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ABSTRACT. Since 2003, Limnological Institute SB RAS has been holding the International Baikal
Microbiological Symposia “Microorganisms and Viruses in Aquatic Ecosystems” every four years, and
even in the “covid” year 2020, it was held “in remote mode.” The proper functioning of viral and bac-
terial communities is the basis for the stable quality of aquatic ecosystems. New ecological problems for
the Lake Baikal ecosystem are becoming more and more acute, and the scientific research, the results of
which are presented and discussed at these symposia for different aquatic ecosystems around the world,
should help to find solutions for preserving the water quality now and in the future. We analyze the
long-term microbiological studies of the water quality in the littoral and pelagic zones of Lake Baikal
carried out by numerous authors, and propose a specific scheme of microbiological monitoring of this
unique aquatic ecosystem required by the environmental regulatory authorities. Specific measures to
prevent pollution of oligotrophic lake waters are also provided; these measures can be rapidly imple-
mented now.
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1. Introduction bathometers for taking water samples and cores at the

maximum depths throughout the entire water area of
the lake, including small vessels for navigation in the
tributaries.

The Decree of the Government of the Russian
Federation dated 18.02.23 No. 260, “On Approval of
the Regulations on the State Environmental Monitoring
of the Unique Ecological System of Lake Baikal,”
obliges to develop in the near future a new monitoring
system of the lake by the appropriate environmental
regulatory authorities with the participation of scien-
tific organizations of SB RAS. Microbiological monitor-
ing is an obligatory component of integrated environ-
mental monitoring of aquatic ecosystems around the
world, as microorganisms are the most sensitive indica-
tors of water quality and the main destructors of their
contaminants. However, only Limnological Institute
SB RAS has the relevant world-level complex at Lake
Baikal, including qualified certified specialists-microbi-
ologists-virologists with high experience, a specialized
laboratory for aquatic microbiology, equipped with all
the necessary modern instruments and equipment, with
annual professional certification, as well as research
vessels equipped with a lifting unit and a system of

2. Results and discussion

A summary of the history of microbiological stud-
ies of various sites and water areas of Lake Baikal and
water bodies of the Baikal-Angara-Yenisey hydrosys-
tem is described in the monograph (Vinogradova et al.,
2004), and information on Lake Baikal is given in detail
in the paper (Belykh and Drucker, 2018). The assess-
ment of water quality in the littoral and pelagic zones
throughout Lake Baikal in different seasons of the year
began to be investigated at the end of the twentieth
century (Drucker et al., 1993), as well as studies of the
estuaries of the largest tributaries along the perimeter
of the whole lake (Drucker and Maslennikov, 1998).
Later, for the first time, targeted studies were carried
out during different seasons in 1997-2000 to find out
the extent of distribution and identification of oppor-
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tunistic pathogenic bacteria (Panasyuk and Drucker,
2002; Drucker and Panasyuk, 2006). As a result of this
research, 898 strains of opportunistic pathogenic bacte-
ria were isolated. At the same time, for the first time in
Russia, toxic cyanobacteria dangerous to humans were
detected in the waters of Lake Baikal (Tikhonova, 2006;
Belykh et al., 2013; Belykh et al., 2015). These results
are worthy of attention and, in our opinion, justify their
inclusion in the system of microbiological monitoring
of the water quality of Lake Baikal.

Nowadays, the ecosystem of Lake Baikal is sub-
jected to serious anthropogenic impacts: an increase
in the volume of poorly treated and untreated waste
water from settlements, an increased recreational load,
and a sharply increased number of tourist vessels not
equipped with tanks for collecting domestic and bilge
water, which led to a significant decrease in water qual-
ity in the littoral zone of the lake. Analysis of system-
atic annual seasonal sanitary-bacteriological studies of
the whole water area of Lake Baikal from 2000 to the
present time has shown that opportunistic pathogenic
bacteria are constantly present in the littoral zone of
the lake (Drucker et al., 2022). In the littoral zone, a
significant number of coliform bacteria and entero-
cocci were detected in the southern part of the lake:
Listvyanka and Kultuk settlements, Baikalsk town; in
the middle basin, in the waters of the Straits Maloye
More and Olkhonskiye Vorota, in the Selenga River
delta; in the northern part, Severobaikalsk town and
Zarechny settlement (Shtykova et al., 2016; Suslova
et al., 2017; Podlesnaya et al., 2022). We took into
account that from 2022, according to the new changes
in SanPin 1.2.3685-21, E. coli bacteria and enterococci
are mandatory indicators in the sanitary-microbiologi-
cal assessment of water quality.

In 2021 and 2022, treated effluent from the
Slyudyanka and Severobaikalsk wastewater treatment
plants was included in the sampling station grid and
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was investigated. Significant exceedance of controlled
indicators was found: TCB up to 4200 times, E. coli up
to 17000 times, Enterococci up to 3600 times, which
indicates the lack of disinfection efficiency and the
influx of opportunistic pathogenic and pathogenic bac-
teria into Lake Baikal (Potapov et al., 2023). The study
of water quality in the pelagic zone of the lake in all
years showed full compliance with state standards for
drinking and other uses. A collection of 172 culturable
opportunistic pathogenic bacterial strains isolated from
different water bodies was established. In the waters
of the estuaries of the rivers flowing into the lake,
the abundance of sanitary-indicative bacterial groups
in 2010-2020 was on average an order of magnitude
higher than their content in the lake.

Based on the analysis of the results of long-term
seasonal studies of the content of sanitary-indicative
microorganisms in the water of different parts of Lake
Baikal, we propose the “Scheme of sanitary-bacterio-
logical monitoring of Lake Baikal”, according to which
the determination of the water quality of littoral and
pelagic zones should be carried out annually in all sea-
sons: winter (March), spring (late May-early June),
summer (August), and autumn (late September-early
October) at 103 sites of the lake (hereinafter - sam-
pling) (Drucker et al., 2023).

To prevent the pollution of Lake Baikal waters,
we recommend:

1. to improve constant coordination of administra-
tions, environmental authorities, scientific orga-
nizations, and the environmental community of
Irkutsk region and the Republic of Buryatia on
the implementation of the Law of the Russian
Federation dated 01.05.1999 No. 94-FZ “On
Protection of Lake Baikal”;

to strengthen control over the efficiency of treat-
ment facilities in the towns of Slyudyanka,
Severobaikalsk, and Ulan-Ude;
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3. to strengthen control over the proper operation of
septic tanks at camping sites, holiday homes, etc.,
paying special attention to the existing system of
removal and disposal of household waste;

to strengthen control over the collection into spe-
cial containers and delivery of domestic and bilge
water on tourist vessels, up to the prohibition of
their use;

to begin implementing practical solutions to the
problem of recycling and neutralizing of household
waste in settlements located in the central ecologi-
cal zone of the lake;

to agree on the proposed “Scheme of sanitary-bac-
teriological monitoring of Lake Baikal” for joint
use with the state regulatory authorities.
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CoBpemeHHOe COCTOAHME,
MHMKPOOHONOrHUEeCKHN MOHHUTOPMUHT,
npeaAynpeXxaeHuve 3arpa3HeHMA BOA o3epa
Bavkan

Hprokkep B.B.*

JlumHostoeuyeckuti uHcmumym Cubupckoeo OmdesteHus Poccutickoti Akademuu Hayk, yi1. Yoan-Bamopckaa, 3, Hpkymck, 664033,
Poccua

AHHOTAILIUA. C 2003 r. JlumHonmorndyeckuii MHCTUTYT CO PAH kaxnble YeTslpe rojia MpOBOJAUT
MexnyHapoaHsle Baiikanbckue Mukpobuosgornieckue CuMnosuymsl «MUKpOOpraHU3MbL U BUPYCH B
BOJIHBIX OKOCHCTEMax» W Aaxe B «KOBUAHBIN» 2020 r. oH OBLI MpOBeleH «yaajieHHO». HopMasibHoe
(pyHKIMOHUPOBaHUE BUPYCHBIX M OaKTepHaIbHBIX COOOIIECTB fABJIAETCA OCHOBOM CTAOWJIBHOrO Kaye-
CTBa BOAHBIX dKocucTeM. HoBble skojioruyeckue mpoOsieMsl AjiA dKocHhcTeMbl 03. balikan cTaHoBATCA
Bce OoJiee OCTPBIMM U HayYHbIE HCCJIeJOBAHNsA, Pe3yIbTaThl KOTOPHIX 3aCJIyIIUBAIOTCA U 00CyXAal0TCA
Ha 3Tux CHUMIO3MyMax [JIs pa3JIMYHbIX BOJHBIX 9KOCUCTEM MHUPA, JOJIXKHBI IOMOYb HAaUTH pelleHus I
coxXpaHeHMsA KayecTBa BOJ B HacTodAlleM U Ha Oyaymiee. MHorojieTHre MUKPOOMOJIOTHYECKHe Hccie-
J0BaHUsA KauyecTBAa MpUOpeXHBIX M Iejarnyeckux BoA balikasa, mpoBefeHHble MHOTOYKCJIEHHBIMH
aBTOpamu, IpoaHaJIN3UPOBAHBI HAMU, IIpefjiaraeTcs KOHKpeTHasA cxeMa MUKpPOOU0JIOrH4ecKOoro MOHHU-
TOPMHIra YHHUKAaJIbHOU BOAHOM 3KOCHCTEMEI, HeoOXoAuMas AJiA KOHTPOJUPYIOUMX NPUPOAOOXPaHHbIX
opraHoB. Tak ke IPHUBOAATCA KOHKPeTHBIE Mephl IpeAyIpexaeHNnsA 3arpsa3HeHus BoJ OJIUMroTpodHOro
03epa, KOTOpble MOTyT OBITh OIIEpaTHUBHO NpHUMeHEeHH B HacTosAllee BpeMs.

Kitioueawie ciiosa: o3epo Batikas, KauecTBO BOJ, cxeMa CaHUTapHO-0aKTeprOoJIOrn4eckKoro MOHUTOPUHTA, Mephl
npeaynpexaeHus 3arpAa3HeHUs BOL

Jluisa nutupoBanus: J[piokkep B.B. CoBpeMeHHOe COCTOSIHIE, MUKPOOUOJIOIMYECKIEI MOHUTOPYHT, IpeAyNnpexAeHre 3arpsa3He-
Hus BoZ o3epa Baiikai // Limnology and Freshwater Biology. 2024. - Ne 4. - C. 785-790. DOI: 10.31951/2658-3518-2024-A-4-785

1. Beepenue MM OIBITOM PalOTHI, CHerraIn3nupoBaHHON Jiabopa-

TOpPUX BOJHOM MHMKPOOHOJIOTUH, OCHAIEHHON BCEMU
HeoOXOAUMBIMU COBpPeMeHHBIMU NpubopamMu U 000py-
JOBaHUEM, MPOXOLAIIEN exXerofHyo MnpodeccruoHa b-
HYI0 aTTeCcTalUIo, a TaKXe HayYHO-1CCJIeJOBAaTEIbCKIUX
CyZIOB, OCHAIIleHHbIX JlebeAKaMu 1 CUCTeMON HaTtome-
TPOB AJiA B3ATHA Opob BOABI U TPYHTaA 0 MaKCUMaJib-
HBIX TJIyOUH IO BCell akBaTOpUU 03epa, BKJIIUaA Majio-
MepHBIe cy[a AJisA MPOX0Aa B MPUTOKHU.

[Tocranosiienue Ilpasurensctea P® ot 18.02.23
r. No 260 «O6 ytBepxnaeHuu [losoxeHus o rocyaap-
CTBEHHOM 35KOJIOTYeCKOM MOHUTOPHHIE YHUKAaJIbHOMN
DKOJIOTUYECKOU cucTteMe o3epa balikai» 0OA3bIBaeT
paspaboraTh B OJsirkaiiliee BpeMs HOBYIO CHCTEMY
MOHUTOpPUHIA O3€epa COOTBETCTBYIOIIUMU KOHTPO-
JVPYIOIUMU  [PUPOJOOXPAaHHBIMU  OpraHu3alusaAMU
C IpuBJedYeHHeM HayuyHbIXx opraHusanuii CO PAH.
MukpoOrooTuYecKuii MOHUTOPHHT ob6s13aTesIb-
Has cOCTaBHas YacThb KOMILJIEKCHOTO 3KOJIOTMYECKOTO
MOHHUTOpPUHTA BOJHBIX 3KOCHCTEM MUpPA, IOCKOJIbKY
MUKPOOPraHMU3MHl ABJIAIOTCA CaMbIMU YyBCTBUTEJIb-
HBIMM MHAUKaTOpaM{ KayecTBa BOJBI M OCHOBHBIMU
JEeCTpyKTopaMu UX 3arpsAsHeHuil. OAHAKO TOJIBKO
JlumHosornyeckuii uHCTUTYT CO PAH wuMmeer Ha
Batikane He0o6XOOUMEBI KOMILIEKC MHPOBOTO yPOBH,
COCTOAMMI M3: KBAaTU(MUIIMPOBAHHEIX aTTECTOBAHHBIX
CIelaiCTOB-MUKPOOMOJIOTOB-BUPYCOJIOTOB € GOJIb-

2. Pe3ynbTaTbl U 06Cy)XKpeHHue

Ceomka 006 MCTOPUU MHUKPOOMOJIOTMYECKUX
HCCJIeJOBAHUIN pa3JINYHbIX YYaCTKOB U aKBaTOPHUIl 03.
baiikan u BojgoemoB baiikano-AHrapo-EHncerickoin
TUAPOCUCTEMBI M3JI0KeHa B MOHOTpaduu (BuHorpajoBa
u 1p., 2004) u moapo6Ho o Baiikaje - B ctatbe (Belykh
and Drucker, 2018). OreHKy KauecTBa BOJ B JIUTOPAIU
U eJjiaruanay no BceMy balikamy B pasjiMuHble C€30HBI
rojja HavYaIu MCCJieqoBaTh B KOHIle XX Beka (/Iprokkep
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u ap., 1993), a Takxe U HCCIIENOBAaHUA YCTHEBBIX
y4acTKOB HauboJiee KPyIHBIX IPUTOKOB IO IepUMETPY
Bcero o3epa (/[prokkep u MacieHHUKOB, 1998). B nasb-
HelillleM, BIlepBEIe lieJIeHallpaBJIeHHO ObLJIN [IPOBeeHb
HUCCJIeOBaHMA B pa3yinuHble ce30HB 1997-2000 rr. mo
BBLICHEHUI0 Maciitaba pacnpocTpaHeHUs W WJIeHTH-
¢ukanuu ycjoBHO-aToreHHbIX OakTepuii (Ilanaciox
u [Jprokkep, 2002; Drucker and Panasyuk, 2006). B
pe3yJibTaTe NPOBeJIeHHBIX HCCJIeJOBaHUI ObLIO BBIE-
JieHo 898 mTaMMOB yCJIOBHO-IaTOTeHHBIX OakTepuil. B
9TO Xe BpeMsA BIepBble B Poccun Obli OOHAPYXEHbI
B BOJle o3epa bBailkajl TOKCUYHBIE MHMAHOOAKTEPUU,
omnacHele U151 yestoBeka (TuxoHoBa, 2006; Bensix u ap.,
2013; Besnsrx u Ap., 2015). OTu pe3yIbTaThl 3aCJIyXU-
BalOT BHHUMAaHUA U Ha HaIl B3IJIAJ, UMEIT OCHOBAaHUA
Ul BKJIIOYEHHUS B CHCTEMY MHUKPOOMOJIOTHYeCKOIo
MOHMTOPUHTIa KauecTBa Bof 03. batikai.

B Hacrosmee Bpemsa skocucTeMa o03. Barikain
[oABepXKeHa Cepbe3HBIM aHTPOIOreHHBIM BO3Jel-
CTBUAM: POCT OObEMa HEKAUYeCTBEHHO OUUIIEHHBIX U
HeOUMIIeHHBIX CTOYHBIX BOJ M3 HaceJIeHHBIX ITyHKTOB,
yBeJIMUWJlach peKpealioHHas Harpyska, pe3Ko BO3-
POCJIO KOJINUeCTBO TYPUCTHUYECKUX CYZI0B, He 060pyI0-
BaHHBIX eMKOCTAMU AJ1A c6opa X031 CTBeHHO-ObITOBBIX
U MOACJIAHEBHIX BOJ, YTO IIPUBEJIO K 3HAYUTEJIbHOMY
CHIDXEHHUIO KayecTBa BOALI B JINTOpaJIN o3epa. AHaInu3
crucTeMaTHYeCKUX eXeroJHbIX Ce30HHBIX CaHWuTap-
HO-0AKTEPHOJIOTUYECKUX KCCJIe/IOBAaHUI BCEU aKBaToO-
puu o3epa Baiikas ¢ 2000 r. o HacTosIlee BpeMs IoKa-
3aJI, YTO YCJIOBHO-IIATOreHHble OaKTepuu MOCTOAHHO
IIPUCYTCTBYIOT B IIPUOpPeXHON yacTu o3epa (J[prokkep
u ap., 2022). B nuropanu 3HaYUTeIbHOE KOJIMYeCTBO
Kko(OPMHBIX OaKTepuil 1 SHTEPOKOKKOB J1eTeKTHUPO-
BaHO B I0XKHOU yacTu o3epa: noc. JincresaHka u Kyiaryk,
r. Balikabck; B cpejHEN KOTJIOBUHE: B aKBaTOPUH IIPO-
auBoB Majioe Mope, OJIbXOHCKHEe BOpOTa, AejIbTa p.
CesieHru; B ceBepHOH vacTu: T. CeBepobariKaIbCK, MOC.
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3apeunsrii (IlTeikoBa u 71p., 2016; Cyciiosa u 1p., 2017;
Moanecuas u ap., 2022). Msl yunteiBayiy, 4to ¢ 2022
T., COTJIaCHO HOBBIM n3MeHeHUAM B CaHIIuH 1.2.3685-
21, 6akrepus E. coli u SJHTEPOKOKKU SABJIIOTCA 00s13a-
TEeJBHBIMU TOKa3aTeJIAMU MPU CAaHUTAPHO-MUKPOOMO-
JIOTUYECKOU OI[eHKEe KaueCTBa BOMHI.

B 2021 u 2022 rr. B ceTKy cTaHIMN 0TOOpa mMpob
OBUIM BKJIIOYEHBI U WCCJIE[JOBAHBI CTOYHBIE OYUIIEH-
HBIe BOJBI U3 OYMCTHBIX COOpYyXeHui IT. CIIojaHKa U
CeBepoOaiikajbCK. YCTaHOBJIEHO 3HAauWTeJIbHOe IIpe-
BhIIIIEeHe KOHTPOJIMpyeMBIX Iokasaresieii: OKB mo
4200 pas3, E. coli no 17000 pas, sSHTEpOKOKKOB 110 3600
pas, 4TO yKasblBaeT Ha OTcyTcTBUE 3(GEKTUBHOCTU
ob6e33apaxnBaHUs U TOCTYIUIEHUE YCJIOBHO-IIATOTEH-
HBIX U TaTOreHHbIX 6akTepuii B Batikas (Potapov et al.,
2023). HcciemoBaHue KauyecTBa BOJBI INeJIarlyeCcKOM
YacTH 03epa BO BCE I'OfbI MOKA3aJI0 MOJHOE COOTBET-
CTBUE rOCYy/JapCTBEHHBIM HOPMAaTHUBaM [JIA MUTHEBBIX U
Apyrux nesel ucnosb3oBaHusa. CoziaHa KOJUIEKIUS U3
172 KyJIbTUBUPYEMBIX YCJIOBHO-IIATOT€HHHIX IITAMMOB
6akTepuli, BbIJieJIEHHBIX U3 PAa3JIMYHbIX BOJHBIX 00BEK-
TOB. B Bo/1ax ycTheB BIAJal0N[MX B 03€PO PEK UYMCJIEH-
HOCTh CAHUTAPHO-TIOKA3aTeJbHBIX Tpynn GakTepuil B
2010-2020 rr. ObLIa B cpegHEM Ha NOPANOK BHIIIE, YeM
UX coflepXaHue B 03epe.

B pesyJsipTare nmpoBejeHHOI'0 aHAJIM3a Pe3yJIbTa-
TOB MHOTOJIETHUX CE30HHBIX HCCJIEJOBAHUU COAepXka-
HUA CAaHUTAPHO-TIOKA3aTeJIbHBIX MUKPOOPTraHU3MOB B
BOJIe PA3JIMYHBIX y9aCTKOB 03. batikas, Mbl mpejjiaraem
«CxeMy CaHHUTapHO-O0AKTEPHOJIOTUYECKOTO MOHUTO-
puHra o3. batikai», 110 KOTOpPOI1 onpeesieHre KauecTBa
BOJ| JINTOPAJIbHOY M IejlardajibHOM dYacTell Heo0Xo-
OUMO TPOBOIUTH €XEeroJHO BO BCE CE30HBI: 3WMHUHI
(MapT), BeceHHUH (KOHEI| Mas-HAYaJI0 UIOHSA), JIETHUHN
(aBrycr), oceHHU (KOHeI| CEHTAOPA-HAYAJI0 OKTAODS)
Ha 103 craHnuAx o3epa (B JaJbHENIIEM —BRIOOPOYHO)
(Drucker et al., 2023).
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Cnevy. sbinyck: « VI Mex0yHapoOHbili
Balikanbckuli Mukpobuonoaudeckuli Cumnosuym»

Jna mpenynpexaeHus 3arpsA3HeHHs BOJ  03.
Batikan pekoMeHOyeM:

1. yCUIUTh MOCTOSHHYH KOOPAWHALMIO aJMWHU-
CcTpaluii, NpUPOAOOXPAHHBIX OPraHOB, Hay4YHBIX
OopraHusaiuii 1 5KOJIOTUYeCKON OOIiecTBeHHO-
ctu Hpkyrtckoit obnactu u Pecriybnuku Bypsarus
1o BbINoJiHeHUI0 3akoHa P® ot 01.05.1999r. Ne
94-d3 «O6 oxpaHe o3epa batika»;

YCUJIUTD KOHTPOJTb 3a 3(pHEKTUBHOCTHIO
paboOThl OYMCTHBIX COOpYyXeHuil IT. CJIIOASHKU,
CeBepobaiikajbcka, YJiaH-Y 13;

YCUJINTh KOHTPOJIb 3a INPaBUJIBHOM 3KCIUTyaTa-
I[iell cenTUKOB Ha Typbasax, JoMaxX OTAbIXa U Ap.,
obpaTtuB oco0oe BHHMaHHe Ha CYI[eCTBYIOIIYIO
CHCTeMy BbIBO3a U YTUJIM3AIMI0 X035 CTBEHHO-ObI-
TOBBIX OTXO/IOB;

YCUJINTh KOHTPOJIb 3a cOOpOM B clienuasibHbIe
€MKOCTU U cllaueil X03aHiCcTBEHHO-OBITOBBIX U IO/~
CJIaHEBBIX BOJ HA TYPUCTUYECKUX CYOaX, BIJIOThH
JI0 3ampeTa UXx dKCIUTyaTaluu;

HayaTh MPaKTUUeCKOe pellieHre Bonpoca 00 yTUJIH-
3amnuu U 00e3BpeXuBaHUU X031 CTBEHHO-OBITOBBIX
OTXOJOB B HaceJIeHHbIX MyHKTaX, PaclojI0XeHHBIX
B I[eHTpaJIbHOM 5KOJIOTUYEeCKOI 30He 03epa;

. corjlacoBarb mpepjaraemyio «CxeMy caHHUTap-
HO-0aKTepHUOJIOTHUYeCKOr0  MOHUTOPHHIA  03.
Baiixas» [1Jisi COBMeCTHOT'O UCIIOJIb30BaHUs C IOCy-
JapCcTBeHHbIMHU KOHTPOJIUPYIOIMUMHI OpraHaMu.
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