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ABSTRACT. The analysis of sanitary-significant microorganisms in two baths of the thermal spring
Zmeinyi, the streams of the baths and at a distance of 5 and 20 meters from the shore was carried out
during the day before and the day after tourists’ bathing. Exceedance of permissible values of sanitary-
microbiological indicators in accordance with SanPiN 1.2.3685-21 were detected in the baths, streams
of outflow and in the water edge at a distance of up to 5 meters. The indicator of total (generalized)
coliform bacteria (TCB) in all studied samples did not decrease throughout the day, the highest values
of the number of opportunistic microorganisms were observed in the baths of the thermal spring and
in the streams of outflow, where the water temperature was ~ 32 - 33°C. The obtained self-cleaning
coefficients in the littoral zone up to 20 m had low values (from 0.0008 to 2.53).
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1. Introduction

There are about 60 hydrotherms with different
temperature characteristics in the Baikal Rift Zone
(BRZ) (Lomonosov, 1974; Borisenko and Zamana,
1978; Zamana and Askarov, 2010). Basically,
waters of hydrotherms have sodium composition,
low mineralization (from 0.1 g/l to 2.0 g/I), high
concentration of silicon in the form of orthosilicic acid
H,SiO, (40 - 120 mg/dm®) and alkaline environment
(pH 8.5 - 10.0).

Studies of sanitary condition of hydrotherms are
episodically carried out. In alkaline mineral springs of
the Barguzin valley high TCB indices were revealed,
as well as the presence of opportunistic bacteria of the
genera Enterobacter, Klebsiella, Escherichia, Citrobacter
in frequently visited springs (Kuchiger, Seyuya,
Goryachinsk, Kumyska), which indicated a large
anthropogenic load (Darmaeva, 2007; Barkhutova,
Darmayeva and Namsarayev, 2012).

The Zmeinyi spring located in the Chivyrkuisky
bay is very popular place, and a significant number of
tourists visit it during the summer period. Its waters are
hydrocarbonate-sulphate, contain hydrogen sulphide
(H,S) at a concentration of 23.2 mg/1, and are used for
treatment and prevention of radiculitis and disorders of
the musculoskeletal system (Namsaraev et al., 2007).

When examining the diversity of microbial
communities by sequencing the V2-V3 region of the
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16S rRNA gene on the MiSeq platform (Illumina),
representatives of the families that included
opportunistic species were identified in different parts
of the Zmeinyi Spring in 2019 (Chernitsyna et al., 2023).
Significant exceedances of sanitary-bacteriological
indicators (SanPiN 1.2.3685-21) were also observed in
Zmeinaya Bay in 2022. The number of TCB in this area
exceeded the normative indicators 2 times, enterococci
44 times (Suslova et al., 2022). All previous studies
were based on single sampling, data on the dynamics of
sanitary-significant microorganisms during a day have
not been presented before.

The aim of the study is to assess the number
of sanitary-significant microorganisms in the thermal
spring Zmeiny and the coastal zone during the day
before and the day after tourists’ bathing, as well as
determining the self-purifying capacity of coastal
waters in the places of springs outflow.

2. Materials and methods

Surface water samples were taken according to
GOST 31942-2012 in the small and large baths (SB, LB),
in the streams of the small and large bath (sSB, sLB),
near the pier (P), as well as at a distance of 5 and 20
meters from the shore (5 m and 20 m) (Fig.1). Sampling
was conducted on July 11, 2022 at 23:00 after daytime
tourists” bathing, on July 12 in the early morning after
6-hour absence of bathers and at 9:00 immediately
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after bathing of several groups of tourists. A total of 16
water samples were collected and 320 analyses were
conducted in accordance with MUK 4.2.1884-04 and
GOST 24849-2014.

At all sites, water quality was assessed by basic
sanitary-microbiological indicators in accordance with
SanPiN 1.2.3685-21. The following parameters were
determined in each sample in accordance with the
methodological instructions (MUK 4.2.1884-04, GOST
24849-2014): TCB, E. coli, enterococci, the number
of which should not exceed 500 CFU/100 cm?, 100
CFU/100 cm?, 10 CFU/100 cm?, respectively.

The total microbial population (TMP) was
conducted by direct microscopic counting of
microorganisms on 0.22 um pore size membrane filters
(REATREK-Filter) using DAPI dye (4,6-diamino-2-
phenylindole) (Porter, 1980). Microscopy was performed
with an epifluorescence microscope Axiolmager.M1
(“Carl Zeiss”, Germany). At least 20 fields of vision
were viewed. Cell counting in the photographs was
carried out using the ImageTest program. Calculation
of the TMP value was done by the formula:

_a-b-10°

c-d-e
where a - is the area of filter (mm?); b - number of
bacteria counted; ¢ - micrometer area (um?); d - volume
of applied preparation (ml); e - number of counted
fields of vision (Gerhardt, 1981).

To determine the self-cleansing coefficient, we
used MUK.4.2.1884-04. The total microbial count
(TMC) was calculated, reflecting the total content
of mesophilic aerobic and facultatively anaerobic
microorganisms capable of forming colonies on meat-
peptone nutrient agar (MPA) at 37°C for 24 h (MPA
37°C) and at 22°C for 72 h (MPA 22°C). Also, to
determine the abundance of organotrophic bacteria, a
medium with fish-peptone agar (FPA:10) was used, the
cultivation temperature was 37°C (Gorbenko, 1961).

Physicochemical characteristics of water (pH,
Eh, T) were measured with an instrument pH 3310
(WTW, Germany).
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3. Results
3.1. Physicochemical characteristics of
the spring

The Zmeinyi spring is characterized by relatively
high temperature compared to other springs of the
Barguzin Basin (Namsaraev et al., 2007). The water
temperature in the large bath was 43°C, and in the
small one was 38.6°C, pH was 9.6. The redox potential

Table 1. Total microbial count (million cells/mL)

Fig.1. Geographical map of the study area and sampling
locations in Zmeinaya Bay (Lake Baikal, Russia). LB — large
bath, SB — small bath, sLB - stream of the large bath, sSB
— stream of the small bath, P — pier, 5 m - 5 meters, 20 m
— 20 meters. Software Earth 7.1.8.3036 Pro https://www.
google.com/intl/ru/earth/versions/#earth-pro (accessed on
February 20, 2023).

(ROP) in the large bath was -434 mV and in the small
bath -427 mV, indicating reduced conditions in the
spring. At the water’s edge, the water temperature was
17°C, pH was 8.8, ROP was -239 mV.

3.2. Number of sanitary-significant
microorganisms

On July 11 at 23:00 p.m. after mass tourists
bathing in the area of the thermal spring outlet (SB,
LB, sSB, sLB), the high TMP values were recorded when
cultured on MPA at 37°C, their values ranged from
2013 to 12426 CFU/cm?® (Fig.2).

This indicator was low at the water’s edge near
the pier and at a distance of 5 - 20 meters from the
shore (10-36 CFU/cm?). High count of bacteria growing
at 22°C (MPA) and 37°C (FPA:10) was recorded in
the stream of small bath (up to 5760 and 3613 CFU/
cm?, respectively). The TMP value was relatively high
in that time in the streams of large and small baths
and was 8.36 +£0.34 and 8.28 +0.38 million cells/ml,
respectively (Table 1).

High number of TCB was recorded in the large
and small baths, in streams and in the littoral zone near
the pier (Fig. 3). At a distance of 5 meters from the
shore this indicator was also high (up to 626 CFU/100
cm?®). The stream sample from the large bath showed

ampling site LB SB sLB sSB P 5m 20 m
Sampling time
23:00 6.87+0.32 | 6.83+0.14 | 8.36+0.34 | 8.28+0.38 | 2.05*x0.07 | 1.97*x0.05 | 2.14+0.08
5:00 8.02+0.37 | 5.09+£0.22 | 7.96+0.21 2.27+0.06 | 2.20x0.07 | 3.00x=0.15
9:00 4.69+0.11 3.01+0.22 - - - - -
Note: “~” no study was conducted; “*” - number exceeding the maximum value for counting on filters.
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continuous growth, while in the littoral zone of the
lake this indicator was already within normal limits at
20 meters from the stream (180 CFU/100 cm?®). High
levels of E.coli bacteria and recent fecal contamination
recorded only in the baths and streams. Spores of
sulphite-reducing clostridia were found in the large
bath and (2 and 1 CFU/20 cm?, respectively).

At 5:00 a.m. on July 12, after a 6-hour break, the
count of mesophilic aerobic and facultatively anaerobic
microorganisms growing on MPA at 37°C and 22°C
decreased. Their count ranged from 563 to 7386 CFU/
cm® and from 23 to 826 CFU/cm?, respectively (Fig.
2). In the littoral zone at a distance of 20 m from the
shore, the TMC value (MPA 37°C) increased to 3440
CFU/cm?®. At this time, an increase in the number of
organotrophic bacteria growing on FPA:10 (2330 and
2963 CFU/cm?, respectively) was recorded in the small
and large baths). A high TMP value was recorded in
a large bath when filtering 1 ml of diluted sample,
cells formed conglomerates, making counting difficult,
which did not allow obtaining reliable values (Table 1).
Low TMP values were recorded near the pier and at 5
and 20 m from the shore. Number of TCB in the baths
and streams increased approximately 2 times compared
to evening values (Fig. 3). At the same time, in the
coastal water zone at a distance of 5 and 20 meters
from the shore, this indicator decreased by about 30 -
40%. There was also a decrease in the number of E. coli
and enterococci by 60 - 70 %. Spores of sulfite-reducing
clostridia were found only in the stream of the large
bath (4 CFU/20 cm?®) and were not detected in other
samples.

At 9:00 a.m. on July 12, after several groups of
people bathed, in the large and small baths, the TMC
counted on the MPA at 37°C decreased to 903 and 1,050
CFU/cm?, respectively, compared to the morning and
evening values. The TMP values in the large and small
baths were relatively low (4.69+0.11 and 3.01 +£0.22
million cells per ml, respectively). The number of TCB
in the large bath remained high as it was at 5:00 a.m.,
while in the small bath this index decreased to 3246
CFU/100 cm?® (see Fig. 3). The number of spores of
sulfite-reducing clostridia was maximum at this time
and reached 15 and 12 CFU/20 cm?®.

Relatively high self-cleaning coefficient was
observed in the coastal zone: near the pier (2.53) and
at a distance of 5 meters from the shore at 23:00 and
5:00 (1 and 2.16, respectively) (Table 2).

4. Discussion

The healing properties of geothermal springs
have been known for a long time. As shown in the
work of Buslov S.P. (Buslov, 1990), mineral water
from BRZ (Baikal Rift Zone) springs has a beneficial
effect on various organ systems: nervous, respiratory,
motor, genitourinary, etc., as well as improves skin
condition and promotes wound healing. Therefore, the
springs are very popular among the population and
are open to the public (Namsaraev et al., 2007). At the
same time, the geothermal springs of BRZ exceeded
repeatedly the normative values of sanitary-significant
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Fig.2. Number of organotrophic mesophilic aerobic and
facultatively anaerobic microorganisms in the studied water
zone during a day

Table 2. Self-cleaning coefficient in the water area of
Zmeinaya Bay

Sampling site
P 5m 20 m
Sampling time
23:00 0.27 1 0
5:00 2.53 2.16 0.0008
9:00 - - -
Note: “-” — no studies were conducted
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microorganisms. Thus, in 2012, opportunistic bacteria
of the E. coli group and bacteria of genus Enterococcus
were revealed in mineral waters of the Shumak River
valley (Suslova et al., 2013). In cold and hot springs of
the Baikal region (Kumyska, Serebryany, Goryachinsk),
opportunistic microorganisms belonging to the genera
Enterobacter, Klebsiella, Escherichia, Citrobacter and the
pathogenic species Clostridium perfringens, which is a
causative agent of human food poisoning and one of
the causative agents of gas gangrene, have also been
detected (Barkhutova et al., 2012). As we mentioned
above, exceedances of values of sanitary-significant
bacteria in the summer period were repeatedly noted
in the Zmeinyi spring. Although according to the
chemical analysis data, the water of the Zmeinyi spring
is constant in time, its composition does not change and
corresponds to the previously obtained data (Namsaraev
et al., 2007; Plyusnin et al., 2013; Kalmychkov et al.,
2020; Chernitsyna et al., 2020). As our studies have
shown, an increased content of sanitary-significant
microorganisms in the thermal spring of Zmeinaya Bay
was observed at different time of the day after the visit
of tourists. The highest values exceeding the normative
values according to SanPiN 1.2.3685-21 were observed
in the evening time of a day (23:00). Early in the
morning, despite the 6-hour absence of bathers, the
values of TCB, E. coli, and enterococci also exceeded
the permissible values. Incomplete self-purification
processes or insufficient dilution of thermal waters
with Baikal waters is evidenced by the values of self-
purification coefficient (2.16 - 2.53) near the pier and
in the lake littoral zone at a distance of 5 m from the
shore.

One of the reasons for constant contamination of
the spring with opportunistic microorganisms may be
high water temperature (40 - 42°C), which is close to the
optimum (37°C) for their growth. For example, E. coli
has a growth optimum of 37°C, although some strains
are able to grow from 40 to 49°C (Ingledew and Poole,
1984). Preservation of bacterial viability, including
sanitary bacteria, may be facilitated by low flow of
the spring and restored environmental conditions. In
streams where water is saturated with O, and water
temperature is ~ 32 - 33°C, microbial abundance also
remains high. The values of TCB, E.coli, and enterococci
abundance meet the norms only in the littoral zone at
a distance of 5 - 20 meters from the shore, where water
temperatures are 17°C. It is obvious that a combination
of such factors as temperature, water renewal rate in the
baths and the number of bathers affect the development
and distribution of opportunistic microorganisms in the
investigated spring and coastal water area. According
to our research results, the waters in the large and
small baths of the thermal spring Zmeinyi do not
meet the requirements of SanPiN 1.2.3685-21 and are
not safe for balneological purposes without special
measures. Possible measures to increase the flow of
waters of this spring is adding Baikal water at night.
Dilution of thermal waters and temporary reduction
of temperature in them can reduce the survival rate of
opportunistic microorganisms and improve the quality
of water in the baths of the spring.
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Fig.3. Number of sanitary-significant microorganisms in
the studied water area during a day

5. Conclusion

According to SanPiN 1.2.3685-21, at different
time of the day in the Zmeinyi spring exceedance
in the norms of sanitary-microbiological indicators
(TCB, E. coli, enterococci) were observed. The highest
content was observed after tourists bathing, their
number remained high and after a 6-hour break. In
the littoral zone of the lake (20 meters from the shore)
the number of the studied groups corresponded mainly
to the norms. It is obvious that a combination of such
factors as temperature, water renewal rate in baths
and the number of bathers affect the development and
distribution of opportunistic microorganisms in the
studied spring and coastal water area.
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Healing springs, as objects of permanent
recreational visit, should be protected from the transfer
of opportunistic bacteria in the places of mineral water
outlet using special measures. There is also an obvious
need to develop regulations for tourists visiting this
spring.
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SHTEPOKOKKN

1. BBeapenue

B  Baitikambckoii  pudtToBoil  30He (BP3)
HaCYMTHIBAaeTCA OKOJIO 60 ruaporepM € pasHBIMU
TeMIepaTypHBIMU XapakTepuctukaMu (JIoMOHOCOB,
1974; BopuceHko u 3amaHa, 1978; 3amaHa 1 Ackapos,
2010). B oOCHOBHOM, BOJB THIPOTEPM HUMEIOT
HaTpHeBbIH COCTaB, HU3KYI0 MUHepasn3anuo (ot 0.1/
— 2.0 r/y1), BBICOKYI0 KOHIIEHTPAIMI0 KPEMHUS B BUJE
opTokpemHueBoit kucaoTel H,SiO, (40 - 120 mr/am®) u
mesiouHyo cpeny (pH 8.5 — 10.0).

HUccnenoBanus CaHUTapHOI'O COCTOSAHUA
TUPOTEPM IPOBOAATCA 3MU30JUYECKU. B I[esIouHBIX
MUHepaJIbHBIX MCTOYHUKAX bBaprysmHCKOH [OJIMHBL
BBISIBJIEHHI BhIcOKHE noka3aTesir OKB, a Takxke HaJinuue
yCJIOBHO-IATOTEHHBIX OakTepuil pogos Enterobacter,
Klebsiella, Escherichia, Citrobacter B 4acTO IOCEL[aeMbIX
ucrounukax (Kyuurep, Ceros, I'opaunHck, Kymebicka),
YTO CBUJETEeJIbCTByeT O OO0JIbIION aHTPOIOreHHON
Harpyske ([Japmaesa, 2007; BapxyToBa u ap., 2012).

Hcrtounuk  3MeuHBbIH, PpacloJIOXKeHHBI B
UMBBIDKYHCKOM  3aJjiiBe, IOJib3yeTcsd  OOJIbIION
[IOIYJIADHOCTBIO, B JIETHUII INepUojl ero IocemiaeT
3HaYMTEeJIbHOEe KOJINYeCTBO TypucTtoB. Ero Bomwl
OTHOCATCAK rNAPOKapOOHATHO-CYJIbhATHBIM, COepXKaT
cepoBogopon (H,S) B xoHuentpauuu 23.2 Mr/i,
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U WUCHOJIb3YIOTCA [AJA JiedeHUsA U NpoduIakTHUKU
pagukyauTra U 3ab0JieBaHUN OIMOPHO-ABUraTeIbHOMN
cuctemnl (Hamcapaes u ap., 2007).

[Ipu ucciaegoBaHWM pasHOOOpas3vs MHUKPOOHBIX
COOOIIeCTB METOJIOM CEKBEHUPOBAHUA peruoHa V2-
V3 rena 16S pPHK nHa miardopme MiSeq (Illumina),
B pa3HBIX YacTaAX UCToyHMKa 3MeuHH B 2019 roay
ObUTY BBIABJIEHBl IpPe/ICTaBUTEIN CeMelCTB, KOTOphle
BKJIIOYAKIOT YycJIOBHO-maTtoreHHsle Buabl (Chernitsyna
et al., 2023). 3HauUTeIbHBIE IPEBHIIIEHNA CAHUTAPHO-
6aKTeproJIOTUYECKUX nokasaresen (CanlluH
1.2.3685-21) B OyxTe 3MenHas oTMevasauch 1 B 2022 T.
KomuectBo OKB B 3TOM palioHe MpeBhIIIAIo
HOpMaTHBHBIE IIOKa3zaTejJd B 2 pasa, SHTEPOKOKKOB
B 44 pasza (Suslova et al.,, 2022). Bce mpefpiayliue
HccJieloBaHNA OCHOBBIBAJINCH Ha pa30BBIX 0TOOpax
00pasIoB, AaHHbIe O JUHAMUKe CaHUTapHO-3HAUYMMBIX

MUKPOOPTaHU3MOB B Te4YeHHWE CYTOK paHee He
TIPUBOVIIVCS.

Llesibio paboTHl ABJISIIACH OI[EHKA YMCIEHHOCTU
CaHUTaPHO-3HAYNMBIX MUKPOOPTaHU3MOB B

TepMaJIbHOM MCTOYHNKe 3MeWHBINl U IpUOpeXHON
30He B TeUeHUe CYTOK A0 U IOCje KyIMaHUs TYPUCTOB,
a Takxe OmpejieJieHe CaMOOYUINAIIIEH CIOCOOHOCTH
npUOPEXHBIX BOA B MECTaX U3JIMBA UCTOYHUKOB.
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2. MaTepuanbl M METOADI

[TpoObl TOBEPXHOCTHOM BOABl OTOWpaAIU B
cootBeTcTBUU ¢ 'OCT 31942-2012 B Majioii 1 60JIBIION
BaHHe (BB, MB), B pyubsAx MaJioii 1 GOJIBIION BaHHBI
(pbB, pMB), y nupca (II), a Takke Ha pacCcTOAHUU 5
u 20 merpax ot 6epera (5 m u 20 m) (Puc.1). OT60p
npo6 nposoauinu 11 utona 2022 roga B 23:00 mociie
OHEBHOTO KymaHHA TYPHUCTOB, 12 HI0JIA paHO yTPOM
rnocjie 6-4acoBOro OTCyTCTBUA Kymnawmuxca U B 9:00
cpasy e mocje KylnaHuA HeCKOJIbKUX T'PYIII TYPHUCTOB.
Bcero otobpaHo 16 o6pa3siioB BoAbl U mpoBefeHo 320
aHau30B B cooTBeTcTBUM ¢ MYK 4.2.1884-04 u I'OCT
24849-2014.

Ha Bcex yyacTkax KauecTBO BOJbI OIleHHBaJIU
IO  OCHOBHBIM  CaHUTapHO-MUKPOOHUOJIOTHNYECKUM
nokazartesiiMm B cootBeTcTBUU ¢ CanlluH 1.2.3685-21.
B xkaxxgom ob6pasiie B COOTBETCTBUU C METOOUYECKUMU
ykazanmamu (MYK 4.2.1884-04, TOCT 24849-2014)
onpene/s caexqyiomue mnokasatesn: OKB, E. coli,
SHTEPOKOKKM, KOJIMYECTBO KOTOPBIX He [JOJIKHO
npeBsimath 500 KOE/100 cm3, 100 KOE/100 cm3, 10
KOE/100 cm3, cCOOTBETCTBEHHO.

[Toacuet o6111ei1 YMCIIEHHOCTU MUKPOOPraHN3MOB
(OUM) MPOBOAWIINA o MeToguKe NpsAMOTO
MHUKPOCKOIIMYECKOTO ToACcYeTa MUKPOOPTaHM3MOB Ha
MeMOpaHHbIX (uabTpax ¢ pasMepoMm mop 0.22 MKM
(PEATPEK-®uibTp) € WUCIOJIb30BaHHMEM KpacUTeJsd
JAOU (4.6-muamuHo-2-bennanHaos) (Porter, 1980).
MUKpPOCKOIIUI0 TMPOBOOWIA Ha 3NUGIyOpecieHTHOM
Mukpockone Axiolmager.M1 (“Carl Zeiss”, l'epmanus).
[IpocmoTpeno He MeHee 20 moJjieil 3penus. Iloacuer
KJIETOK Ha ¢ororpadpuax IpOBOAWIM C IIOMOIIBIO
nporpaMmmel ImageTest. Beruncsienne OUYM npoBoaniv
no popmyiJie:

:a~b'106
c-d-e

X

roe a - 1wmom@anb ¢uibTpa (Mm2); b — uwmcio
MOJICYMTAHHBIX OAKTEPUIl; C —IUIOMAAh MHKPOMETPA
(Mxm2); d — 06beM HaHOCHMMOTO TpemnapaTta (MJI); e —
YHCJIO IPOCYMTAHHBIX moJielt 3penus (Gerhardt, 1981).

Jsa onpenesieHns koaddunreHTa
CaMOOYHIIIeHUs KCIIOJIb30BAJIN MYVYK.4.2.1884-
04. ToacumtaHo obmee MuKpobHoe umcyiio (OMY),
oTpaxarmwiee ofmee cojiepXxaHue Me30(DUIbHBIX
as3pOOHBIX u (daxypTaTUBHO aHadpOOHBIX
MHUKPOOPTaHN3MOB CIIOCOOHBIX 06PAa30BHIBATH HA MSCO-
MEeNTOHHOM nuTaTeibHOM arape (MIIA) KOJIOHUU TIpU
temriepatype 37°C B Teuenue 24 u (MIIA 37°C) u npu
temriepatype 22°C B Teuenne 72 u (MIIA 22°C). Takxe
O OlpeNesieHNs YHCJIEHHOCTH OPTraHOTPOMHBIX
OakTepuil HCIOJIb30BAJI CpeAy C PhIOO-NENTOHHBEIM
arapom (PITA:10), TemnepaTypa KyJIbTUBHPOBaHUA
cocrasJsia 37°C (T'opbenko, 1961).

OU3UKO-XUMHYECKHE XAPaKTEPUCTUKU  BOIBI
(pH, Eh, T) uamepens! ¢ momoinbio mpudopa pH 3310
(WTW, I'epmanus).
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Puc.1. l'eorpaduueckas kapTa palioHa HCCJIeJOBaHUA U
MecT oTbopa npob B 6yxte 3menHas (o3epo Baiikas, Poccus).
BB - Oompmasa BanHa, MB - manasa BaHHa, pbB — pyuein
6oJ1b1I0M BaHHBL, pMB — pyueil masioil BaHHH, IT — nupc, 5 M
- 5 MeTpoB, 20 M — 20 MeTpoB. [TporpamMmmHoe obeclieyeHre
Earth 7.1.8.3036 Pro https://www.google.com/intl/ru/

earth/versions/#earth-pro (mata o6pamenus: 20 despass
2023 rozga).

3. Pe3yAabTarthbl
3.1. OU3UKO-XUMHUYECKHE XapaKTePUCTUKHN
MCTOUYHMKA

HcTtouHuk 3MeuHbIH XapakTepusyercs
OTHOCHUTEJIbHO BBICOKOI TeMIepaTypoi MO CpaBHEHUIO
C JIpyTUMM HCTOUYHHUKAMHM DBapry3mHCKOI KOTJIOBUHBI
(Hamcapaesu ap., 2007). TemnepaTypa BoAbI B 00JIBIIION
BaHHe coctaBisia 43°C, B manon — 38.6°C, pH 9.6.
OKUCJIMTEIbHO-BOCCTAHOBUTEILHBIN MoTeHIraJl
(OBIT) B OoJsibmiON BaHHe OBLT -434 MB, B MaJioi
-427 MB, 4TO CBUAETEJbCTBYET O BOCCTAHOBJIEHHBIX
YCJIOBUSAX B MCTOUHHKe. B ypese BoAbl TeMmepaTypa
BojIbI cocTaBssia 17°C, pH 8.8, OBII -239 mB.

3.2. UUCAEHHOCTb CAHUTAPHO-3HAUYNMbIX
MMKPOOPraHu3MoOB

BeuepoMm 11 wmrosa B 23:00 mocjsie MaccoBOro
KynaHWsA TYPUCTOB B palioOHe BHIXOZ@a TEPMAJIbHOTO
ncrounuka (MB, BB, pMB, pbB) 3adukcrupoBaHbl
BhICOKMe TokasaTeau OMY npu KyJIbTUBUPOBAaHUU Ha
MIIA npu 37°C, ux 3HaueHus BapbupoBasim or 2013
no 12426 KOE/cm® (Puc. 2). B ypese BoAsl y mupca
1 Ha paccrosgHuu 5-20 MeTpoB OT Oepera AaHHBIN
nokasareyib 0bl1 HU3KUM (10-36 KOE/cMm?®). Bosblioe
KOJIUYeCTBO OakTepui, pacTymUX IMPU TeMIepaType
22°C (MITA) u 37°C (PITA:10), 3aperucTpupoBaHO
B pyube MaJioil BaHHHE (mo 5760 u 3613 KOE/cwm3,
cooTBeTcTBeHHO). [TokazaTessr OUM B 3TO BpeMs OBLI
OTHOCHUTEJIbHO BBICOKMM B PY4YbsX OOJIBIION M MaJioi
BaHH W cocraBaAn 8.36+0.34 u 8.28+0.38 muiH.
KJIETOK Ha MJI, cooTBeTcTBeHHO (Tabs. 1).
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Ta6smumna 1. O6mas 9McIeHHOCTh MUKPOOPTaHU3MOB (MJTH. KJI/MJT)

Bpems or6opa

PaiioH oT6opa

BB

MB

pbB

pMB

II

5m

20 M

23:00
5:00
9:00

6.87+0.32

*

4.69+0.11

6.83+0.14
8.02+0.37
3.01+0.22

8.36+0.34
5.09+0.22

8.28+0.38
7.96+0.21

2.05+£0.07
2.27+£0.06

1.97 +£0.05
2.20+£0.07

2.14+0.08
3.00+£0.15

IIpumeuanue: «-» - NCCAEOOBAHUA He MMPOBOAMJIINCE; «*» - UKCJIO MPEBHIIIAIIee MaKCUMAaJIbHOE 3HaUeH e [T MoJIcYeTa Ha

dunpTpax.

Bricokasa uyucieHHocts OKDB 3apeructpupoBaHa
B OOJIBILION U MaJioll BaHHAX, B Py4bsAX U B JINTOPAJIU
y nupca (Puc. 3). Ha paccrosHuu 5 MeTpoB OoT Oepera
JaHHBIM IIOKasaTejlb Takxe ObLUI BBICOK (mo 626
KOE/100 cm®). B o6pa3sue pyubs U3 GOJIBIION BaHHBI
OTMeYeH CIUIOIIHOM pPOCT, a B JIMTOpaJii o3epa, B 20
MeTpax OT pyubsA, JAHHBIM IOKa3aTesib ObLI yXe B
npefesiax HopMbl (180 KOE/100 cm®). Bricokue ypoBHU
OakTepuil KUIIEYHON TNaJOYKU U DSHTEPOKOKKOB,
CBUJIeTeJIbCTBYIOIIE o CBeXeM dexanpHOM
3arps3HeHuN, 3aperucTpyupoBaHbl TOJIbKO B BaHHAaX U
pyubsx. Crnopsl cyJbGUTPEayLUPYIOMINX KIIOCTPUANLL
obHapyXeHBI B OOJIBIION BaHHE U B pyube u3juBa (2 u
1 KOE/20 cM3, COOTBETCTBEHHO).

B 5:00 ytpa 12 wutona mnocjae 6-4acoBOro
IepepelBa, YMCJIEHHOCTb Me30(UIbHBIX a3pOOHBIX
1 (QakyJIbTaTUBHO aHA3pPOOHBIX MHKPOOPraHHU3MOB
pactyuiux Ha MIIA npu Ttemneparype 37°C u
22°C, cHu3wiaack. HMX KOJIMYECTBO BapbUPOBAJIO
oT 563 no 7386 KOE/cm® u ot 23 o 826 KOE/cm®,
cooTtBeTrcTBeHHO (Puic. 2). B nuTopanu Ha paccTOsSHUU
20 M ot Gepera 3HaueHue OMY (MIIA 37°C) Bo3pocJio
1o 3440 KOE/cm®. B 3T0 BpeMs B Majioll U GOJIBIION
BaHHaX 3a(UKCHPOBAaHO MOBHIIEHHE YHCJIEHHOCTU
opraHoTpodHsIx 6akTepuii, pactymux Ha PITA:10 (2330
1 2963 KOE/cM?, cOOTBETCTBEHHO). BricOKOe 3HaUeHME
OUM 65110 3aperucTpupoBaHO B OOJIBIION BaHHE: NMpU
¢unpTpoBaHnu 1 M1 pa3BeleHHOro obpasla, KJIeTKU
00pa30BBIBAJI KOHIJIOMepAaThl, 3aTPyOHAA IIOJCYeT,
YTO He I03BOJIWJIO MOJIyYUTh JOCTOBEPHBIX 3HAUYEeHUN
(tabs.1). Huskue 3Havenus OUM oTmeueHsl y nupca u
Ha paccrosHuu 5 u 20 M ot 6epera. Kosmuectso OKD B
BaHHAX U pyYbsX yBeJIMYMJIOCh IPHUMEPHO B 2 pasa, 1o
CpaBHEeHMUIO ¢ BeuepHUMMU 3HaueHussMu (Puc. 3). Bmecte
C TeM, B IIpUOPEXHOI aKBaTOpPUM HA PacCTOSHUU S5 U
20 MeTpoB OT Oepera AaHHBIU IOKa3aTesib CHU3UJICA
npuMepHO Ha 30 - 40 %. Takxe OTMeYEeHO CHUXEHUe
yucsieHHocTU E. coliviaHTepokokkoB Ha 60 - 70 %. Criopsl
CyIbPUTPeAYLUPYIOUINX KJIOCTPUAUN OOHApyXeHbI
TOJIBKO B py4be GoJibiiod BaHHH (4 KOE/20 cM®) u He
BBIAIBJIEHH! B [PYTUX oOpasuax.

B 9:00 ytpa 12 nrosia nocJsie KynaHus HECKOJIBKHX
rpynn JiioAed, B OoJpIIol M MaJsioii BaHHax OMUY,
yureHHoe Ha MIIA npu 37°C, cHusmiocs o 903
u 1050 KOE/cMm®, CcOOTBETCTBEHHO, B CpPaBHEHUM C
YTPEHHUMHU U BeYepHHMMMU IoKasaTesIIMU. 3HaueHUA
OUM B 0oJ1b1I0ON U MaJION BaHHAX ObLIO OTHOCUTEJIBHO
HU3KuM (4.69+0.11 1 3.01 +£0.22 MJIH. KJIETOK Ha MJI,
cooTBeTcTBeHHO). YucsieHHocTh OKB B 60JIb1110} BaHHE
oCTaBaJiach BBICOKOM, Kak U B 5:00 yTpa, B MaJIoll BaHHe
JAHHBIN MoKasaTesb cHusmicsa no 3246 KOE/100 cm?®
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(cm. puc. 3). KomuecTBo criop cyJibpuTpe ynupyomux
KJIOCTPUAUN B 3TO BpeMs ObUIO MaKCUMAaJIbHBIM U
gocturasio 15 u 12 KOE/20 cm®.

OTHOCUTEJIBHO BBICOKUH K03ddunreHT
CaMOOYHIIleHHUA OTMeUeH B MpUOpexHOU 30He: Y nupca
(2.53) u Ha paccrosHuu 5 MeTpoB oT Gepera B 23:00 u
5:00 (1 u 2.16 cooTBeTCcTBEHHO) (TabII. 2).

4. 06cy)xpenue

O [meseOHBIX  CBOMCTBaX  reoTepMaJsbHBIX
WCTOYHUKOB M3BECTHO MJaBHO. Kak mokasaHo B
pabore BycnoBa C.IT. (BycsiioB, 1990), MuHepasibHas
BoAa uCTOYHUKOB BP3, okxa3piBaeT O0J1arOTBOPHOE
BJIMAHNWE Ha pas3Hble CHUCTEMBl OpraHOB: HEpPBHYIO,
AbIXaTeJIbHYI0, JBUTraTebHYl0, MOYENOJIOBYIO U Op.,
a Takke yJIydlllaeT COCTOsHNE KOXW U CIIOCOOCTBYeT
3aXUBJIEHUI0 paH. I[lo3TOMy HWCTOYHWKH OYEHb
MOMyJIAPHEl CPeAu HaceJeHUus U OTKPBITH [Jis
nocemienns (HamcapaeB u ap., 2007). BmecTe ¢ TeMm,
B TeoTepMaJIbHBIX HCTOYHUKAX BP3 HeogHOKpaTHO
OTMEYaJIOCh IMpEBHIIEHNEe HOPMATUBHBIX 3HAaYE€HUN
CaHUTAPHO-3HAaUMMBIX MUKpoOopranusMosB. Tak, B 2012
rogy B MHUHEpPAJIbHBIX BOIAX JOJUHBI peku Illymak,
BBIABJIEHB! yCJIOBHO-TIATOT€HHBIE OAKTEPUU T'PYIIIIHI
KUIIeYHON najouku u OakTepuu popda Enterococcus
(CycimoBa m gnp., 2013). B XOJIODHBIX U TOPAYUX
ncrounukax Ilpubaiikanesa (Kymeicka, CepeOpsHBIH,
FopsiumHCK), Takxe ObBUTM OOHApYyXXEHBl YCJIOBHO-
NMaTOTeHHble MUKPOOPraHWU3MBI, OTHOcAmMecs K
ponam Enterobacter, Klebsiella, Escherichia, Citrobacter
n naroreHusiii Bun Clostridium perfringens, KOTODBI
ABJAeTCA  BO30yguTesleM MNMINEBBIX  OTPaBJIEHUH
yeJioBeKa 1 OJHMM 13 BO30yauTe ieli ra30BOY raHI'PEHbI
(BapxyrtoBa, JlapmaeBa u Hamcapaes, 2012). Kak MbI
YIOMUHAJIU BhIIIE, TIPEBHIIIEHN 3HAYEHN CAaHUTaPHO-
3HAYUMBIX OAKTEPUI B JIETHUM MEPUOJ] HEOJHOKPATHO
OTMEYaJINCh U B UICTOYHUKE 3MEeNHOM. XOTS 110 JaHHBIM
XAMUYECKOTO aHa/iM3a BOJa HWCTOYHUKA 3MEWHBIN
NOCTOsIHHA BO BpeMeHU, ee COCTaB He HU3MeHAeTCA U
COOTBETCTBYeT paHee oyuyeHHbIM AaHHbIM (HaMmcapaes
u ap., 2007; [InrocHuH U Ap., 2013; Kaameiukos u Op.,
2020; Chernitsyna et al., 2020). Kak nokasaiu Hamm
HCCJIeI0BaHNsA, OBBIIIEHHOE coJiepKaHne CaHUTapHO-
3HAYMMBIX  MUKPOOPTaHU3MOB B  TEPMAaJIbHOM
UCTOYHMKe B OyxTe 3MeHHasA OTMEYeHO B pasHoe
BpeMs CYTOK IocJjle MoceleHusA TypucrtoB. Haubosee
BBICOKME 3HAuYeHWs, MPEBHIIAINEe HOPMAaTUBHEIE TIO
CanlluH 1.2.3685-21, Habtoqauch B BeuepHee BpeMsi
cytok (23:00). PaHO yTpoM, HeCMOTps Ha 6-4acoBOe
OTCYTCTBHE KyNaWIMXCA, 3HA4YeHWA [oKasaresen
OKB, E. coli, >HTEPOKOKKOB TaKXe IpPEBBIIIaIN
JonycTtuMeble 3HaueHuA. O He3aBepIleHHBIX MTpoleccax
CaMOOYMUII[eHUsI WJIM HeJOCTaTOYHOM pa30aBieHun
TEePMAaJIbHBIX BOJ] 0alKaJIbCKUMHU CBHUIETEThCTBYET
3HaueHUs kosddunentra camoounmenus (2.16-2.53)
y nupca M B JIMTOpaJIM O3epa Ha pPacCTOAHUU 5 M OT
Oepera.

OpHoi u3 NIpUYNH MIOCTOAHHON
00CEMEHEHHOCTH MCTOYHUKA YCJIOBHO-MATOT€HHBIMU
MHUKPOOPraHN3MaMM MOXET ObITh BBICOKAs TEMIIEpATypa
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Bomsl B HeM (40-42°C), 6;113Kas K onTuMaJsibHOI (37°C)
s ux pocra. Hampumep, E. coli iMeeT ONTUMyM
pocta 37°C, XOTA HEKOTOpble INTaMMEBI CIIOCOOHBI
pactu ot 40 mo 49°C (Ingledew and Poole, 1984).
CoxpaHeHUI0 >XMW3HEeCrnoCcOOHOCTU OakTepuil, B TOM
4yrcjie CaHUTapHO-3HAaYMMBIX, MOXeT CIOCOOCTBOBATh
HHM3KasA MPOTOYHOCTb MCTOYHHMKA W BOCCTAHOBJIEHHBIE
yCJI0BUA cpefnl. B pyubsax, rae NpoUCcXOoAUT HaCHIIeHUE
Bojbl O,, ¥ TemmepaTtypa BoJsl cocrassaeT ~ 32 - 33°C,
YHCJIEHHOCTh MUKDPOOPTaHU3MOB TaKXke OCTaeTcs
BBICOKOM. 3HaueHus uncieHHoctu OKB, E.coli,
SHTEPOKOKKOB COOTBETCTBOBAJIM HOPMAaTHBaM JIUIIb
B JINTOpaJN Ha paccrosHum 5-20 meTpoB OT Oepera,
rae TeMmnepaTyphsl BoAwl coctasyiasa 17°C. OueBUIHO,
YTO COBOKYITHOCTh TakuX (paKkTOPOB, KaK TeMIeparypa,
CKOpOCTh OOHOBJIEHWA BOJ B BaHHAX U KOJIMYECTBO
KyTamuxcs BAUAIT Ha pa3BUTHE U paclpocTpaHeHue
YCJIOBHO-NIAaTOT€HHBIX MHKPOOPraHNn3MOB B
HCCJIeJTOBaHHOM NCTOYHMKE 1 IPUOPEXXHON aKBaTOPHUU.
I[lo pe3yspTaTamM HalIUX WCCJIEJOBAaHUN, BOABI B
OOJIBIION U MaJIoll BaHHAX TepMaJIbHOIO MCTOYHUKA
3MeuHBIIl He COOTBETCTBYIOT TpebOoBaHuaM CanllnH
1.2.3685-21 u He Ge3omacHHI JJ1s 0aJIbHEOJIOTMUYECKUX
nesieli 6e3 MpoBefeHUA CIelUaJbHBIX MEepONpUATHM.
B kauecTBe TakuMxX MepOIPHUATHI MOXHO YBEJINYUTH
MPOTOYHOCTh BOJ 3TOr0 HCTOYHMKA, HOoOaBIeHUEM
OalikaJIbCKOW BOABI B HOYHOe BpeMs. PasbasieHue
TepMaJIbHBIX BOJl Y BpEMEHHOEe CHIXXEeHNE TeMIepaTyphl
B HHUX MOXeT CHHU3WUTh BBDKMBAE€MOCTb YCJIOBHO-
MaTOTeHHBIX MUKPOOPTaHW3MOB U YJIYUIINTh KaueCTBO
BOJIbl B BAaHHAX MCTOYHUKA.

5. BoiBOADI

B pasnuuHoe BpeMsA CYTOK B MCTOYHHKE
3MeuHbIll HaOJIOAAJIMCh IpPEBBHILIEHUA HOPMaTHBOB
CaHUTapHO-MUKpoOHrosiornueckux nokasaresiein (OKB,
E. coli, >HTepoKOKKOB) B cooTBeTcTBUM ¢ CaulluH
1.2.3685-21. Haubosee  BBICOKOE  COJep>XaHHe
OTMevaJjIoCh MOcJjie KynaHusa TypUCTOB, UX KOJIMYECTBO
OCTaBaJIOCh BBICOKUM U ITOCJIe 6-4acoBOro nepepuia. B
auTtopaiu o3zepa (20 MeTpoB OT Gepera) YKMCJIEHHOCTb
WUCCJIEJOBAHHBIX T'PYNI B OCHOBHOM COOTBETCTBOBaJia
HopMaTuBaM. O4eBHJHO, YTO COBOKYIHOCTb TaKUX
(dakTopoB, Kak TemIepaTrypa, CKOpPOCTb OOHOBJIEHUA
BOJ B BaHHAX M KOJIMYECTBO KyMAIINXCA BJIVAIT Ha
pa3BuTHe U paclpocTpaHeHHe YCJIOBHO-MAaTOTeHHBIX
MHUKPOOPTaHU3MOB B MCCJIEJOBAHHOM WCTOYHUKE U
NpuOpeXHOI aKBaTOPUU.

[{es1e6HbBIE NICTOYHUKH, KaK 00bEKTHI IOCTOSHHOTO
peKpeanroHHOIO MOCEeHNA, JOI)KHBI OBITh 3aITUIIeHBI
OT TMOMaJaHuA VCJIOBHO-TIATOTEHHBIX OakTepuili B
MecTax BBIXOJJa MMHEpaJbHBIX BOJ ITOCPeACTBOM
NMpoBeJleHUA CIeIUaibHbIX MepompuAtuil. Takke
ouyeBHHA HEOOXOAMMOCTh pa3pabOTKU perjaMeHTa
NnocenieHusA TypuCcTaMu JaHHOTO UCTOYHMKA.

BAaaropapHoCTH

ABTOPBI BRIpAXXAIOT 6J1ar0JapHOCTh COTPYTHHUKAM
JIMMHOJIOTY€eCKOTO WHCTUTYTa 3axapeHKOo

154

Anexcanape CepreeBHe u CycsioBoii Mapuu HOpreBHe
3a mpakThyeckue pekoMmeHjanuu. Pabora BbimosiHeHa
B paMKax TeMmbl roc. 3aganus Ne 0279-2021-0006
(121032300223-1).

KoHPAUKT UHTEpecoB

ABTOpPHI 3asBJIAIOT 00 OTCYTCTBUU KOH(MJIMKTA
HHTEPECOB.

CnucoK AuTepartypbl
bapxyrosa .., [HapmaeBa b.B., Hamcapaes
B.b. 2012. CaHuTapHO-MHUKpOOHOJIOTMYeCKas  OILleHKa

XOJIOAHBIX ApIIAHOB U TOPAYNX MHHEPAJIbHBIX MCTOYHUKOB
[pubaiikasbs. Acta Biomedica Scientifica 5(1):193-196.

Bopucenko MN.M., 3amana JI.B. 1978. MuHnepasbHas
Bofga Bypsarckoit ACCP Vnan-Ypae: BypsArckoe KHUXHOe
HU30aTeJIbCTBO.

Bycsos C.I1. 1990. PexpeaiiroHHbIe pecypchl 6acceiiHa 03.
BarikaJt 1 mepcreKTHBh UX MCIIO0JIb30BaHuA. B3anmoelicTBre
COLINAIBHO-3KOHOMUYECKOT'0 PAa3BUTUA M OXPaHBl IPUPOLH! B
BatikanbckoM pernoHe. HoBocuGupcek.

l'opbenko I0.A. 1961. O HaubGoJiee O6JIarONPUATHOM
KOJIMYECTBE CYXOro IHMTATeJIbHOrO arapa B cpefax
Ul KyJIbTUBHPOBAaHMA  MOPCKMX  MHKDPOOPIaHH3MOB.
Mukpo6uosiorus 30(1):168-172.

I'OCT 31942-2012. Bopga mnutkeBasg. OTOOp mpob A
MuKpo6uosorndeckoro anaimsa URL: https://docs.cntd.ru/
document/1200097811

I'OCT 24849-2014. Bopma. Cooco6 caHMTapHO-
0aKTeproJIOrNYecKoro aHajusa JJis nojeBbix yciaoBuii URL:
http://docs.cntd.ru/docu-ment/1200115427/

JapmaeBa B.B. 2007. CaHuTapHO-3KOJI0TrHYecKas
olleHKa MHHepaJbHBIX MCTOYHMKOB Ilpubalikajgpa IO
MHKPOOHOJIOTUYeCKUM NoKa3aTeJIAM. Kananpartckas

auccepraius, denepanbHoe rocygapCTBEeHHOE yupexJeHHe
3gpaBooxpaHeHusa «lleHTp TUrueHsl U SNUAEMHOJIOTHUH B
Pecny6snike Bypatus», Yiau - Y3, Poccus.

3amana JI.B., Ackapor III.LA. 2010. ®Top B a30THBIX
TepMmax BayHToBckoll rpynmnel (CeBepHoe 3abaiikajibe).
BectHuk BypsaTckoro rocyjapcTBeHHOro yHuBepcurera (3):8-
12.

KaymmbiukoB I'.B., Hachikubo A., TlokpoBckuii B.I. u
ap. 2020. MetaH ¢ aHOMAaJIbHO BBICOKMMU 3HAYE€HUSIMH O
13 C u 8D u3 mpuOpexXHbIX TePMaIbHBIX UCTOYHUKOB 0O3€pa
Barikas. Jlutonorua W moJiesHsle uckomaemsele 55(6):439-
444. DOI:10.31857/50024497X20040035

JlomoHocoB M.C. 1974. Teoxumua u ¢GopMHUpOBaHUE
COBpPEMEeHHBIX THApoTepM balikanbckoll puUGTOBON 30HBHIL
Hosocubupck: Hayxka.

MVK 4.2.1884-04. CaHUTapHO-MHKPOOMOJIOTUYECKUI
u CaHUTApPHO-NIapa3UTOJIOTNYeCKU a”anus3 BOJIBI
TIOBEPXHOCTHBIX BOAHBIX 00bekTOB URL: http://docs.cntd.ru/
document/1200039680/

Hamcapaes b.b., Xaxunos B.B., I'apmae E.X. u nap.
2007. BoxHble cucTteMbl Bapry3smHCKON KOTJIOBHHEL. YJIaH-
Y o: U3natesibeTBO BypATCKOro rocyHuBepcureTa.

I[ImocuuH A.M., 3amana JI.B., lIBapues C.JI. u gp. 2013.
I'maporeoxuMuyeckrue OCOOEHHOCTU COCTaBa a30THBIX TEpPM
bBatikasbckoii pudToBOil 30HEL. I'eosiorua u reodusuka
54(5):647-664.

CanlluH 1.2.3685-21. T'urueHmyeckre HOPMBI U
TpeboBaHUA K obecreueHuro Oe3omacHocTyt U (WJm)
0e3BpeHOCTH [Jis 4esioBeKka (aKTOpPOB Cpebl OOMTaHUSA
URL: http://docs.cntd.ru/document/1200006938/



https://docs.cntd.ru/document/1200097811
https://docs.cntd.ru/document/1200097811
http://docs.cntd.ru/docu-ment/1200115427/
https://www.doi.org/10.31857/S0024497X20040035
http://docs.cntd.ru/document/1200039680/
http://docs.cntd.ru/document/1200039680/
http://docs.cntd.ru/document/1200006938/

Enosckasi N.C. u dp. / Limnology and Freshwater Biology 2023 (5): 145-155

CycioBa M.IO., KpaBuenko O.C., Koctopuosa T.f. u gp.
2013. CaHuTapHO-0aKTepuoJiornyeckass oOlleHKa KauyecTBa
BOJl B MeCTax BBIXOZOB MUHEPAJbHBIX NCTOYHUKOB JIOJIMHBI
pexku Ilymak (TyHkuHCKHe rosbubl, BocTounas Cubups).
BafikaysbCcKuil MeJUITMHCKUH XypHasT 117(2):092-095.

Chernitsyna S.M., Khalzov LV., Pogodaeva T.V. 2020.
Distribution and morphology of colorless sulfur bacterium
of the genus Thiothrix in water reservoirs of Baikal rift
zone. Limnology and Freshwater Biology (4):976-978.
DOI:10.31951/2658-3518-2020-A-4-976

Chernitsyna S.M., Elovskaya I.S., Pogodaeva T.V. et al.
2023. Bacterial Communities in a Gradient of Abiotic Factors
Near a Sulfide Thermal Spring in Northern Baikal. Diversity
15(298):1-15. DOI:10.3390/d15020298

Gerhardt P. 1981. Manual of methods for general
bacteriology. Washington: American Society for Microbiology.

Ingledew W.J., Poole R.K. 1984. The respiratory chains of
Escherichia coli. Microbiology and Molecular Biology Reviews
American Society for Microbiology 48(3):222-271.

Porter K.G. 1980. The use of DAPI for identifying and
counting aquatic microflora. Limnology and Oceanography
25:943-94.

Suslova M.Yu., Podlesnaya G.V., Zimens E.A. et al. 2022.
Sanitary-microbiological characteristics of the coastal zone
of Lake Baikal during the seasonal change in the lake level
in 2022. Limnology and Freshwater Biology (6):1724-1727.
DOI:10.31951/2658-3518-2022-A-6-1724

155


https://www.doi.org/10.31951/2658-3518-2020-A-4-976
https://www.doi.org/10.3390/d15020298
https://www.doi.org/10.31951/2658-3518-2022-A-6-1724

	Sanitary-microbiological characteristics of water in the area of the Zmeinyi thermal spring (Northern Baikal, Russia, 2022)
	1. Introduction

	2. Materials and methods

	3. Results

	3.1. Physicochemical characteristics of the spring

	3.2. Number of sanitary-significant microorganisms


	4. Discussion

	5. Conclusion

	Acknowledgments

	Conflict of interests

	References


	Санитарно-микробиологическая характеристика воды в районе термального источника Змеиный (Северный Байкал, Россия 2022 г.
	1. Введение

	2. Материалы и методы

	3. Результаты

	3.1. Физико-химические характеристики источника

	3.2. Численность санитарно-значимых микроорганизмов


	4. Обсуждение

	5. Выводы﻿

	Благодарности

	Конфликт интересов

	Список литературы



