIbHOW M MejardajbHON dYacTell Heo0Xo-
JUMO IIPOBOJIUTH BO BCe CE30HHI rojia: 3UMHUM (MapT),
BeceHHMI (KOHeI[ Masi-HavyaJio MIOHs), JIETHUH (aBrycr),
OoceHHUI (KOHel| ceHTAOpsA-Havyasio oKTAGp:). s Baii-
Kaja, cofgepxamiero 20% Bceil TpecHOY BOBI Ha 3eMJie,
6oJibIlIoe IpaKTHUUeckoe 3HaYeHHe B HacTosAllee BpeMs
rJ100aJIbHOTO MOTENJIEHUA U YCUJIMBAIOLIErocs aHTPO-
[IOTeHHOro (OMOJIOTMYecKoro U XMMUYeCKOoro) Bo3Jek-
CTBUA HUMeeT npobjieMa coXpaHeHUs BOJbl BBICOKOTO
KayecTBa, peryJjsApHOe MpoBeJleHre CaHUTapHO-0akTe-
PHOJIOTMYECKOT0 MOHUTOPUHIa OyJeT OnepaTUBHO U
JIOCTOBEPHO IOKAa3bIBaTh TPeHABl TPOGHOCTU €ro 3KOo-
CHCTEMHI.
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