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ABSTRACT. Water quality of water bodies situated near populated localities is an important ecological
problem. To estimate water quality in Lake Saysary and Lake Sergelyakh within Yakutsk City, hydro-
chemical, geochemical and microbiological methods were used. By research moment, the water in these
lakes did not meet quality norms established for water of water bodies for fishery use as well as for
drinking and cultural-domestic water use. The data obtained make pay attention to the necessity of the
control for limitation of water use from these lakes for human needs and of activities for improvement

of their quality.
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1. Introduction

Yakutsk City is the capital of Sakha Republic
(Yakutia) and one of the largest cities in Russia within
permafrost zone, the abundance of which increases per-
manently (Gorokhov, 2023) like its territory reaching
160 km? (Ksenofontova et al., 2013). For January 1,
2023 the abundance of the city population was 378.5
thousand people (Gorokhov, 2023; Population...,
2023). The city is situated on I and II flood-plain ter-
races in the central part of Tuymaada valley in mid-
dle current of the Lena R. left shore. The valley width
in Yakutak City area reaches 18-20 km, among which
ca. 8 km belong to modern bed of the Lena River with
numerous island, by-arms and bayou lakes (Nikolaev
and Arkhipov, 2021; Popova and Fedulova, 2022).
There are on the city territory numerous lakes, five
of them are largest (Beloye, Khatyng-Yuryakh, Ytyk-
Kyuel’, Sergelyakh, Saysary) (Legostaeva and Rufova,
2022). These lakes are related to water erosional type,
their shapes are round and oblong (Ksenofontova et al.,
2013). The urban lakes are very important for amenity
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needs — they are used for recreation and watering in
market-gardening (Rufova et al., 2012; Ksenofontova et
al., 2013). Nowadays the lakes are under high anthro-
pogenic press, as there are on the city territory large
industrial, agricultural, housing and municipal and fuel
and energy enterprises (Rufova et al.,, 2012). Before
active building of the city in 1960ies (Makarov and
Chizhuk, 2009; Popova and Fedulova, 2022), the lakes
had a good by-channel system, were supplied from
the Lena River and from small rivers (Shestakovka,
Markhinka). Due to the increase of Yakutsk City ter-
ritory and building in it, the flowage of major part of
lakes was disturbed. Due to this fact, the lakes, which
were cleaned regularly in natural way, started to get
dirty, blossom, overgrow with rush and become shal-
low, and these processes resulted in decline of their eco-
logical state (Ksenofontova et al., 2013). Since 2011,
Yakutsk City authorities undertake activities for recon-
stitution of the flowage of the urban lacustrine system
(Legostaeva and Rufova, 2022; Nikolaev and Arkhipov,
2021) which, in some cases, resulted in improvement
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of ecological situation, for example, in Lake Saysary
(Cherdonova and Popova, 2022). However, despite
this, the drainage systems litter rapidly (Nikolaev and
Arkhipov, 2021). The analysis of data bases by chem-
ical composition of large lakes residential territories
shows that since 1985 their mineralization decreases,
main contribution of it belongs to more mineralized
mineral waters (Legostaeva and Rufova, 2022). The
same data suggest that seasonal and in some cases
interannual variations of main hydrochemical charac-
teristics are partly determined by riverine influence.
Along with this, anthropogenic pressing is found out
by numerous chemical (Makarov and Chizhuk, 2009;
Rufova et al., 2012; 2013; Ksenofontova et al., 2013;
Rufova and Ksenofontova, 2015; Rufova & Tatarinova,
2015, Kaidalova and Olesova, 2019; Gabyshev and
Gabysheva, 2020; Nikolaev and Arkhipov, 2021,
Popova and Fedulova, 2022; Legostaeva and Rufova,
2022; Rufova, 2023) and biological (Vasilyeva, 1968;
Kopyrina, 2013; Tatarinova and Salova, 2013; Rufova
and Tatarinova, 2015; Grigorieva and Solovieva, 2020;
Gabyshev and Gabysheva, 2020; Cherdonova and
Popova, 2022) components.

Earlier monitoring studies of water were per-
formed at Lake Saysary (2009-2021) and Lake
Sergelyakh (2009-2014) during open water period
(Makarov and Chizhuk, 2009; Rufova et al., 2012; 2013;
Ksenofontova et al., 2013; Rufova and Ksenofontova,
2015; Rufova and Tatarinova, 2015; Kaydalova and
Olesova, 2019; Nikolaev and Arkhipov, 2021). Table
1 presents data on limits of variations of hydrochem-
ical and geochemical indicators compiled with their
averaged values for the period from 1985 till 2021
(Legostaeva and Rufova, 2022), with fishery norms
(Order..., 2016) and with norms for drinking and cul-
tural-domestic water use (SanPiN 1.2.3685-21).

Data for water microbiological characteris-
tics of Lakes Saysary and Sergelyakh water published
in scientific papers were not found by the authors.
Internet provides information from Russian Consumer
Protection Agency about swimming prohibition in Lake
Sergelyakh due to exceed of norms of sanitary-epidemi-
ological indicators (Swimming..., 2021).

Earlier the analysis of water quality in Yakutsk
City lakes was performed during open water period.
However, during major part of any year, eight months,
these lakes are covered with ice. Permanent ice cover
occurs since late September — early October, ice melting
started in middle May, ice cover disappears completely
in late May or early June (Nikolaev and Arkhipov,
2021).

In order to determine waters quality and ecolog-
ical state of Lakes Saysary and Sergelyakh during ice
period, a comprehensive analysis of samples collected
in late April — early May of 2021 was performed. The
paper presents for the first time the results of microbi-
ological studies (total bacterial abundance — TBA, total
microbial count at 22°C (TMC22) and 37°C (TMC37),
Escherichia coli and bacteria of the genus Enterococcus)
in water from these lakes, of expanded water geochem-
ical analysis (66 chemical elements) and of additional
hydrochemical indicators (concentration of total and
organic phosphorus, permanganate oxidability).
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2. Materials and methods
2.1. Description of the studied area

Lake Saysary

One of best studied lakes is Lake Saysary situated
in the southern part of the city (Fig. 1), is included in
the list of unique Yakutian lakes and is sacred in the
history and legends of Yakut people and homeland of
Sakha people (Nikolaev and Arkhipov, 2021). In win-
ter, the lakes is actively used by city residents for ski-
ing, in spring — for skating and mass feasts (Nikolaev
and Arkhipov, 2021). The lake depression is situated
on the II above flood-plane terrace and is related to
erosional-anthropogenic genetic type (Kaydalova and
Olesova, 2019; Cherdonova and Popova, 2022; Popova
and Fedulova, 2022). The supply incomes mainly from
precipitations (Kaydalova and Olesova, 2019; Popova
and Fedulova, 2022). The lake sizes are as follows: the
length is 1.4 km, the average width is 0.35 km, the
maximal width is 0.47 km, the water table area is 0.49
km?; the average depth is 2.65 m, the maximal one is 6
m; the lakes volume is estimate as much as 1.23 million
m?® (Legostaeva and Rufova, 2022). Snow cover height
on Lake Saysary is 0.38 m, average ice thickness is 1.3
m (Nikolaev and Arkhipov, 2021). During recent years,
anthropogenic impact onto the water body increased
much, the water table area considerably decreased due
to shores dumping for building, sewer plumbing and
building and household wastes discharge (Rufova et al.,
2013).

Lake Sergelyakh

Lake Sergelyakh is situated sowthward from
Lake Saysary (Fig.) and is connected with it with pipes
and a channel (Cherdonova and Popova, 2022). Lake
Sergelyakh has a narrow serpentine shape. Total lake
length by different estimates is from 6 (Legostaeva and
Rufova, 2022) to 8 km (Ksenofontova et al., 2013), its
average width is 0.08 km, maximal one is 0.15 km,
water table area is 0.47 km?, water volume is 0.42
million m3, average depth of the lake is 0.88 m, and
maximal one is 2 m (Legostaeva and Rufova, 2022).
According to satellite images (software SASPlanet with
open access), the length of main part of united water
body is 8 km 300 m, there are also branches with total
length of 1.5 km.

2.2. Sampling

Water was sampled in the end of ice-cover period
in 2021 - on April 21 from Lake Saysary (N 62° 01’10.0”,
E 129°41°38.6”) and on May 4 from Lake Sergelyakh (N
61° 59’53.7”, E 129°39°07.3”) (Fig.). The snow thick-
ness of Lake Saysary was 32 cm, the ice thickness was
105 cm, the water depth was 4 m, on Lake Sergelyakh
— 0.5 cm, 105 cm and 1.5 m, respectively. Water was
sampled with a Niskin bottle (volume of 2 dm?®) from
the depth of 1 m (from lower ice surface).

For hydrochemical analysis, water samples were
spattered into 1.5 L PET bottles. To determine biogenic
components and organic matter, the bottles were fro-
zen, to determine other hydrochemical indicators, the
bottles were kept in a fridge. Determination of pH was
done several hours later after the sampling.
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Fig. Lacustrine-riverine network in Yakutsk City. Sampling stations are shown with red circles. Yellow dashed line shows the
channel connecting Lake Sergelyakh with Lake Saysary. The satellite image is from open sources (resource SASPlanet).

For multielemental ICP-MS analysis, water was
sampled from a Niskin bottle with single use medical
syringes with volume of 10 mL. Samples were imme-
diately filtered through single use polystyrol sterile
syringe nozzle Minisart 16555-K (pores size was 0.45
um, cellulose acetate, Sartorius Stedim Biotech Gmbh,
Germany) into preliminary weighed polypropylene
Eppendorf test tubes (2 ml, Axygen Scientific, Cat.-No.
MCT-200-C, USA, Mexico) containing 40 uL of preserv-
ing agent. We used as a preserving agent 70 % HNO,
purified twice with a subbboiling system for acids dis-
tillation (Savillex DST-1000 sub-boiling distillation sys-
tem, Japan). Indium (1008 ppb) was added into nitric
acid as an internal standard. The preserving agent was
added into Eppendorf test tubes by weighing method.
Test tubes with water samples were weighed under lab-
oratory conditions, and accurate content of nitric acid
(typically 2 %) and of indium (typically 30 ppb) was
calculated. All necessary weighing was done using an
analytical balance Mettler Toledo AG104 (weighing
error is + 0,0003 g).

For microbiological analysis, water was sam-
pled from a Niskin bottle into new plastic bottles with
volume of 0.5 L in two replications. Time period from
sampling till microbiological analysis did not exceed 6
hours according to (GOST 31942-2012).

2.3. Hydrochemical analysis

Chemical composition was determined by meth-
ods adopted in freshwater hydrochemistry (Baram
et al., 1999; Fomin, 2000; Wetzel and Likens, 2000;
Guidelines..., 2009). To measure pH value, we used a
pH meter with a combined electrode and a thermocom-
pensator “Expert-001” (Russia). Total nitrogen, phos-
phorus and organic matter content was determined in
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non-filtered samples, and biogenic elements and major
ions content — in samples filtered through membrane
filters with pore size of 0.45 um. Biogenic elements
concentrations were measured using a spectrophotome-
ter «UNICO-2100» (USA): nitrites — with Griess reagent,
nitrates — with sodium salicylate, ammonium nitrogen
— by indophenol method, phosphates — by Denigés-
Atkins method with tin chloride as a reducing agent.
To determine siliceous acid, we used a spectrophotom-
etry method based on measuring of staining intensity
of yellow silicomolibdic heteropoly acid. Total phos-
phorus and nitrogen content was measured after high
temperature persulfate oxidation on a spectrophotom-
eter, organic matter content was estimated by perman-
ganate (PMO) and bichromatic oxidability (referred
as chemical oxygen demand — COD). Concentration of
ions HCO,, CI, and SO,* was determined by method of
high-performance liquid chromatography with indirect
UV-detection (“Milichrom A-O2”, Russia), of ions Ca?*
and Mg?* — by absorption method, and Na* and K* — by
flame emission one («<AAS-30», Germany).

2.4. Multielemental ICP-MS analysis

Prepared water samples were measured at a
quadruple ICP-MS mass-spectrometer Agilent 7500 ce
in Common Use Center “Ultramicroanalysis” in LIN
of RAS SB according to approaches developed earlier
(Chebykin et al., 2012; 2020). The loading of the water
samples to the spectrometer measuring system was per-
formed using a acid-resistant interface. The latter con-
sisted of a borosilicate MicroMist nebulizer (solutions
supply regime is self-pulverizing ca. 200 pul/min), a per-
fluoroalkoxy (PFA) Scott spray chamber and gas quartz
torch with a ruby injector and a ShieldTorch system.
Measurements were performed in “hot plasma” mode
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(plasma generator capacity was 1580 W) without a col-
lision cell.

The solutions were measured in a scanning mode
with an additional desensitization of signals by 30
times for the isotopes *Na, Al, 28Si, **K and '°In (3
channels per mass, 0.05 sec per channel, total scanning
time of a mass spectrum was — 62 sec, washing between
samples was — 60 sec).

To calibrate the mass-spectrometer, we used mul-
tielemental standard solutions ICP-MS-68A-A and ICP-
MS-68A-B (HIGH-PURITY STANDARDS, Charleston,
USA), a sample of Baikalian bottled water (for Na, Mg,
Si, S, Cl, K, Ca, (Suturin et al., 2003)), as well as cat-
ions (Na, Mg, K, Ca, Fe, Hg) and anions (Si, P, S, Cl, Br,
D) solutions made by mixing of single-element ICP-MS
standard solutions from Inorganic Ventures (USA).

Correction for interfering molecular ions (MeO*,
MeOH™, MeAr*, MeCl*) was done uning the approach
described in (Aries et al., 2000).

Typical measuring errors (variation coefficient of
RSD) depending on chemical elements concentrations
are in the following ranges: <0.001 pg/dm?® - RSD > 25
%; 0.001-0.1 pg/dm? — RSD 25-10 %; 0.1-1 pg/dm?® —
RSD 10-5 %; >1 pg/dm?® - RSD 5 %.

2.5. Microbiological analysis

Total bacterial abundance (TBA) was counted
by method of direct accounting of prepaprations
stained with a fluorochromic dye DAPI (4,6-diamidi-
no-2-phenylindol) (Porter and Feig, 1980), using epi-
fluorescent microscopy (Axiovert 200 Zeiss, Germany)
with an ultraviolet lamp HBO 50W/AC ASRAM with
excitation spectrum of 365 nm (Bashenkhaeva et al.,
2015). While calculating cells, minimum 30 eyepiece
fields per sample were examined, calculations were
performed using a recommended formula (Murray et
al., 1994).

Organotrophic bacteria were determined under
different culturing conditions. Fish-peptone agar
diluted 10 times (FPA/10) was used to determine the
abundance of autochtonous microflora natural for this
water body, the inoculations were incubated at 22 °C
during 72 h (TMC 22) (Gorbenko, 1961). On meat-pep-
tone agar (MPA), after incubation at 37 = 1 °C during
24 h, we determined the abundance of allochtonous
microflora supplied into the body due to anthropogenic
pollution (TMC37). Self-purification coefficient (SPC)
was determined by ratio of values of TMC indicator
determined at temperatures of 22°C and 37 °C.

Sanitary-microbiological indicators were deter-
mined according to (SanPiN 1.2.3685-21). Detection
and counting of the studied bacterial groups were per-
formed by method of membrane filtration on nitrocel-
lulose filters with pores diameter of 0.45 um according
to (MUK 4.2.1884-04) and (GOST 24849-2014). The
abundance of thermotolerant E. coli was determined
by method of membrane filtration using High-chrome
agar (produced by «Himedia» No M1571) (GOST
24849-2014).

The presence of faecal enterococci was revealed
by method of membrane filtration using nutrient selec-
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tive agar Slanetz and Bartley Medium (produced by
«Himedia» No M 612) and Bile Esculine Azide Agar
(produced by «Himedia» No M493) (GOST 24849-
2014). The results were analyzed according to (MUK
4.2.1884-04, GOST 24849-2014).

3. Results and discussion
3.1. pH, composition of major ions

During the studies period, both lakes water had
a weakly alkaline reaction, and, according to classifica-
tion by Alekin (Alekin, 1953), was related to hydrocar-
bonate class (Table 1). Among cations, Ca2+ and Na+
dominated in the water of both lakes, In Lake Saysary,
the concentration of Na+ (117 mg/dm3) was a little
higher than one of Ca2+ (82.4 mg/dm3), and in Lake
Sergelyakh, vice versa, the concentration of Ca2 + (28.4
mg/dm3) was a little higher than one of Na+ (24.8
mg/dm3). In Lake Saysary, major ions concentrations,
except SO42-, exceeded their averaged values obtained
during 1985-2021 (Legostaeva and Rufova, 2022)
(further we are going to use the term “characteristic
values”) 1.5-3 times, and total mineralization (1030
mg/dm3) - ca. 2 times. Concentration of K+, Ca2+
and HCO3- in Lake Saysary exceeded maximal values
observed during open water period in 2009-2021 (the
range of concentrations variations for the accessible
observations period will be called further “monitoring
values”). This may suggest both more intensive feeding
with underground and riverine waters in winter com-
pared to atmospheric moisture and anthropogenic fac-
tors impact (Rufova et al., 2012), drainage from which
can income into the lake with ground waters (Makarov
and Chizhuk, 2009).

Mineralization of Lake Saysary (1030 mg/dm?)
exceeded a little maximum permissible concentrations
(MPC) for drinking water of centralized water supply
(1000 mg/dm?®) but was less than MPC for drinking
water of non-centralized water supply (1500 mg/dm?)
(SanPiN 1.2.3685-21). Among major ions, concentra-
tion of Mg?* (50 mg/dm?®) in Lake Saysary reached
MPC for drinking and cultural-domestic water use
(MPC_dr_c/dom) and exceeded norms for fishery pur-
poses (1.25 MPC_f). Water hardness in Lake Saysary
(8.3 meq/dm?) exceeded MPC for drinking water from
centralized water supply 1.2 time (7 meq/dm?) but was
less than MPC for drinking water from non-centralized
water supply (10 meq/dm?3).

Lake Sergelyakh is fresher, water mineralization
(major ions sum) in it was 279 mg/dm?, this is 3.7 times
less than in Lake Saysary (Table 1). Major ions concen-
tration in Lake Sergelyakh was 1.5-2 times lower than
characteristic values, this may suggest other character
of lake hydrological regime compared to Lake Saysary.
Concentration of K* in Lake Sergelyakh exceeded a lit-
tle maximal monitoring values observed during open
water period in 2009-2014.

3.2. Biogenic components

Maximal concentration of ammonium (NH,*
2.27 mg/dm?®) exceeding both norms (4.5 MPC_f
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(Order..., 2016) and 1.5 MPC._dr c/dom (SanPiN
1.2.3685-21)) was found in Lake Saysary (Table 1). In
Lake Sergelyakh, concentration of ammonium (NH,* =
0.66 mg/dm?®) exceeded fishery norms 1.3 times.

According to classification of pollution degree of
water bodies by ammonium nitrogen content (in mg/
dm3): very clean (<0.05), clean (0.05-0.1), moderately
polluted (0.2-0.3), polluted (0.4-1.0), dirty (1.1-3.0)
and very dirty (> 3.0), (Kharaev et al., 2004), Lake
Saysary is related to the category “dirty”, and Lake
Sergelyakh — to category “polluted”. The obtained
ammonium concentrations in Lake Saysary are close to
maximal monitoring values (3.4 mg/dm?®) and are 3.6
times higher than characteristic values (0.63 mg/dm?).
In Lake Sergelyakh, ammonium concentration is 2.4
times lower than maximal monitoring values (1.6 mg/
dm3), however, it is almost twice higher than character-
istic values (0.35 mg/dm?) (Table 1).

Concentration of ammonium oxidation prod-
ucts (NO,, NO,) in Lake Saysary is less than in Lake
Sergelyakh (Table 1). This suggests that Lake Saysary is
more effected by intensive fresh faecal pollution.

Concentration of nitrites and nitrates in both
lakes was less than established norms. Concentration of
nitrites in Lake Saysary is very small (0.003 mg/dm?),
seven times lower than minimal monitoring values
(0.02 mg/dm?®) and 43 times lower than characteristic
values (0.13 mg/dm?).

Concentration of nitrites in Lake Sergelyakh
(0.046 mg/dm?) is comparable with monitoring values
(<0.05 mg/dm?) and 1.5 time higher than characteris-
tic values (0.03 mg/dm3).

Concentration of nitrates in Lake Saysary (0.41
mg/dm?®) was 5.4 times lower than maximal monitoring
values (2.2 mg/dm?®) and 2.8 times lower than charac-
teristic values (1.16 mg/dm?).

Concentration of nitrates in Lake Sergelyakh
(1.22 mg/dm?®) was almost by one order of magnitude
higher than characteristic values (0.13 mg/dm?3). At
monitoring studies during open water period in 2009-
2014, nitrates in Lake Sergelyakh were not found, the
authors (Rufova and Ksenofontova, 2015; Rufova and
Tatarinova, 2015) do not present detection limits.

In the whole, summary concentration of nitro-
gen under its different forms (NH,*, NO,, NO,) in Lake
Saysary was 2.3 times higher than in Lake Sergelyakh.
It is seen in Figure 1 that Lake Saysary is in the area
of dense urban buildings, and Lake Sergelyakh - in
horticultural business areas. Summary concentration
of nitrogen under its different forms in Lake Saysary
exceeded characteristic values 2.3 times, and in Lake
Sergelyakh 2.6 times; this is probably due to peculiari-
ties of ice-cover period.

By concentration of phosphates (1.04 mg/dm?) at
studies period, Lake Saysary is related to the category
of hypertrophic water bodies (Table 1). Phosphates
concentration exceeded at that time characteristic val-
ues (0.44 mg/dm?) 2.4 times and maximal monitoring
values (0.76 mg/dm?®) 1.4 time. In Lake Sergelyakh,
phosphates concentration (0.162 mg/dm3) was 6.4
times less than in Lake Saysary, two times lower than
characteristic values (0.33 mg/dm?®) and by one order
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of magnitude lower than maximal monitoring values
(2.4 mg/dm?). By concentration of phosphate at studies
moment, Lake Sergelyakh is related to the category of
mesotrophic water bodies (0.15-0.45 mg/dm?).

Concentration of total phosphorus (P_tot) in Lake
Saysary was 0.53 mg/dm?, and one of organic phospho-
rus (P_org) — 0.19 mg/dm?. Fraction of P_org in Lake
Saysary water was 36%. Concentration of P_tot in Lake
Sergelyakh was 0.23 mg/dm?, this is 2.3 times lower
than in Lake Saysary. Concentration of P_org in Lake
Sergelyakh was almost the same as in Lake Saysary and
was ~ 0.18 mg/dm?. Thus, fraction of P_org in Lake
Sergelyakh water was 77%, this is twice higher than in
Lake Saysary. This suggests a more effective phosphor
utilization by biota in Lake Sergelyakh.

Differences of lakes by biogenic charge is proba-
bly due to uneven distribution of anthropogenic factors.

Concentration of Si in Lake Saysary (1760 pg/
dm?®) and in Lake Sergelyakh (1590 pg/dm?®) was com-
parable. During the studies period, by this indicator
water in both lakes is suitable for drinking and cultur-
al-domestic water use, as it is ca. six times lower than
MPC_dr_c/dom (10 000 pg/dm?). Fishery norm for Si
is not established. We failed to find characteristic and
monitoring values of Si in the studied lakes.

3.3. Organic matter

Organic matter content was estimated by param-
eters of COD (total amount of dissolved organic matter)
and PMO (content of easily oxidized organic matter).
COD in Lake Saysary was 122 mg O,/dm?, this is com-
parable with COD in Lake Sergelyakh (133 mg O,/dm?).
PMO parameters in these lakes are also close — 38.8 and
42.4 0,/dm?, respectively.

COD parameters in both lakes exceeded MPC
for technical water use (60 mg O,/dm®) ~ 2 times.
COD parameters in both lakes exceeded MPC in water
bodies for recreation as well as MPC for water bodies
within populated areas, MPC for water in open systems
of technical water supply, MPC for water for streets
and green sites watering (30 mg O,/dm®) — ~ 4 times.
COD parameters in both lakes exceeded MPC in sur-
face waters used for centralized water supply of people,
MPC for water for domestic water use, in sites of water
intake for swimming pools and balneary (15 mg O,/
dm?) — 8-9 times (Table 1). It means that the water from
Lake Saysary and Lake Sergelyakh cannot be used for
all these aims during the studied period.

PMO parameters have norms for drinking water
of centralized (not more than 5 mg 02/dm®) and
non-centralized (not more than 7 mg 0O2?/dm?®) water
supply, as well as for water in fun water parks (not
more than 7.5 mg 0O?/dm?). The studied lakes exceeded
established norms by these indicators minimum 5 times.
It means that during the studied period, the water from
these lakes may not either be used for drinking and fun
water parks.

Comparing the results obtained with monitoring
observations, we can see that COD in Lake Saysary is
close to maximal values (150 mg O,/dm®) found out
during open water periods in 2009-2021. Characteristic
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COD values for Lake Saysary are not presented in
(Legostaeva and Rufova, 2022). Any data concerning
COD and PMO for Lake Sergelyakh were not found in
scientific papers as well (Table 1).

By PMO/COD ratio we can estimate qualita-
tive composition of organic matter in natural waters
(Skopintsev, 1950; Skopintsev and Goncharova, 1987).
The value of PMO/COD = 40% is accepted as a conven-
tional boundary of organic matter of allochtonous and
autochtonous origin. In Lake Saysary this value is 31%,
and in Lake Sergelyakh — 32%. It means that in both
lakes major part of organic matter is autochtonous.

3.4. Trace elements

Trace elements are chemical elements whose
concentrations in natural waters less then 1 mg/dm?
(Gaillardet et al., 2003).

Concentration of Fe, which is related as well
to biogenic elements, in Lake Saysary (200 ug/dm?®)
and Lake Sergelyakh (250 pg/dm?®) exceeded fishery
norms 2 and 2.5 times, respectively (Table 1). In Lake
Sergelyakh, concentration of Fe was close to charac-
teristic values (270 pg/dm?®) and 3.4 times lower than
maximal monitoring values (850 pg/dm?), and in Lake
Saysary concentration of Fe was almost 2 times lower
than characteristic values (390 pg/dm?®) and 2.7 times
lower than maximal monitoring values (530 ug/dm?).
By this indicator, water from both lakes is suitable for
drinking and cultural-domestic water use (MPC_dr_c/
dom = 300 pg/dm3).

Concentration of Mn in Lake Saysary (1050 ug/
dm3) was three times higher than in Lake Sergelyakh
(350 ug/dm?®). Both indicators considerably exceeded
fishery norms (MPC_f = 10 ng/dm3) — 105 and 35 times,
respectively as well as water norms for drinking and
cultural-domestic water use (MPC_dr_c/dom = 100 pg/
dm3) — 10.5 and 3.5 times, respectively. Concentration
of Mn in both lakes considerably exceeded as well char-
acteristic values (20 pg/dm?3) — ~50 and 17.5 times,
respectively. It is noticed in (Kaydalova and Olesova,
2019) that high and extremely high pollution levels in
Lake Saysary with manganese related to fishery norms
were found out during winter-summer low water sea-
son in 2012 and 2013. It means that at that time con-
centration of Mn could be > 500 pg/dm3, however,
the authors do not indicate, in what extent more.
Concentration of Mn in Lake Sergelyakh exceeded by
one order of magnitude maximal monitoring values (29
ug/dm3).

High levels of Mn content in lakes water during
ice-cover period are mainly due to the peculiarities of its
chemical behavior. The concentration of Mn in natural
waters is influenced by content of dissolved oxygen and
by value of reduction-oxidation potential. Under mod-
erate oxidation conditions, soluble Mn?* transfers into
insoluble Mn**, which migrates mainly in colloid forms
(~90%, Pokrovsky et al., 2006), it can be utilized into
bottom sediments and/or sorbed by suspended matter
(Chebykin et al., 2012). During freezing up, at oxy-
gen deficiency, reversal processes of Mn mobilization
from bottom sediments occur — during a seasonal cycle
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it concentration in water can vary tens and hundreds
times (Chebykin et al., 2012). Mn can as well income
into water bodies fed by underground waters, which,
as a rule, contain considerably more Mn compared to
surface waters (Suturin et al., 2016). Mobilization of
Mn into water can as well be due to swampy landscape
(acid environment) and decrease of flow rate. On the
background of such considerable natural processes, it
is very difficult to reveal anthropogenic contribution.
During ice-cover period, water from both lakes by this
indicator is not suitable for drinking without prelimi-
nary purification.

Concentration of Zn in Lake Saysary (0.83 pg/
dm?®) and Lake Sergelyakh (5.1 pg/dm?®) was lower than
MPC_f (10 pg/dm?) and considerably lower than MPC_
dr_c/dom (1000 ug/dm?®) as well as than characteristic
values, which are 120 and 20 pg/dm? for Lake Saysary
and Lake Sergelyakh, respectively (Table 1). Maximal
monitoring values of Zn are 390 and 490 pg/dm? for
Lake Saysary and Lake Sergelyakh, respectively. Such
high values are not characteristic for natural water bod-
ies and raise doubts concerning the quality of analytical
data.

Concentration of Cu in Lake Saysary was <0.4
pug/dm3, this is lower than MPC_f (1 pg/dm?®) and con-
siderably lower than MPC_dr_c/dom (1000 pg/dm3).
In Lake Sergelyakh concentration of Cu (1.77 pg/dm3)
exceeded fishery norms ~ 1.8 time. Characteristic con-
centration of Cu in both lakes is 1 ug/dm?® with vari-
ations of monitoring values <1-11.7 pg/dm?in Lake
Saysary and 1.5-2.3 ug/dm?®in Lake Sergelyakh (Table
1). During the studied period, water of both lakes is
suitable by this indicator for drinking and cultural-do-
mestic water use.

Concentration of Pb in Lake Saysary (0.025 pg/
dm?®) and in Lake Sergelyakh (0.025 pg/dm?®) was con-
siderably lower than MPC_f (6 ug/dm?), MPC_dr_c/dom
(10 pg/dm?) and characteristic values (4 and 10 pg/dm?
for Lake Saysary and Lake Sergelyakh, respectively).
Variations of monitoring value for Pb are 1.4-22.2 and
4.9-6.8 pg/dm?® for Lake Saysary and Lake Sergelyakh,
respectively. Such a big difference of our data with
published ones is most probably due to an analyti-
cal factor. In this work, a highly sensitive method of
multi-elemental ICP-MS analysis was used, it has ele-
ments detection limits by several orders of magnitude
lower than traditionally used methods (atomic absorp-
tion, etc.). Most probably, the authors who performed
monitoring studies used methods (unfortunately, they
do not tell which ones), the detection limits of which
leave to be desired. This difference is seen practically
for all elements with a characteristic concentrations at
the level of ones or tens of pg/dm?® and lower (Zn, Co,
Cr, Mo, Li) (Table 1).

Among other trace elements exceeding estab-
lished norms we detected Sr (1.8 MPCS), V (1.7
MPC_f) and Br (1.6 MPC_dr_c/dom) in Lake Saysary.
Concentration of Sr (720 pg/dm?®) in Lake Saysary
exceeded characteristic values (260 pg/dm?) 2.8 times.
In Lake Sergelyakh, concentration of Sr (170 pg/dm3)
was 2.4 times lower than MPC_f (400 pg/dm?) and a lit-
tle higher than characteristic values (150 pg/dm3). We
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failed to find in papers characteristic and other values
concerning V, Br and major part of other trace elements
we measured.

3.5. Geochemical composition

On one hand, geochemical composition of bod-
ies is very specific, on the other hand, it is variable, it
forms under the influence of numerous natural-climatic,
physical, physico-chemical, biological and anthropo-
genic factors, which influence water interaction with
rocks, soils, biota and atmosphere (Perelman, 1982).
The data obtained (Table 1) suggest that in about half
cases, the concentration of chemical elements in Lake
Saysary was higher than in Lake Sergelyakh (times): Co
(1.3), Y (1.4), Ta (1.4), Rb (1.5), Ti (1.5), Cr (1.6), Sc
(1.7), Zr (1.9), V (2), Hf (2), Be (2.2), As (2.3), Ni (2.3),
P (2.3), Ba (2.8), Nb (2.8), Ca (2.9), K (3), Mn (3), I
(3.4), Mg (3.6), Li (3.7), Br (4), Sr (4.2), Na (4.7), Se
(6.6), Cl (6.7), Ge (7.9) and B (8.5). On the contrary,
in ten cases it was lower (times): Fe (1.3), Ga (1.9), Th
(3), Al (3.7), W (4.1), Cu (4.4), Pb (4.6), Zn (6.1), Cd
(6.3) u Mo (9.1). We detected no differences between
lakes by other elements (Hg, Si, Ag, Sn, Sb, Te, Cs, REE,
Ta, Re, Tl, Bi and U) within errors of determination of
their concentrations.

3.6. Comprehensive estimate of waters
quality by hydrochemical and geochemical
indicators

The data obtained do not allow to use formal
comprehensive indicators such as normalized combina-
tory index of waters pollution (NCIWP) and index of
waters pollution (IWP).

To estimate the first index, it is required to per-
form determination of 15 mandatory indicators (O,_
diss, BOD5, COD, phenols, petrochemicals, NH,*, NO,,
NO,, CI, SO,*, Fe, Mn, Cu, Zn, Ni) (RD 52.24.643-
2002), among which we did not determine O,_diss,
BOD5, phenols and petrochemicals. While calculating
NCIWP, along with multiplicity of MPC exceed, indi-
cators of comprehensiveness and repeatability of pol-
lution for a studied period are used. In this work only
a single testing was done, therefore, a repeatability
indicator cannot be determined. Depending of NCIWP
value, water hazard class is determined from I (conven-
tionally clean) to V (extremely dirty).

To estimate the second indicator, we need to
determine six most important indicators for this water
body, among which O, diss and BOD5 are mandatory
(Temporary..., 1986). Depending on IWP value, a water
hazard class is determined from I (very clean) to VII
(exceedingly dirty). In this work, two latter indicators
were not determined. To compare pollution degrees
between Lake Saysary and Lake Sergelyakh, IWP was
calculated with available pollutions set, where instead
BODS5 an approximate parameter — permanganate oxi-
dability (PMO) - can be used. The pollutants set was
not limited with six most important indicators, all n
indicators of C, which reached or exceeded established
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norms (MPC_f and MPC_dr_c/dom) at least in one of the
lakes were used:

n C
IWP(c) = —— |/n
(©) (le MPQ] ,
where IWP(c) is a conventional index of pollution in
the studied lakes.

According to the data obtained, there are seven
such indicators by fishery norms (Mg?**, NH,*, PO ?,
Fe, Mn, Cu, and V) and nine indicators by norms for
drinking and cultural-domestic water use (Mg?*, water
hardness, water mineralization, NH,*, PO,*, COD,
PMO, Mn and Br) (Table 2).

The Table 2 presents degrees of exceeding of
MPC by chosen indicators and calculated pollution lev-
els (PL) (RD 52.24.643-2002) and conventional indices
of waters pollution IWP(c).

In Lake Saysary IWP(c)_f was 16.7, this is 2.8
times higher than in Lake Sergelyakh (IWP(c)_f = 6). It
means that by fishery norms Lake Saysary was almost
three times worse than Lake Sergelyakh. Overwhelming
contribution into IWP(c)_f in both cases was made by
Mn, which exceeded established norms 105 times in
Lake Saysary and 35 in Lake Sergelyakh, these are
extremely high and high pollution levels, respectively.
Average water pollution levels for fishery needs were
found by ammonium (4.5 MPC _f) in Lake Saysary and
by Fe (2.5 MPC_f) in Lake Sergelyakh. Pollution level
by other components was low or absent (Table 2).

IWP(c)_dr_c/dom in Lake Saysary was 3.42, this
is 1.5 time higher than in Lake Sergelyakh (IWP(c)_
dr_c/dom = 2.25). It means that by norms for drink-
ing and cultural-domestic water use Lake Saysary was
also worse than Lake Sergelyakh. In both cases main
contribution into this index was done by COD, PMO
and Mn, which exceeded established norms ~8/~9,
~5/~6 and 10.5/3.5 times for Lake Saysary/Lake
Sergelyakh, respectively. By organic matter content the
water in both lakes met a conventionally high pollution
level, which, due to absence of statements in governing
documents is calculated by analogy with multiplicity
of MPC exceed by the indicator BOD5 (RD 52.24.643-
2002) (see notes to Table 2). By concentration of Mn
water in Lake Saysary met a high pollution level and
Lake Sergelyakh water — medium pollution level. The
pollution level by other component was low or absent
(Table 2). Thus, use of lakes water for drinking and cul-
tural-domestic needs was the most dangerous by con-
tent of organic matter along with Mn.

3.7. Microbiological characteristics

TBA in Lake Saysary was 14.6 X 10° cells/ cm?,
and in Lake Sergelyakh 6.4 x 10° cells/cm?®. According
to the GOST 17.1.3.07-82, TBA is an indicator of a water
body sanitary state and is taken into account while
estimating its trophic status. The water is divided into
six hazard classes: TBA < 0.5x 106 cells/cm® — I (very
clean), TBA = 0.5-1.0 X 10° cells/cm?® - II (clean), TBA
= 1.1-3.0x10° cells/cm?® — III (moderately polluted),
TBA = 3.1-5.0x 106 cells/cm?® — IV (polluted), TBA =
5.1-10.0 X 106 cells/cm?® — V (dirty), TBA > 10.0 x 10°
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Table 2. Pollution levels (PL) and conventional indices of waters pollution IWP(c) in Lake Saysary and Lake Sergelyakh by
indicators reaching and exceeding MPC_f and MPC_dr_c/dom at least in one of the lakes.

Hazard | Indicator Lake Saysary Lake Sergelyakh
class* Ci/MPCf| PLf [cCi/MPCdrec/dom|PL_dre/dom | Ci/MPCf| PLf [Ci/MPCdrc/dom| PL_dr.c/dom
3 Mg+ 1.25 L 1.00 L 0.35 nd 0.28 L
nn H nn - 1.19 L Nn - 0.37 L
nn Min nn - 1.03 L Nn - 0.28 L
NH,* 4.54 M 1.51 L 1.32 L 0.44 L
3 PO * 1.74 (1) L 0.30 L 0.27 (1) nd 0.05 L
nn COD nn - 8.13 (2) H@4) nn - 8.85 (2) H 4)
nn PMO nn - 5.54 (3) H 4) nn - 6.06 (3) H 4)
3-4* Fe 2.00 L < L 2.50 M < L
3 Mn 105 EH 10.5 H 35 H 3.5 M
3-4* Cu 0.40 nd < nd 1.77 L < nd
3 \Y% 1.66 L < nd 0.85 nd < nd
2 Br < nd 1.55 L < nd 0.39 nd
IWP(c) IWP(c)_f IWP(c)_dr_c/dom IWP(c)_f IWP(c)_dr_c/dom
16.7 3.42 6.01 2.25

Notes: nn — no norms; < — an indicator is not taken into account as it is lower than norms for both lakes.
(1) we used for calculation a norm for eutrophic lakes PO,> = 0.6 mg/dm?>.

(2) we used for calculation a norm of COD = 15 mg O, / dm?® for water from surface water sources used for centralized sup-
ply to population, for drinking and domestic use, from sites of water intake for swimming pools and balneary.

(3) we used for calculation a norm of PMO = 7 mg O, / dm? for drinking water from non-centralized water supply.

PL — water pollution level by overshooting degree of MPC (RD 52.24.643-2002): L — low (1-2) MPC, M — medium [2-10)
MPC; H - high [3-5) MPC for matter of 1-2 hazard classes, [10-50) MPC for matter of 3-4 hazard classes, EH — extremely high =
5 MPC for matter of 1-2 hazard classes, = 50 MPC for matter of 3-4 hazard classes, dash «—» impossible to calculate PL due to
norm absence; nd - pollution level is not determined as it is low than MPC.

(4) - criteria of determination of high and extremely high water pollution levels by indicators of COD and PMO are deter-
mined by analogy with overshooting degree of MPC of BOD5: 5-20 MPC - high, >20 MPC - extremely high.

* - hazard class of chemicals according to (SanPiN 1.2.3685-21) in drinking water from systems of centralized, including hot
and non-centralized water supply, in water of underground and surface water bodies for drinking and cultural-domestic water
use, in water of swimming pools and fun water parks. For comprehensive estimate of the degree of surface waters pollution by
hydrochemical indicators, the hazard class for Fe and Cu is decreased up to 4 (RD 52.24.643-2002).

cells/cm?® — VI (very dirty) (GOST 17.1.3.07-82). Thus, Enterococci were found in Lake Saysary as
water pollution degree by TBA in Lake Sergelyakh and many as 36 CFU / 100 cm?, this is lower than norms
Lake Saysary meets V and VI hazard classes. of surface waters used for drinking and domestic water

Little abundance of allochtonous microflora sup- supply as well as for water supply to food enterprises
plied into a water body and estimated by indicator of (100 CFU / 100 cm?), however, it is 3.6 higher than
TMC37 occurred in Lake Sergelyakh — 447 CFU / cm?. norms for surface waters in recreation zones as well as
In Lake Saysary TMC37 was by one order of magnitude for waters within populated sites (for swimming and

lower (33 CFU / cm?). The abundance of autochtonous aquatic sports) — 10 CFU / 100 cm® (SanPiN 1.2.3685-
microflora in Lake Sergelyakh (TMC22 = 14 080 CFU / 21). In Lake Sergelyakh enterococci content was almost

cm?) also was considerably higher than in Lake Saysary by one order of magnitude higher than in Lake Saysary
(TMC22 = 323 CFU / cm3). By ratio TMC22 / TMC37 as many as 346 CFU / 100 cm?®, this is considerably
(self- purification coefficient, SPC) one can estimate the higher than all norms for surface waters adopted in
activity and state of self-purification in natural water Russian Federation.
bodies (MUK 4.2.1884-04). By this parameter, water in In Lake Saysary a small amount of coliform
both lakes meets an accomplished self-purification pro- bacillus E. coli (4 CFU / 100 cm?®) was found, it did
cess (SPC = 4). Despite higher abundance of organo- not exceed norms in surface waters for all water usages
trophic microorganisms in Lake Sergelyakh, self-purifi- (100 CFU / 100 ¢cm?®) and in natural water for technical
cation processes in it occurred more intensively (SPC = water supply (10 CFU / 100 cm?). In Lake Sergelyakh
31.5) compared to Lake Saysary (SPC = 9.8). content of E. coli was 60 times higher than in Lake
Nevertheless, presence of sanitary indicative Saysary, 240 CFU / 100 cm?, this is 2.4 times higher
bacteria suggested a non-favorable sanitary-microbio- than adopted norms for surface waters and 24 times
logical situation, especially in Lake Sergelyakh. higher than norms for natural waters, which can be
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used for technical water supply.

Thus, except TBA, by all measured microbiologi-
cal charactteristics, Lake Sergelyakh was by 1-2 orders
of magnitude worse than Lake Saysary; this is probably
due to absence of sewage tanks in numerous garden-
ing plots, which are closely adjacent to the lake shores
(Fig.). During the studied period, water from Lake
Sergelhakh could not be used for drinking and domes-
tic supply as well as for food enterprises, technical and
recreation usage. By studied microbiological character-
istics, Lake Saysary water could be used for above listed
needs except recreational ones.

4. Conclusion

The water from large lakes of Yakutsk City (Lake
Saysary and Lake Sergelyakh) in the end of ice-cover
period of 2021 did not meet quality norms established
for water bodies for fishery, drinking and cultural-do-
mestic water use by numerous hydrochemical, geo-
chemical and microbiological characteristics.

Comprehensive estimate of waters quality by
hydrochemical and geochemical indicators obtained
using a conventional index of waters pollution IWP(c)
shows that Lake Saysary water was three times worse
than Lake Sergelyakh water by fishery norms and 1.5
times worse by norms for drinking and cultural-domes-
tic water use.

Maximal pollution level in both lakes is found
out by Mn (10.5-105 MPC) and organic matter (up to
9 MPC), major part of which, however, is of autoch-
tonous origin. Most probably, high concentrations of
Mn are due to seasonal reasons.

By biogenic components (nitrogen, phosphorus)
Lake Saysary met the category of dirty and eutrophic
water bodies and Lake Sergelyakh — the category of pol-
luted and mesotrophic ones.

Total bacterial pollution in Lake Saysary was also
higher (VI hazard class, category of very dirty waters),
than in Lake Sergelyakh (V hazard class, category of
dirty waters), however, the content of sanitary indica-
tors (E. coli and the genus Enterococcus) and organo-
trophic (TMC22, TMC37) bacteria in Lake Sergelyakh
was by one and more orders of magnitude higher than
in Lake Saysary and exceeded all Russian norms estab-
lished for surface waters.

The results obtained suggest the necessity to
undertake measures for improvement of water quality
in Lake Saysary and Lake Sergelyakh as they are situ-
ated within Yakutsk City and are of very great amenity
and recreational importance. Lake Saysary is included
into a list of unique Yakutian lakes and has a sacred
meaning.
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AHHOTAIIHUS. BaxxHO! 5KOJIOTMYECKON MPOO0JIeMON ABJIAETCA KaueCcTBO BOJ BOJOEMOB, PAaCIOJIOXEH-
HBIX BOJIM3M HaceJIeHHBIX INYHKTOB. B paboTe MCIOJIb30BaHBI TMAPOXUMUYECKUE, T€OXUMHYEeCKUe U
MHKPOOHOJIOTYecKrie METO/IbI IJIs1 OLleHKH KauecTBa Box o3ep Caricapsl 1 CepreJisix, pacojIoXeHHBIX
B yepTe ropoxda fSIkyrcka. Ha MOMeHT mccieqoBaHUA BoAa 3TUX 03ep He COOTBETCTBOBAJIA HOpMATU-
BaM KavecTBa, yCTAHOBJIEHHBIM [IJIs1 BOOHBIX OOBEKTOB PEIOOX03SHICTBEHHOT'0, XO35HICTBEHHO TUTHEBOTO
Y KyJIbTYpHO-OBITOBOTO Ha3HaueHUs. [lojydueHHble JaHHBIE 00paIal0T BHUMAaHNE HAa HEOOXOOUMOCTh
KOHTPOJIA 110 OTPAaHNYEHUI0 MCIIOJIb30BAHUS BOJ STUX 03ep AJIA HyX[ YeJIOBEKa U IpOoBeJeHUs Mepo-

IIPUATHUN [0 YJIy4lIeHWI0 UX KadyecTBa.
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1. BBeaenue

Axytck — cronuna pecny6iuku Caxa (Axytus)
YU OAUH K3 KpyNHeHmux ropoAaosB Poccuu B mpepesax
KPUOJIMTO30HbI, YKCJIEHHOCTb KOTOPOTO IIOCTOSHHO
pactétr (I'opoxoBs, 2023), Takkxe KaKk U ero TeppUTO-
pus, xotopas gocruraetr 160 km? (KceHodoHTOBA U
ap., 2013). Ha 1 auBapsa 2023 r. uncjeHHOCTb HaceJle-
HusA ropoga cocrasiisisia 378,5 Teic. yesioBek (I'opoxos,
2023; Ouenka..., 2023). T'opox pacnosioxeH Ha [ u II
MOVMEHHBIX Teppacax I[eHTPaJIbHOM YacTU [IOJIMHBI
TylimMaazia B cpeJHeM TeueHUU JieBoOepexbs p. JIeHEL
[Mupuna poauHBI B parioHe T. fIKyTcka AocCTUTraeT
18-20 KM, M3 KOTOpHIX OKOJIO 8 KM IIpUXOAUTCA Ha
coBpeMeHHOe pycyio p. JleHbl ¢ MHOTOYMCJIEHHBIMU
OCTpOBaMH, IPOTOKAMH U CTapUYHBIMU O3epaMu
(Hukonae u Apxunos, 2021, IlomoBa u depyJiosa,
2022). Ha Tepputopuu ropoja HaxomATcs OO0JbllIoe
KOJIN4eCTBO O3ep, IATh U3 KOTOpHIX Haubojiee KpyIl-
Hele (Benoe, XatwiHr-lOpsx, blTeik-Kioens, Cepressx,
Caticapsl). [laHHbIe 03epa OTHOCATCS K BOJHO-3pO3U-
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OHHOM THILy, UM€IOT OKpYIJIble U yAJUHEeHHble (GOPMBI
(KcenogonToBa u mp., 2013; JleroctaeBa u Pydosna,
2022). Topoackue o3epa uUMelOT 6OJIbLIOE KYJIBTYp-
HO-OBITOBOE 3HayeHue — HCIOJIb3YIOTCA IJiA pekpea-
I[UOHHBIX I[eJiell U MOJIUBa OTOPOJHUYECKUX XO35MCTB
(Pydosa u fp., 2012; Kcenodonrosa u ap., 2013). B
COBpPEMEHHBIII NepuoJi 03epa HCIBITHIBAIOT BBICOKYIO
AHTPOIIOTeHO-TeXHOTeHHYI0 HarpysKy, IIOCKOJIbKY Ha
TeppUTOPUN IOpofa COCPeOTOYEeHBl KpyNHBIEe Iped-
IpUATUA TPOMBIIIJIEHHOIO, CeJIbCKOX03ANCTBEHHOTO,
XUJIMITHO-KOMMYHAJIBHOTO M TOIUIMBHO-dHepreTuue-
ckoro HazHaueHusa (Pydosa u ap. 2012). JJo Hayasa
AKTMBHOI'O CTpPOMTeJIbCTBAa ropoaa B 1960-e roasl
(Maxkapos u Umxyk, 2009; ITonnoa u ®enysona, 2022)
o3epa UMeJId XOpOIIyI0 IPOTOYHYI0 CHUCTEeMY, NOANU-
ThIBasich OT p. JleHsl u oT Mabix pek (IllecrakoBka,
Mapxunka). B cBA3u ¢ pocToM TeppuTOpuU ropoia
SIkyTcka U ee 3aCTPOMKON MPOTOYHOCTH OOJIBIIMHCTBA
o3ep Hapyumuiach. B c¢BA3u ¢ aTuUM o3epa, paHee pery-
JIADHO OYMINaBIIMeCs eCTeCTBEHHBIM IyTeM, Hadasu
3arpA3HATHCA, LIBECTH, 3apacTaTh KaMbIILIOM U MeJeTh,

© ABrop(s1) 2024. DTa paboTa pacnpocTpaHsi-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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YTO IPUBEJIO K YXYAUIEHUI0 UX 3KOJIOTMYeCKOro0 COCTO-
suusa (KceHodonrosa u ap., 2013). C 2011 r. agmu-
HUCTpanueil r. fIKyTcka NpeAllpUHUMAIOTCA MepHl IO
BOCCTAHOBJIEHUIO MPOTOYHOCTH TOPOACKON 03epHOM
cucreMbl (JleroctaeBa u Pydoa, 2022; Huxkosaes
u Apxumnos, 2021), KOTOpEle B HEKOTOPBIX CJIydasx
IIpYBeJIM K YJIy4lIeHWIO 3KOJIOTUYeCKOH OOCTaHOBKHU,
Harnpumep, o3. Caticapsl (Uepmonosa u Ilomosa, 2022).
Opanako ApeHaXHBbIe CUCTEMBI BCe paBHO OBICTPO 3aco-
psatoTrca (HukosaeB u Apxunos, 2021). U3 aHanu3a 6a3
JaHHBIX II0 XMMHUYECKOMY COCTaBy KPYIHBIX O3ep Ha
ceMTeOHBIX TeppUTOpUAX cjieayeT, 4To ¢ 1985 r. npo-
HWCXOAUT yMeHbllleHre UX MHHepa/u3aluy, OCHOBHOM
BKJIaJl B KOTOPYI0 BHOCAT OoJjiee MHHepaJIN30BaHHbIE
peunsle Boabl (JlerocraeBa u Pydosa, 2022). U3 aTux
’)Ke MaHHBIX CJIeJyeT, YTO Ce30HHBe, a B HEKOTOPBIX
cJIydasxX M MeXroJoBble, Bapyalliil OCHOBHBIX T'MIpPO-
XMMUYECKUX XapaKTepUCTUK YaCTUYHO OIpeAesAlTCA
peuyHBIM BimMsAHUeM. Hapsagy ¢ 3TUM, aHTPOIIOTeHHBIN
IpeccUHr GQUKCHUpyeTcaA II0 MHOTMM XHMUYECKUM
(Makapos u Umxyk, 2009; Pydosa u ap., 2012; 2013;
Kcenodonrosa u ap., 2013; Pydposa u Kcenodponrosa,
2015; Pydosa wu TarapunoBa, 2015, Kaiiganosa
u OumecoBa, 2019; TabsimeB u I'abrimera, 2020;
HukomnaeB u Apxunos, 2021; IlonoBa u ®depnysosa,
2022; JlerocrtaeBa u Pydosa, 2022; Pydosa, 2023) u
6uosornyeckuM (BacunbeBa, 1968; Koneipuna, 2013;
TartapuHoBa u CasnoBa, 2013; PydoBa u TatapuHoBa,
2015; T'puropseBa u CosioBbeBa, 2020; I'aGrbinieB
u TabemmeBa, 2020; YepmonoBa u IlomoBa, 2022)
KOMIIOHEHTaM.

Panee npoBou1 MOHUTOPUHIOBBIE HCCIIeJOBA-
HUA BoAwl 03. Caticapsl (2009-2021 rr.) u 03. Cepremnax
(2009-2014 rr.) B mepuo OTKPHITOM BojbI (Makapos u
Uuxyk, 2009; Pydosau ap., 2012; 201 3; KcenopoHTtoa
u ap., 2013; Pydosa u Kcenodonrona, 2015; Pydosa
u TarapunoBa, 2015; Kaiiganosa u Osecoa, 2019;
HuxosaeB u Apxumnos, 2021). B tabauiie 1 npuBeneHbl
JaHHble O Tpejesax Bapuanuil 'HMAPOXMMHNYECKUX U
reoX¥MHYecKUX IoKasaTeJsiell B COIOCTaBJIECHUHU C UX
yCpeqHEHHBIMM 3HayeHuAMU 3a Iepuof ¢ 1985 mo
2021 rr. (JleroctaeBa u Pydosa, 2022), ppib0ox03sii-
cTBeHHBIMU HopMaTuBamu (IIpukas..., 2016) u HopMa-
TUBaMM [JI BOJ XO3ANCTBEHHO-IIUTHEBOI'O U KYJIbTYP-
HO-ObITOBOrO HasHaueHus (CanlluH 1.2.3685-21).

JlaHHBIX IO MHUKPOOHOJIOTMYECKHUM XapaKTepu-
cTrukaM Bofel 03. Caiicapsl u 03. CepreJsifax, omyOJINKo-
BaHHBIX B HAYYHOH JiMTepaType, HaMu He 0OHapyXXeHO.
B cetu uHTepHeT ecTh coobuieHus PocnorpebHan3opa
0 3ampeTe KynaHus B 03. CepreJisax u3-3a NpeBILIeHNUA
HOpPM CaHUTApHO-3NKUAEMHUOJIOTNYeCKUX IoKa3aTesei
(Kymanue..., 2021).

Panee ananu3 kadecrBa BoJ o3ep I. fkyrcka
IIPOBOAWJIY B IepUOA OTKPHITON BoAbl. OAHAKO 0O0JIb-
HIyI0 4acTh I0Jia, BOCEMb MeCAIeB, 3TU 03epa MOKPHITHI
JbA0M. IIOCTOAHHBIN JIeOBBHINI IOKPOB yCTaHAaBJIU-
BaeTcsA C KOHIA CeHTAOpA — Hayajla OKTAOpsA, TasgHue
Jb[a HauMHaeTcs B cepefiHe Masd, IIOJHOCTbIO Jefs-
HOH IOKPOB CXOAUT B KOHIle Mas WJIU B Hadaje UIOHA
(Hukonaes u Apxumnos, 2021).

C nesbio ollpefiesieHNA KayecTBa BOJ U 5KOJIOTHU-
YecKoro cocTossHUsA o3ep Caticapel u CapreJisx B Jie[io-
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BBII1 IIepuoj MpoBeJieH KOMILJIEKCHBIN aHaIu3 BOAHBIX
po0, OTOOpaHHBIX B KOHIle ampesig — Havaje Mas
2021 r. B pabore BrepBbie MpeACTaBIeHbl pe3yJIbTaThl
MHUKPOOHOJIOTUYEeCKUX HccilefoBaHu (oOmmjas  uuc-
JIeHHOCTh MUKpoopraHusMos — OUM, obiiee MHUKpPOO-
Hoe umucjgo nmpu 22°C (OMU22) u 37°C (OMU37),
Escherichia coli n 6aktepun poma Enterococcus) Bogbl
3THUX 03ep, paclIMpeHHOIo0 IeOXMMHUYeCKOro aHaausa
BOABl (66 XMMHUYECKHX 3JIEMEHTOB) U [OINOJHUTEJIb-
HBIX THJIPOXMMUYECKHUX IoKa3aTesell (KOHLleHTpalus
obmiero u opraHudeckoro gocdopa, nepmaHraHaTHas
OKHCJIAEMOCTbD).

2. MaTtepuanbl 1 MEeTOADI
2.1. OnucanMe palioHa HCCAEAOBaAHUM

03. Caiicapsl

OauuM wu3 Haubojiee W3YYEHHBIX ABJIAETCA
03. Caricapbl, KOTOpOe pacloJIOXKeHO B I0KHON 4acTu
ropoga (Puc.), BXOOAWT B CIHUCOK YHUKAJIbHBIX O3€p
SAkyTumn u ABJIAETCA caKkpaJbHBIM B UCTOPWUU U JIereH-
Jlax AKYTCKOTO Hapoja Kak NpapoAuHa Hapoja caxa
(Hukonaes u Apxunos, 2021). B 3uMHee BpeMs 03epo
aKTHUBHO HCIIOJIb3yeTCs FOpoXXaHaMU JJIA JIBDKHBIX [TPO-
T'yJIOK, BECHOU — [IJIA KaTaHWs Ha KOHbKaX, IIPOBe/IeHNsA
MaccoBbIx NpasanukoB (Hukosaes u Apxumnos, 2021).
KotsioBuHa o3epa Haxogutca Ha II HaamoliMeHHON
Teppace M OTHOCUTCA K PO3UOHHO-aHTPOIOTeHHOMY
reHetudeckomy Ttumny (Katimamosa u Osecoa, 2019;
YepnoHosa u Ilomoa, 2022; IlomoBa n ®enymosa,
2022). [MutaHue ocymiecTBJisIeTCsI B OCHOBHOM aTMOC-
depubniMu ocagkamu (KatimamoBa u OusecoBa, 2019;
[TonoBa u depnynosa, 2022). O3epo MMeeT pa3Mephl:
anvHa — 1,4 kM, cpeausasa mwuprHa — 0,35 KM, Makcu-
MaJsibHasA mupuHa — 0,47 kM, IIomajb 3epKajia BOJbI
- 0,49 xwm? cpennsad riaybuHa — 2,65 M, MaKCUMAaJib-
HasA — 6 M; 00BEM o3epa oueHuBaercsa B 1,23 muH m3
(JleroctraeBa u Pydosa, 2022). Bricora CHeXHOTo
nmokpoBa o03. Caticapsl cocrasiser 0,38 M, cpenHsA
TosuHa Jpaa — 1,3 m (Hukonaes u Apxunos, 2021).
B nmocnengHue roApl CUJIBHO BO3POCJIO BJIMAHUE aHTPO-
IIOreHHBIX ()aKTOPOB Ha BoJ0eM, oTMedaeTcsA 00JIbIIoe
yMeHbllIeHle IIONIaau 3epKajia BOABI 34 CYeT OTCHIIKU
6eperos MoJi CTPOUTEIbCTBO, IIPOKJIAAKY KaHAJIN3aLu-
OHHOT'O KOJUIEKTOpa U cOpoca CTPOUTEJIbHBIX U OBITO-
BhIX oTx0/0B (Pydosa u ap., 2013).

03. Cepremnsax

0O3. Cepressx pacrnoJsioxeHo loxHee o03. Caiicapsl
(Puc.) u cBsA3aHO c HUM 4epe3 TpyObl v KaHas (UepioHOBa
u ITonosa, 2022). O3. Cepresax UMeeT Y3KyI0 U3BUJIN-
cTyo GopMy. Ob1ias JjiHa o3epa 10 Pa3sHbBIM OLleHKaM
cocrasJisgeT oT 6 (Jlerocraesa u Pydosa, 2022) 1o 8 km
(KcenogonToBa u mp., 2013), cpegusasa mumpuna 0,08
KM, MakcuMasibHad — 0,15 kM, miomab 3epkaja BOJb
0,47 xm?, o6veM Bozsl 0,42 MJTH M, cpefHAA riTyOuHa
ozepa 0,88 M, a makcumasnbHasgs — 2 M (Jlerocraesa
u Pydosa, 2022). Ilo xocMmocHUMKaM (IporpaMmma
SASPlanet ¢ OTKpPBITBIM JOCTYIOM) IJIMHA TJIAaBHOM
YacTy eITMHOro BOAHOTrO Teja coctaBiisieT 8 km 300 M,
UMeIoTCs Takke OOKOBBIE OTBETBJIEHUA OOIIel MpOoTs-
)KEHHOCTHIO 1,5 KM.
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Puc. O3épHo-peuHas ceTb I. SIkyTcka. Crannuu oTdopa rmpob moKasaHbl KPaCHBIMU KpyXKaMu. JKEITOH TyHKTUPHOU JINHUEH
MoKa3aH KaHaJl, CBA3bIBawIuii 03. Cepresisax ¢ 03. Caticapsl. KOCMOCHUMOK B3AT M3 OTKPBITBIX KCTOYHUKOB (pecypc SASPlanet).

2.2. OT60p NpPO6

[TpoObl BoABl OTOOpaii B KOHIlE MOJJIeJHOTO
nepuoaa 2021 r. — 21 ampens u3 o3. Caticapsl (N 62°
01°10.0», E 129°41’38.6») u 04 mas u3 03. Cepreyax (N
61° 59’53.7», E 129°39’07.3») (Puc.). ToammuHa cHera
Ha 03. Caticapsl cocraBjsyia 32 cM, TOJIWHA JIba —
105 cm, rinybuna Boasl — 4 M, Ha 03. Cepresiax — 0,5 cm,
105 cm u 1,5 M cooTBeTcTBeHHO. [Ip0o6HI BOABI OTOU-
pasm 6aromeTpoM HuckumHa (o6bémom 2 am®) ¢ rity-
6unbl 1 M (OT HIXXKHEN MOBEPXHOCTHU JIb/IA).

J71a ruipoxyMu4ecKoro aHaau3sa oopasiibl BOABI
paznuanu B 1,5 1 [I9T GyTeuiku. 1A onpepnesieHus
OMOTeHHBIX KOMIIOHEHTOB U OpPraHu4eckoro BellecTBa
OYTBUIKA 3aMOpaXMBaIu, IJiA OIpefdesieHUs OCTajlb-
HBIX TUAPOXMMHYECKHX TIoKa3aTesjiell OyTBUIKHA Xpa-
HWIU B XojoauibHuKe. OnpepeneHue pH nposoauiu
yepe3 HECKOJIBKO 4acoB rocJjie oT6opa npoo.

Jna wmHorossemeHtHoro HMCII-MC aHanusa
npo6sl BOABl OTOMpasu M3 GatomMeTpa OLHOPA30BHIMU
MeJUIMHCKUMU mrnpuriaMu oobeMom 10 mut. O6pasiibl
cpasy xe OQUJIbTPOBaJIM Yepe3 OOHOPAa30OBble IOJIU-
CTUPOJIbHBIE CTEpUJIbHBIE MLIMpHUIl-Hacagku Minisart
16555-K (pa3mep nop 0,45 MKM, aieraT LeJUTI0JIO3BL,
Sartorius Stedim Biotech Gmbh, T'epmanus) B npeaBa-
PUTEJIbHO B3BellleHHbIe [TOJIUIIPONNIeHOBbIe IPOOUPKU
Omnenpopda (2 mu, Axygen Scientific, Cat.-No. MCT-
200-C, CIIA, Mekcuka), comepxaiue 40 MKJI KOHCEp-
BaHTa. B kauecTBa KOHcepBaHTa ucnosb3oBaau 70 %
HNO,, aABax/pl OYMILEHHYIO C TIOMOLIbIO CyGOOMINHH-
TOBOM CHCTeMBI eperoHkKy KucJioT (Savillex DST-1000
sub-boiling distillation system, fAmonwus). B a3oTHyI0
KHCJIOTY, B KadecTBe BHyTpPeHHero craHaapTa ObL1I
no6GasiieH nuaui (1008 ppb). KoHcepBaHT 106aBJIsAIN B
npobupku dnmneHAaopda BecoBbiM MeToaoM. [Tpobupku
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¢ obpa3namMu BOAHI B3BEIHUBAJIU B JIJAOOPATOPHBIX YCIIO-
BUSX M PACCUUTHIBAJIM TOYHOE COJAEpXKaHUE Aa30THOM
KUCJIOTH (TUnudHo 2 %) u uaauA (tunmado 30 ppb).
Bce HeoOxoAMMEbIe B3BEIIMBAHUA MPOBOAMJINCH Ha aHA-
smtudeckux Becax Mettler Toledo AG104 (morpem-
HOCTh B3BemmuBanusa *+ 0,0003 r).

A MUKpOOHOJIOTMYECKOT0 aHajih3a MpOObI
BOZBI OTOMpaJiu M3 6GaTOMeTpa B HOBHIE IJIACTUKOBBIE
OyThUIKA 06BbeMoM 0,5 J1 B ABYX MOBTOPHOCTAX. Bpems
¢ MoMeHTa oT6opa npob A0 MpoBefeHNrs MUKPOOHOJIOo-
FUYECKOTO aHAJIN3A He MPEBHIIAIO0 6 YacOB B COOTBET-
ctBuu ¢ (I'OCT 31942-2012).

2.3. MMApOXMMHYECKHH aHaANu3

OmnpepeseHre XUMHUYECKOTO COCTaBa BHIIOJIHAIN
10 MeTOAWKaM, OOIIeNPUHATHIM B TUAPOXUMUU IIpec-
HbIX Bop (Bapam u gap., 1999; ®omuH, 2000; Wetzel
and Likens, 2000; PykoBoacTBoO..., 2009). dna usme-
peHus BesnuuHB pH ucnosbs3oBanu pH-meTp ¢ Kowm-
OMHHUPOBAHHBIM 3JIEKTPOAOM M TEPMOKOMIIEHCATOPOM
«Okcrept-001» (Poccus). ComepxaHue oOIIero asora,
dochopa 1 opraHnUecKoro BeleCcTBA ONpeesAind B
HehWIbTPOBaHHHIX po6ax, a OMOreHHBIX 3JIEMEHTOB U
OCHOBHBIX MOHOB B Ipo6ax, MpoGuIbTPOBaHHBIX Yepe3
MeMOpaHHble QUIBTPH ¢ AuameTpoMm mop 0,45 MKM.
KoHnenTpaiuy OHOTeHHBIX 3JIEMEHTOB HM3MepsId Ha
criektpodotomeTpe «UNICO-2100» (CIIA): HUTPUTH
— ¢ peakTuBOM I'pucca, HUTpATH — C CaAJIUIMIIOBOKHUC-
JIBIM HaTpueM, aMMOHMIHBIN a30T — MHA0()EHOJIbHBIM
metoaoM, ¢ochaTtel — MetoAaoM JleHmxke-ATKHMHCA C
XJIOpPUCTHIM OJIOBOM B KauecTBe BOCCTaHOBHUTeJA. J[iiA
onpejiesieHds] KPeMHEKHCIIOTH UCIOJIb30BaH CIEKTPO-
doToMeTpuueckuil MeTOJl, OCHOBAHHBII Ha H3Mepe-
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HUU MHTEHCUBHOCTU OKpacKU XeJTON KpeMHeMOJIUO-
JEHOBOI TreTeponoJHuKuCIOTH. CojepxaHue o001iero
docdopa u azora U3MepsIM MOCJE BBICOKOTEMIIepa-
TypHOro nepcyjibdaTHOro OKHCJIeHUA Ha crnekTpodo-
TOMETpe, cojepXaHuhe OpraHhyYecKHUX BellecTB oOlle-
HUBaju 1o nepMmaHrasHatHoi (IIMO) u GuxpomMaTHOI
okuciisseMoctu (XIIK). KoHneHTpaiuio HOHOB HCO3',
Cl u SO,> ompenesiAnd MeTOAOM BBICOKOI(deK-
TUBHOM XUAKOCTHOM Xpomartorpaduul C HempsMOil
Y@-pgerexkuuein («Munuxpom A-O2», Poccus), MOHOB
Ca?* u Mg?* — abcopbuuoHHbIM, a Na*™ 1 Kt — miameHn-
HO-3MUCCHUOHHBIM MeTo/iIoM («AAS-30», 'epmanmuis).

2.4. MuoroanemeHnTHbii UCIM-MC ananus

[ToaroropsieHHble IPOOB BOABI KU3MepAIN Ha
kBazpynoyibHoM MCIT-MC macc-criekTpoMeTpe Agilent
7500 ce B LIKII «YneTpamukpoaHanus» JIMH CO PAH
B COOTBETCTBHUU C pa3paboTaHHBIMU paHee IOAXOJaMU
(YebsikuH u ap., 2012; 2020). Cucrema BBojAa mpood:
6opocuMKaTHBIN pacneuinTenas MicroMist (pexum
nojayM pacTBOpPOB — caMopacnsuieHue ~ 200 Mki/
MuH), PFA pacneuimtenbHaa kamepa CKOTTa, KBaplie-
BasA ropejka ¢ pyOMHOBBEIM MHXXEKTOPOM U C CUCTEMOH
ShieldTorch. aMepeHusA TPOBOJUIIN B PEXUME «TOPS-
yell miasMbl» (MOIIHOCTh TreHepaTopa Iia3mbel 1580
BT) 6€3 CTOJIKHOBUTEJIbHOU AYEHKHU.

PacTBOpHI N3MepPAINCh B CKAHUPYIOIEM peXuMe
C JIONOJIHUTEJIBHBIM 3arpy0sieHneM curdaios B 30 pas
nia usortomnos 2°Na, 27Al, 28Si, *K u '’In (3 xaHaja Ha
Maccy, 0,05 ¢ Ha kaHaJ, ofbllee BpeMA CKaHUPOBAaHUA
Macc-cnekTpa — 62 ¢, IpoMbIBKa Mexly npobamu — 60
c).

Jna xanubpoBKM Macc-CIleKTpoMeTpa MCIHOJIb-
30Bajldi MHOIO3JIEMEHTHble CTaHAapTHble pPacTBOPHI
ICP-MS-68A-A wu ICP-MS-68A-B  (HIGH-PURITY
STANDARDS, Charleston, USA), o6pa3er 6aiiKabCKOM
OyThupOoBaHHOM Bojbl (1A Na, Mg, Si, S, Cl, K, Ca,
(Suturin et al., 2003)), a TakXe pacTBOPH KAaTHOHOB
(Na, Mg, K, Ca, Fe, Hg) u anuonoB (Si, P, S, Cl, Br,
I), npuroroBsieHHBIE CMelleHHeM OAHO3JIeMeHTHBIX
UCII-MC cTtaHapTHBIX pacTBOPOB KoMnaHuu Inorganic
Ventures (CIIIA)

KoppekTtupoBky Ha uHTepdepupyomue MoJie-
KyJisipHble noHB (MeO*, MeOH*, MeAr*, MeCl*) npo-
BOJAWJIM C MCIOJIb30BaHMEM IOAXOAA, ONMCAHHOIO B
pabote (Aries et al., 2000).

TunuuHele omuOKku uaMepeHus (Ko3pPpuipeHT
Bapuauuu RSD), B 3aBUCHMOCTU OT KOHLEHTpaIuu
XMMUYECKUX 3JIEMEeHTOB HaXO4ATCA B CIIeAYIOUUX Aua-
mazoHax: <0,001 mxr/gm® — RSD>25 %; 0,001-0,1
MKr/ame — RSD 25-10 %; 0,1-1 mxr/ame — RSD 10-5 %;
>1 Mmxr/am® — RSD 5 %.

2.5. Mukpobuonornueckum aHanus

Obwyro uucseHHocmb MukpoopeaHusmog (OUM)
YYUTHIBAJIM METOAOM IIPAMOIO cueTa IpernapaToB, OKpa-
meHHBIX KpacuresieM JA®U (4,6-quamuguHo-2-beHu-
aungosn) (Porter and Feig, 1980), ¢ mcnosib30BaHUEM
snudJIyopeciieHTHOTO0 MuKpockomna (Axiovert 200
Zeiss, T'epmanus) c yabTpaduoseroBoit jiammnoir HBO
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SO0W/AC ASRAM 1npu cnektpe Bo30yxaeHUA 365 HM
(Bashenkhaeva et al.,, 2015). IIpu mojcyeTe KJIETOK
nmpocMaTtpuBaiy He MeHee 30 moJiell 3peHUs Ha obpa-
3ell, pacyeThl MPOBOAWJIN II0 PeKOMEHAOBaHHON (Gop-
myJie (Murray et al., 1994).

OpeaHompogHble 6akmepuu onpenessUIi IpY pas-
HBIX YCJIOBUAX KyJIbTUBHUPOBaHUA. PHIOO-NIeNTOHHBIN
arap, pas6assieHHslii B 10 pa3 (PITA/10) ucnosb3oBanu
JUIA ollpefieJIeHNs YMCJIEHHOCTU aBTOXTOHHOM MHKpPO-
(d0pHl, ecTeCTBEHHON JJIA JaHHOTO BOAOEMA, [IOCEBHI
nHKyoupoBanu npu 22 °C B TeueHue 72 u (OMY 22)
(T'opbenko, 1961). Ha msco-nentoHHoM arape (MIIA)
nocJie nukyo6aiuu npu 37 + 1 °C B TeueHue 24 4. onpe-
JleJIAI  YKCJIEHHOCTb AJIJIOXTOHHOM MHKPO(JIOPHL,
IIPUBHECEHHOI B BOJ0EM B pe3yjbTaTe aHTPOIIOTeH-
Horo 3arpsisHeHus (OMU37). KoabdunueHT camoouu-
meHus (KCO) ornpenesnsiiv 1o COOTHOIIEHUIO 3HaYeHU!
nokasarena OMY, onpeaen€HHBIX NpU TeMmIepaTypax
22°Cu 37 °C.

CaHumapHo-mukpobuoJiocudeckue  nokasamesu
onpefiesisinmi B coorBerctBuu (CaulluH 1.2.3685-
21). ObGHapyxeHHe U TOJCYeT HCCIefyeMbIX T'pYIIII
OakTepuil TMPOBOJAWIN, WCIOJB3Ys MeTOJ MeMOpaH-
HOM (uiabTpalluy Ha HUTPOILEJUIIOJIO3HBIX (UIbTPax
¢ auametpoMm nop 0.45 MxMm B cooTBercTBUM ¢ (MYK
4.2.1884-04) u (I'OCT 24849-2014). YucjieHHOCTb
TepMOTOJIepaHTHBIX E. coli ompefesisyiach MeTOJOM
MeMOpaHHON (UIIbTpaly C MCIOJIb30BAaHUEM CeJIeK-
TUBHOTO XaK-xpoM arapa (mpousBogactBo «Himedia» No
M1571) (TTOCT 24849-2014).

[TpucytcTBue (ekaJbHBIX 3HTEPOKOKKOB BBHIAB-
JIAIM MeTOoAOM MeMOpaHHOH (GUIbTpaluy C KCIIOJIb-
30BaHMEM IIMTATEJILHOTO CeJIeKTUBHOro arapa Slanetz
and Bartley Medium (mpousBomactBo «Himedia» No
M 612) u Bile Esculine Azide Agar (mpou3BoiCTBO
«Himedia» No M493) (I'OCT 24849-2014). Auanu3s
pe3yJibTaToB nposoauiu coraacHo (MYK 4.2.1884-04,
T'OCT 24849-2014).

3. Pe3yAabTathbl M 06Ccy)xpeHue
3.1. pH, cocTaB rnaBHbIX MOHOB

B nepuop ncciieqoBanus Bojia 060ux o3ep nuMesa
cJ1aboIIesiouYHy0 peaknuio, M, O KJlaccupuKanuu
AnexuHa (AsnekuH, 1953), cooTBeTcTBOBaja TrUApO-
kapboHaTHOMy kJjaccy (Tabsuna 1). Cpeau KaTHUOHOB
B BoJle 00eux o3ep mpeoGaagasm Ca2* u Na‘t. B o3.
Caticapsl koHIeHTpauusa Na+ (117 mr/mm3®) HeMHOTO
6osibme yem Ca?* (82,4 mr/mm3), a B o3. Cepreisx,
Hao6opoT, KoHLeHTpanuA Ca2* (28,4 mr/nMm®) HEMHOTO
6osibme yem Na* (24,8 mr/am®). B 03. Caiicapsl KOH-
IeHTpalys TJIaBHBIX MOHOB, 3a HCKJ0YeHuem SO,*
MpeBbIlIajla ycpeJHEeHHbIe XapaKTePUCTUKY, MOJTy4eH-
Hble 3a nepuona 1985-2021 rr. (JleroctaeBa u Pydosa,
2022) (manee 6yeM HCIIOJIb30BATh TEDMUH «XapaKTep-
Hble 3HaueHMA») B 1,5-3 pa3za, a obmmas MruHepaIu3anus
(1030 mr/mm®) — B ~ 2 pasa. Konuentparnusa K+, Ca2*
u HCO, B 03. Caiicapbl MpeBhIIaJIa MaKCHMaJsIbHbIE
3HaueHNs, HaOJIIoaBIINecs B epUOL OTKPHITON BOZBI
B 2009-2021 rr. (quana3oH Bapualuil XapaKTepPUCTUK
JJ1 JOCTYIHOTO Iepuoja HabJoleHuil Aajiee OyneM
Ha3bIBaTh «MOHUTODHHIOBBIE 3HAaYeHUs»). DTO MOXET
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yKa3bBaTh Kak Ha 6oJiee MHTEHCUBHYIO MMOJNUTKY MOJ-
3eMHBIMM U PEYHBIMU BOJAaMH B 3UMHUII IepUO] 110
cpaBHeHMIO ¢ aTMocdepHOI BJIaroil, Tak M Ha BKJaJ
a"TponoreHHux ¢akropos (Pydosa u gp. 2012), croku
KOTOPBIX MOTYT MONafaTh B 03ep0 C TPyHTOBHIMU
Bogamu (Makapos u Unmxyk, 2009).

Munepanusanusa o3. Caricapsl (1030 mr/mm®)
HEMHOT0 IIpeBbIlliaia Mpe/ieIbHO JOMyCTHUMble KOHIIEH-
tparuu (IIJK) 11 nuTheBo BB IEHTPATU30BaHHOTO
BogocHaOxeHus (1000 mr/am®), Ho Gblyia MeHbIe TTJJK
71 TUTheBON BOJBI HelleHTPaIM30BaHHOI'O BOJIOCHA6-
xenus (1500 mr/mm®) (CaulluH 1.2.3685-21). Cpenu
IJIaBHBIX HOHOB KoHLeHTpamusa Mg2* (50 wmr/mm®)
B 03. Caticapel focrurasna IIJIK Boa Xx03siCTBEHHO
MUTBEBOTO U  KYJIbTYPHO-OBITOBOTO  Ha3HaueHUs
(IIOK x/m_k/6) u mpeBbIasa PhIOOX03AHCTBEHHBIE
HopmatuBhl (1,25 IIJK_p/x). XXecTkocTb BOABL B 03.
Caticapsi (8,3 mr-sxs/am®) B 1,2 pasa mpesbimaria ITJK
71 IUTbeBOM BOBI I[eHTPaJIM30BaHHOTO BOJOCHa0Xe-
Hus (7 mr-skB/nm3), Ho 6b1a Menbiie I[TJK aja nuThbe-
BOU BOJbl Hel[eHTpaJIM30BaHHOTO BojocHabxeHus (10
MTr-3KB/OM3).

O3. Ceprenax 0OoJsiee npecHOe, MUHepasMU3a-
1uA BoJbl (CyMMa TIJIaBHBIX MOHOB) B HEM COCTaBJIsLIa
279 wmr/nm3, uto B 3,7 pa3a HUXe, yeM B 03. Caricapsl
(Tabmuma 1). KonneHTtpalus rJiaBHBIX HOHOB B 03.
Cepreniax 6pu1a B 1,5-2 pasa HUXe XapaKTepHBIX 3Ha-
YeHUHN, YTO MOXeT yKa3blBaTh Ha APYroil XapakTep
TUIPOJIOTUYECKOTO PeXrMa 03epa 10 CPaBHEHUIO C 03.
Caticapel. KoHuentpauusa K* B 03. Cepreyisix HEMHOTO
MpeBbIIajia MaKCHUMaJibHble MOHUTOPUHIOBblE 3Haue-
HUsA, HabJjroJaeMble B IEPUOJ OTKPHITOM BoAbl B 2009-
2014 rr.

3.2. BbMoreHHble KOMMNOHEHTbI

Haubospmasa koHneHtpanusas ammoHusa (NH 4+
2,27 wr/mm3), mpeBblnammas oba HOpMaTHBA
(4,5 TIOK p/x (Ilpukas..., 2016) u 1,5 IIJK x/n_k/6
(CanlluH 1.2.3685-21)) Oputa OOHapyXeHa B O03.
Caticapsl (Ta6suna 1). B 03. Ceprenisix KOHLIeHTpauus
ammonusa (NH W 0,66 Mr/mM®) mpeBbIIaia peio0X0-
3sAICTBeHHble HOpMaTHUBH B 1,3 pasa.

CorslacHO kJaccu@UKaluy CTeleHU 3arpA3HeH-
HOCTH BOJIOEMOB I10 COAepKaHUI0 aMMOHMITHOIO a30Ta
(8 mr/nm®): ouenp uncthie (< 0,05), uncrsie (0,05-0,1),
yMepeHHO 3arpsisHeHHble (0,2-0,3), 3arps3HeHHbIE
(0,4-1,0), rpsasusie (1,1-3,0) u ouens rpasHeie (> 3,0),
(Xapaes u ap., 2004), o3. Caticapsl ronajaeT B KaTero-
pUIO «I'psI3HBIE», a 03. CepreJifax — B KaTeropuIio «3arpsis-
HeHHble». [loTyyeHHbIe KOHIIEeHTpally aMMOHUA B 03.
Caticapbl 6JM3KH K MaKCHMaJIbHbBIM MOHUTOPUHIOBEIM
3HayeHuAM (3,4 mr/am®) u B 3,6 pas Bhlllle XapaKTePHBIX
3HaveHuit (0,63 mr/am®). B 03. Cepressix KOHI[EHTpA-
LA aMMOHUA B 2,4 pa3a HIKe MaKCHUMaJIbHBIX MOHHU-
TOPUHIOBBIX 3HAaueHuH (1,6 mr/am®), ogHAKO MOYTHU B
JIBa pasa BHIIIEe XapaKTepHbIX 3HaYeHui (0,35 mr/mm°)
(Tabsmna 1).

KoHuenTpaiya npogyKToB OKHUCJIEHNS aMMOHUA
(NOZ', N03') B 03. Calicapsl MeHbllle, yeM B 03. Cepresax
(Tabsmuma 1). 3To ykasbBaeT Ha To, 4To 03. Caticaphl
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noasepraercsa 0ojiee MHTEHCUBHOMY CBexXeMy (eKaib-
HOMY 3arps3HeHUIo.

KoHnenTpaliys HUTPUTOB U HUTPATOB B 000MX
o3epax Oblla HUKe YCTAHOBJIEHHBIX HOPMAaTHBOB.
KonnenTparusa HUTpUTOB B 03. Calicapsl Hcue3alolie
masa (0,003 mr/am®), B ceMb pa3 HHUKe MUHUMAaJIbHBIX
MOHHMTOPUHTOBBIX 3HaueHuH (0,02 mr/nm3) u B 43 pasa
HIXe XapakTepHbIX 3HaueHu# (0,13 mr/mom3).

KoHuentpauua HutputoB B 03. Cepressax
(0,046 wmr/mm3) comocTaBMMa € MOHHUTOPHUHTOBBIMU
3HaveHusamU (< 0,05 mr/am®) u B 1,5 paza Bhillle xapak-
TepHbIX 3HaYeHui (0,03 mr/ame).

Konrnenrpauusa nHutpatoB B 03. Caticaps (0,41
mr/am?®) 6puta B 5,4 pasa Hike MaKCUMAaJIbHBIX MOHU-
TOPUHI'OBBIX 3HaUeHu (2,2 mr/am®) u B 2,8 pasa Huxe
xXapakTepHBIX 3HaueHud (1,16 mr/ame).

KoHuentpauua HutpatoB B 03. Cepresax
(1,22 mr/nm®) 66112 MOYTH HA OPSAAOK BHIIIE XapaKTep-
HbIx 3HaveHuil (0,13 mr/mm3). [Ipy MOHUTOPHHIOBBIX
HccieJOBaHUAX B IeEpUOJT OTKPHITON Bobl B 2009-2014
IT. HUTpATH B 03. CepreJisix He 00HapYyXUBAJIUCh, IIpe-
Jemnsl 06HapyxeHus aBTopsl (Pydosa u KceHodoHTOBA,
2015; Pydosa u TaTapunoBa, 2015) He yka3bIBaloT.

B mesoM cyMmapHas KOHI[eHTpalusA as3oTa B
BUJe pasnnyHbeX ero ¢opm (NH,*, NO,, NO,) B 03.
Caticapsl 6b171a B 2,3 pasa Bhillle, ueM B 03. Cepresax. U3
pHCyHKa BUHO, uyTo 03. Calicaphl HAaXOOUTCA B palioHe
TryCTON TrOpOACKOI 3acTpoiiku, a 03. Cepresiax B paui-
OHe caJOBOAYECKUX X03A1cTB. CyMMapHas KOHI[eHTpa-
I[1g a3oTa B BUE pa3jIMYHBIX ero ¢popMm B 03. Caticapbl
[IpeBHINIajIa XapakTepHble 3HaUeHuA B 2,3 pasa, a B 03.
Cepresisax B 2,6 pa3 uTO, BepOsATHO, CBA3AHO C 0CcOoOeH-
HOCTAMU MOAJIEJHOTO [IeproAa.

Mo xonunentpauuu ¢ocparo (1,04 wmr/mm)
B Ilepuoj uccjenoBaHus o3. Calicapbl NonajgaeTr B
Kareropuio runeptpodHsix BogoemoB (Tabnuma 1).
KoHuentpauusa ¢ocdaTtoB B 3TO BpeMA MpeBhHIIaia
xapakTepHsble 3HaueHus (0,44 mr/nm®) B 2,4 pasa v Mak-
CHUMaJIbHble MOHUTOPUHTOBHE 3HaueHus: (0,76 mr/ame)
B 1,4 pa3a. B 03. Cepresax koHUeHTpauua ¢ocdaton
(0,162 mr/am®) 6p1a B 6,4 pa3 MeHblle, 4eM B 03.
Caiicapbl, B []Ba pa3a HIDKe XapaKTepHbIX 3HA4YeHUN
(0,33 mr/am®) U Ha TOPANOK HUXE MAaKCHMAaJIbHBIX
MOHHMTOPUHIOBBIX 3HaueHui (2,4 mr/am®). Ilo KOH-
HeHTpauuu (ocdaTtoB Ha MOMEHT HCCJIeJOBaHUA O3.
CepreJifax nonajgaeT B KaTeropuio Me30TPOQHBIX BOJO-
emos (0,15-0,45 mr/mm3).

Konrentpanus obmero docdopa (P_obmr) B 03.
Caticapsl cocrasisia 0,53 Mr/aMe, a OpraHUYeCKOro
dochopa (P_opr) — 0,19 mr/mm®. Hosass P_opr B Bofe
03. Caticapsl cocrasisna 36%. KoHenrpauus P_o61g B
03. Cepreyax cocrapysia 0,23 mr/ame, yto B 2,3 pasa
HUXe, 4eM B 03. Caiicapsl. KoHneHTpanusa P_opr B 03.
CepreJsisix OblJIa MOYTU Takas ke, Kak B 03. Caiicaphl
u cocrapsuia ~ 0,18 mr/mm®. TakuMm ob6pas3om, oA
P_opr B Boge 03. Cepresnax cocrasiana 77%, 4TO B
JiBa pasa Bblllle, YeM B 03. Caiicapbl. DTO yKa3bBaeT Ha
6osee s3dpdexTuBHYI0 yTUnaM3auuio docdopa G6mOTOMN
03. Cepresax.

Paznnuue o3ep 1o OMOreHHBIM Harpyskam, Bepo-
ATHO, 00YCJIOBJIEHO HepaBHOMEPHEIM paciipeiesieHreM
AHTPOIIOTeHHBIX (aKTOPOB.
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KonuenTparus Si B 03. Caticapsl (1760 Mkr/mm®)
u 03. Cepresax (1590 mkr/am®) Gbu1a comocraBuma. B
HccJie[yeMbIi TIEpHo BoJjla 000UX O3ep MO JaHHOMY
MMOKa3aTeJTi0 MPUroAHa JJIA X03AUCTBEHHO MUTHEBOTO U
KYJIbTYPHO-OBITOBOT'O MCIIOJIb30BAHUA, TOCKOJIBKY TIPU-
MepHo BIiecTb pa3 Hrke [TIK_x/m_k/6 (10 000 Mxr/am3).
PBI60X03ACTBEHHBIMI HOPMAaTUB MO Si HE YCTAHOBJIEH.
XapakTepHbIX M1 MOHUTOPWHTOBBIX 3HayeHUU 1O Si B
HccJie[yeMbIX 03epax HANTU He YIaJIoCh.

3.3. OpranMueckoe BeLLeCTBO

CofiepxaHye OpraHMYecKUX BellecTB OlleHNBa-
Jochk nmo nokasartesaM XIIK (obijee kKoJyimuecTBO pac-
TBOpEHHBIX opraHudeckux eilecTtB) u IIMO (comep-
J)KaHUe JIETKOOKUC/IAeMBIX OpraHHYeCKUX BellleCTB).
XIIK B 03. Caiicapsl coctaBisaio 122 mr O,/am? 4ro
conocraBumo ¢ XIIK B 03. Cepressax (133 mr O,/am?).
ITokazaTtenu [IMO B 3Tux o3epax Takxe 6Ju3ku — 38,8
u 42,4 0,/1M° COOTBETCTBEHHO.

[TokazaTenu XITIK B oboux o3epax IpeBhIIATU
IIAK texuuveckoit Bogasl (60 mr O,/am®) B ~ 2 pasa.
INokazatenu XIIK B obownx ozepax mnpesbiuanu 1K
BOJIOMCTOYHMKOB, UCIIOJIb3YEeMBIX A1 peKpealioHHOI 0
BOJIONIOJIb30BaHMsA, a Takxke IIJIK BogoeMoB B uepre
HacesleHHbIX MecT, I1JIK BOJbl B OTKPHITHIX CHCTeMax
TexHHU4Yeckoro BogocHabxxenus, [1J1K BoAs! A1 noauBa
yJMI U 3esieHbix Hacaxaenui (30 mr O,/am°) — B ~
4 pasa. Ilokasarenu XIIK B o6oux o3epax NpeBhIIaIN
I1IK noBepXHOCTHBIX BOAOWCTOYHUKOB, HCIIOJIb3yEeMBbIX
JUI LIeHTpaJIM30BaHHOI'O BOAOCHAaOXeHUs HaceJeHus,
INJK Boabl AJig X03AHCTBEHHO-OBITOBOIO BOJOIOJIb30-
BaHHU#A, B MecTax Bojo3abopa [aJiA IjlaBaTeJIbHBIX Oac-
ceiiHoB, BojoJieuebHun (15 mr O,/nm®) — B 8-9 pas
(Tabmuma 1). To ects AJA BceX 3TUX Iesiell BOAy U3
03. Caticapnl u 03. Cepresiax B HcCJieyeMblll NeprUof
HCIIOJIb30BaTh HeJIb34.

[MokazaTtenu [IMO HOPMUPYIOTCS JJIs1 TUThEBOM
BOJIbI IIEHTpaJIN30BaHHOTO (He GoJiee 5 mr 02/mm®) u
HelleHTpaJin3oBaHHoro (He GoJiee 7 mr O%/am®) Bojo-
cHaOXxeHMs, a Takxke JJiA BOABI akBanapkos (He Oosiee
7,5 mr 02/aqm®). UccegyeMsie o3epa Mo 3TUM MOKa3a-
TeJIAM IIpeBbIIaIN YCTaHOBJIEHHble HOpMaTHUBE MUHU-
MyM B 5 pa3. To ecTb Boja 3THUX 03€p B CJIeqyeMBbIi
[epyo/] TakXe HeIpUroAHa AJiA NUThA U OpraHu3aluu
aKBanapkKoB.

CpaBHUBasA NOJIydeHHble pe3yJbTaThl C MOHU-
TOPUHIOBBIMU HaOioAeHuAMY, BuAHO, uTo XIIK B 03.
Caticapsl npubanxaeTca K MaKCUMaJIbHBIM 3HaYeHUAM
(150 mr O,/nm?), 3apUKCUPOBAHHBIM B TIEPUOJL OTKPHI-
Toil Bombl B 2009-2021 rr. XapakTepHble 3HaueHUs
XTIK s o3. Caticapsl B paboTe (JlerocraeBa u Pydoga,
2022) He yka3aHbl. /[aHHBIX B HAYYHOU JIUTEpaType 1o
XIIK u IIMO pansa o3. Cepreisix Takxe 00HapyXUTb He
yAaJioch.

I[TIo cootHomenuio IIMO/XIIK MoOXHO oIle-
HUTb KayecTBEHHHIN COCTaB OpraHUYecKOoro BellecTBa
npupoaHsix Bopd (CxonmHueB, 1950; CkomuHIEB U
TF'onuyapoBa, 1987). VYcJioBHOHI rpaHullell opraHuye-
CKOT'O BellecTBa aJUIOXTOHHOI'O U aBTOXTOHHOIO IIPO-
ncxoxnaeHus npuHaTo 3HayeHue [IMO/XIIK = 40%. B
03. Caticapsl 3TOT nokasareJib cocTasiisieT 31%, a B 03.
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Cepressix — 32%. To ectb, B 060uX 03epaXx OCHOBHAasd
4acTh OPraHN4ecKoro BellecTBa — aBTOXTOHHAA.

3.4. MukKkpo3neMeHTbl

K MukpossnemeHTamM (B MHOCTpPaHHOH JHMTepa-
Type trace elements — cjie[JoBble 3JIEMEHTBI) OTHOCST
XMMHYecKre 3JeMeHTHI, coflepXaHue KOTOPBIX B IpU-
poausix Bomax < 1 mr/am® (Gaillardet et al., 2003).

Konrnentpanus Fe, koTopoe TakXe OTHOCAT U K
OuoOreHHBIM dJieMeHTaM, B 03. Caticapsl (200 Mkr/mm3)
u 03. CepreJyisax (250 Mxr/am®) mpeBbiIaia peio0X035i-
CTBEHHble HOPMATUBHL B 2 U 2,5 pa3a COOTBETCTBEHHO
(Tabmuna 1). B 03. Ceprensx xkoHneHTpalus Fe Obuia
0J1M3Ka K XapakTepHbIM 3HaueHUAM (270 Mkr/am3) u B
3,4 pa3a HUXe MaKCUMaJIbHBIX MOHUTOPUHIOBBIX 3Ha-
yeHuit (850 mkr/nm3), a B 03. Calicapbl KOHI[EHTpALUA
Fe ObLna moutu B 2 pa3a HUXKe XapaKTepPHBIX 3HaUeHUI
(390 Mkr/am®) U B 2,7 pa3 HUXe MaKCUMaJIbHBIX MOHU-
TOpUHIOBBIX 3HaueHU (530 mxr/am®). Ilo maHHOMY
MoKasaTesl0 Bojla 000ouX o3ep NpUroAHa IJis XO3sii-
CTBEHHO MUTHEBOT'0 U KYJIbTYPHO-OBITOBOT'O HCIIOJIb30-
Banus (ITOK x/m_k/6 =300 mkr/om®).

KonnenTparus Mn B 03. Caticaps! (1050 Mkr/am®)
Obsla B TpU pasa Bee, yeM B 03. Ceprensax
(350 mkr/am®). Ob6a mokaszaTesia CyIeCTBEHHO MPEBHI-
masnu peiboxossiictBeHHble HopMmatuhl (IIOK_p/x
10 mkr/mm3) — B 105 1 35 pa3 cOOTBETCTBEHHO, a TAKXKE
HOPMAaTuBH BOABl [JIA XO3AMCTBEHHO-IUTHEBOTO U
KyJbTypHO-OBITOBOTO Bofomnosib3oBaHus (IIJK _x/n_k/6
= 100 mxr/mgm®) — B 10,5 u 3,5 pa3 cOOTBETCTBEHHO.
Konrentparus Mn B 0601x 03epax TakkXe Cyl[eCTBEHHO
MpeBbIIajia XapakTepHble 3HaueHus (20 Mkr/mM3)
- B ~50 u 17,5 pas, cooTBercTBeHHO. B pabGoTte
(KarigamoBa u OJstecoBa, 2019) oTrMeuaeTcs, 4TO BBHICO-
KHUH 1 3KCTpeMaJIbHO BBICOKHUI yPOBHU 3arpsA3HeHNs 03.
Caticapsl MapraHiieM OTHOCUTEJIbHO PhIO0X035ICTBEH-
HBIX HOPMATHBOB (DUKCUPOBAJINCh B 3UMHIOI-JIETHIOIO
mexeHb B 2012 u 2013 rr. To ecTh, B 3TO BpeMs KOH-
HeHTpanuss Mn wmorjyia 6eITh 6osbiie 500 MKr/mme,
OHAKO HACKOJIbKO Oo0Jibllle aBTOPHI He YKa3hIBaIOT.
Konnentpanuss Mn B 03. CeprensAx Ha NOPSAOK Ipe-
BhHIIIaJIa MaKCHMaJibHble MOHUTOPHHIOBblE 3HauyeHUsA
(29 Mxkr/om®).

Bricokue ypoBHU codepxkaHusa Mn B Bofe 03ep B
MoJJIeTHBIN TIepro/T B 60JIbllleli cTeneHu 00y CIIOBJIEHBI
0COOEHHOCTSAAMM €ro reoXuMHUYeckoro mnosefeHus. Ha
KOHIleHTpauuio Mn B HpHUPOJAHBIX BOJAaX OKa3bIBaeT
BJIMsHUE CcOJiepXXaHue pacTBOPEHHOro Kucjopoda u
BeJINYMHA OKUCJIMTEJIbHO-BOCCTAHOBUTEILHOI'O IOTEH-
1uasga. B ymMepeHHBIX OKMCJINTEJIbHBIX YCJIOBUAX pac-
TBOPUMBIN Mn?* mepexoguT B HepacTBOPUMBIA Mn*™,
KOTOPBII MUTPUPYeET, TJIaBHBIM 00pa3oM, B BHJe KOJI-
JouaHex popm (~90%, Pokrovsky et al., 2006), oH
MOXeT YTUJIM3UPOBAThCA B IOHHBIE OTJIOXKEHUS U/UJIN
copbupoBaThcs B3BellleHHBIM BelllecTBOM (UeOBIKMH U
Ip., 2012). B nepuon nefocTasa, Ipu HeJocTaTKe KuC-
JiopoJia, MPOUCXOAAT oOpaTHBIe MpoIlecchl MOOHIM3a-
uyy Mn U3 JOHHBIX OTJIOXKEHHH — B CE30HHOM LIMKJIe
ero KOHI[eHTpalusa B BOJe MOXeT MeHAThCA B IeCATKU
u coTHU pa3 (UebwikuH U Ap., 2012). Mn MoxeT Takxe
MOCTynaTh B BOJOEMBI IpU MOAMUTKE I0JI3€MHBIMU
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BOJaMH, KOTOpBle, Kak IIpaBWjIO, cOAepXaT 3Hayu-
TeJIbHO OoJibllle Mn, [10 CpaBHEHUIO C TIOBEPXHOCTHHIMU
Bogamu (CyTypuH u np., 2016). [Ipoueccam MoOuIu-
3auu Mn B BOAY TakXe CHOCOOCTBYeT OOJIOTHUCTHIN
nangmadT (xuciaa cpefa) U MOHWXKEHHE CKOPOCTHU
TeueHUs. Ha ¢oHe Takux CyleCTBeHHBIX IPHPOAHBIX
IIPOLIECCOB BBIWJIEHUTh AHTPOINOTIeHHBIN BKJIAZ ABJIA-
eTcs CJIOXKHOM 3aAaveil. B nmojieqHbIN Nepuo Mo JaH-
HOMYy IIOKa3saTeJi0 Bofja 000MX o3ep He NMpUroAHa AJiA
nuThs 6e3 npeABapUTESIbHON OUNCTKU.

KoHuenTparus Zn B 03. Caticapsl (0,83 Mkr/mm®)
u 03. Ceprenax (5,1 mkr/am®) 6puta Huke ITOK p/x
(10 mxr/mm®) u cymectBeHHO Huxe IIIK x/m_K/6
(1000 mxkr/mM®), a TakXke XapaKTepHBIX 3HAYEHUH,
KoTOphle cocTaBysalT 120 m 20 wmkr/am® mjs o3
Caticapel u 03. Cepresisax cooTrBercTBeHHO (Tabsuia
1). MakcuMasibHble MOHMTOPHWHIOBHIE 3Ha4deHus Zn
coctaBiiaT 390 u 490 mkr/am® 1A 03. Caiicapsl U 03.
Cepresiax cooTBeTCTBeHHO. CTOJIb BBICOKHE 3HAUYeHU:A
He XapaKTepHBI AJiA NPUPOJHBIX BOJIOEMOB, YTO BBI3BI-
BaeT OoJIbIlINie COMHEHHs B KayecTBe aHaJIUTHYeCKUX
JaHHBIX.

Konrnentparnuss Cu B 03. Caiicapsl 6puta <0,4
MKr/am®, uro Hwke IIJK p/x (1 Mmrr/mm®) m cymge-
ctBeHHO Hmxe ITIK x/m_k/6 (1000 mkr/mm3). B o3.
Cepresiax koHueHtpanua Cu (1,77 wmkr/am®) mpe-
BHIIIAJIa PHIOOXO3AMCTBEHHBIE HOpMaTuUBH B ~ 1,8
pa3. XapakTepHas KoHIeHTpauusa Cu B ob6oux osepax
cocrapysier 1 MKr/am® ¢ BapuanusaM{U MOHHUTOPHH-
roBeix 3HaveHwili <1-11,7 mkr/am3 B 03. Caiicapsl u
1,5-2,3 mkr/nm3 B 03. Cepresiax (Tabawuma 1). B uccre-
JAyeMBbIl iepruof BoJa o0oux o3ep [0 AaHHOMY IIoKas3a-
TeJII0 IIPUTOJHA JJIA X03ANHCTBEHHO-IUThEBOI'0 U KYJIb-
TYPHO-OBITOBOI'O MCIOJIb30BaHUA.

KonuenTparus Pb B 03. Caticapsl (0,025 Mkr/mm®)
u 03. Cepremax (0,025 mkr/mm®) 6puta CymiecTBEHHO
ke [TOK_p/x (6 mxr/am?®), IAK x/m_k/6 (10 Mxr/am®)
U XapakKTepHbIX 3HaueHW! (4 u 10 mxr/mm® oA os.
Caticapsl u 03. CepreJsifx, COOTBEeTCTBeHHO). Bapuanuu
MOHHMTOPUHTOBBIX 3HaueHus Pb cocrasisror 1,4-22,2
u 4,9-6,8 mxr/am® ansa o3. Caticapel u 03. CepreJisax
cooTBeTcTBeHHO. CTOJIb GoJIbliIas pa3HUIlA HalIUX JaH-
HBIX C OIyOJIMKOBaHHBIMH, CKOpee Bcero, o0ycJjioBjieHa
a"HamuTUYeckuM (GakTopoM. B JaHHON paboTte MCHoJIb-
30BaH BBICOKOUYYBCTBUTEJIbHBIN MeTOJl MHOI'03J1eMEeHT-
Horo UCII-MC aHanu3a, KOTOPHIN UMeeT Ipefieibl 06Ha-
PYy’keHH: 3J1eMeHTOB Ha IOPAAKU HUXe, 10 CPaBHEHUIO
C TPAOUIMOHHO MCIO0JIb3yeMbIMU MeTodaMu (aToMHas
abcopbuusa u T1.1.). CKOpee Bcero, aBTOPHI, TPOBOAUB-
e MOHHUTOPHHIOBBIE HCCJIEJOBAHUA, HCIOJIb30BaJU
MeToAbl (K COXaJIeHHI0, He YKas3blBaloT), IpefeJibl
oOHapyXeHHsA KOTOPHIX OCTaBJIAJIM JKeJaTh JIydllIero.
DTO pasjuuue IpocMaTpuBaeTcs IPaKTHU4ecKu AJid
BCeX 3JIeMEHTOB C XapaKTepHOIN KOHIeHTpalueil Ha
YPOBHe eqUHUI[-TecATKOB MKT/aM® u Huxe (Zn, Co, Cr,
Mo, Li, Tabmuma 1).

Cpenn [pyrux MUMKDPO3JIEMEHTOB, IIPEBHIIIAB-
IIMX YCTaHOBJIEHHBIE HOPMaTUBhI, OOHapy>eHH! Sr (1,8
NAK p/x), V (1,7 IIAK p/x) u Br (1,6 [IAK x/11_k/6) B
03. Caricapbl. Konnenrpauus Sr (720 mkr/am3) B 03.
Caticapel mpeBhIlIajla XapakTepHble 3HaueHus (260
MKr/am®) B 2,8 pasa. B 03. Cepresyiax KOHLEHTpAIUA
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Sr (170 mkr/am®) 6puta B 2,4 pasza Huxke ITOK p/x
(400 mkr/mmM®) ¥ HEMHOTO BBIIIE XapaKTEPHBIX 3Haye-
Hui (150 mxr/am®). Io V, Br 1 GOJIBIIMHCTBY APYTIUX
MHUKPO3JIEMEHTOB, U3MePEeHHBIX HaMU, XapaKTePHBIX U
JPpyTrux 3Ha4eHUH B JIUTepaType HaliTH He yAaJiocCh.

3.5. TeoxumuUueckKum cocrtaB

FeoxyMUYecKUil COCTaB BOJBl BOAHBIX OOBEK-
TOB, C OJTHO! CTOPOHEI, BecbMa crieniduyieH, ¢ APyroi
— U3MeHYMB, OH GOPMUPYETCS MOJ BIUSHNEM MHOXe-
CTBa NPUPOJHO-KIMMAaTUYECKUX, GU3NUecKux, pusu-
KO-XMMUYECKUX, OMOJIOTMYeCKUX U AaHTPONOre€HHBIX
(axTOpOB, KOTOPHIEe BIIUAIOT HA IPOIECCH B3auMOo/ieli-
CTBUA BOJBI C TOPHBIMU [IOpOJaMHu, I0YBaM, OMOTON U
atMocdepoii (Ilepesnbman, 1982). 13 noyueHHBIX JaH-
Heix (Tabauna 1) cienyer, 4To IpUMEPHO B IOJIOBUHE
cJIyyaeB KOHI[EHTpAIUsA XUMHYeCKUX 3JIEMEHTOB B 03.
Caiicapsl Oblsia Bhille, yeM B 03. Cepressax (B pasax):
Co (1,3), Y (1,4), Ta (1,4), Rb (1,5), Ti (1,5), Cr (1,6),
Sc (1,7), Zr (1,9), V (2), Hf (2), Be (2,2), As (2,3), Ni
(2,3), P (2,3), Ba (2,8), Nb (2,8), Ca (2,9), K (3), Mn
(3),1(3,4), Mg (3,6), Li (3,7), Br (4), Sr (4,2), Na (4,7),
Se (6,6), Cl (6,7), Ge (7,9) u B (8,5). B necsaru ciyyasx,
HaoboporT, 6b1a MeHblIe (B pa3ax): Fe (1,3), Ga (1,9),
Th (3), Al (3,7), W (4,1), Cu (4,4), Pb (4,6), Zn (6,1),
Cd (6,3) 1 Mo (9,1). Ilo ocTraipHBIM 371eMeHTaM (Hg, Si,
Ag, Sn, Sb, Te, Cs, REE, Ta, Re, Tl, Bi u U) pa3muunii,
B paMKax OIIMOOK OIpefieJIeHUs] UX KOHI[eHTpaluii,
MeXy o3epaMy He 0OHAPYKHUBAJIOCh.

3.6. KomnnanekcHana oueHKa KauecTBa BOA
no rUAPOXHMMHYECKHM M reOXMMHUYECKHM
noKasaTtenam

[TonmyueHHble aHHBIE He MO3BOJIAIOT HCIOJIb30-
BaTh ¢popMajibHble KOMILJIEKCHBIE TIOKa3aTesNu — y/iesIb-
HBII KOMOWHATOPHBIE WHJEKC 3arpsA3HeHHOCTH BOJ
(YKUB3) u uHpekc 3arpssHeHHocTH BoJ (13B).

714 olileHKU IepBOro UHJleKca TpebyeTcs onpefe-
JieHue 15 ob6s3aTesbHbIX mokasaresei (O,_pacts, BIIKS,
XIIK, denobl, HedrenpoaykTsl, NH,*, NO,, NO,, CI,
SO,*, Fe, Mn, Cu, Zn, Ni) (P[] 52.24.643-2002), cpeau
koTopbix O, pacts, BIIKS, deHomnbl, HepTenmpoayKThi
MBI He ompefesnanu. [Ipu pacuere YKU3B, Hapsany c
KpaTHOCThI0 npessieHus [1JJK, ncnoibs3yioTes nokasa-
TeJN KOMILJIEKCHOCTU U MOBTOPSIEMOCTH 3arpsi3HeHUsA
3a uccjaeqyeMslii nepuo/. B naHHoi pabote npoBeieHO
eIMHUYHOe OompoboBaHUe, YTO He IMO3BOJIAET Olpeje-
JIUTh NOKa3aTeJb MOBTOPSIEMOCTU. B 3aBUCHMMOCTH OT
BesinunHbel YKU3B onpenesiseTca Kjacc KayecTBa BOL
ot I (ycioBHoO uncras) no V (3KkcTpeMasbHO I'ps3Hasi).

g olleHKM BTOpOro mokasaTesisi TpebyeTcs
ompeJiesieHUe IlecT HauboJiee BaXXHBIX ITOKa3zaTesei
JIJ11 JTaHHOT'0 BoZl0eMa, Cpeivl KOTOPhIX 0053aTeIbHBIMU
asyswoTesa O, pactB u BIIKS (Bpemennsnie..., 1986). B
3aBUCHUMOCTHU OT BesuuuHB 3B ompepesnsercs kiacc
kauvecTBa Bof OT I (oueHs uucras) go VII (upe3Brruaiino
rps3Has). B ganHoil pabore OBa mocjegHUX IOKa-
3aresid He olpelessnch. J[Jii cpaBHEHUs CTeleHU
3arpsAasHeHHOCTU 03. Caiicapsl U 03. Cepreyisix paccuu-
ThiBasics V3B ¢ numeroniyMcsa HabopoM 3arpsi3HUTeNel,
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rge BMecto BIIKS ucnosb3oBaH OJM3KUN KpUTEPUIL
— mepMaHraHatHas okucijsgemocts (IIMO). [Ipu stom
Habop 3arpsA3HUTeJIel He OrpaHNYMBaJICA NIECThI0 Hau-
60Jiee Ba)KHBIMU [TIOKa3aTeJIAMHU, a OblJIM MCIIOJIb30BAHBI
BCce n nokasaresien C, KOTOpbie JOCTUTJIM UJIU TIPEBHI-
cuim ycraHoBJieHHble HopMaTussl (ITAK p/x u [TAK x/
1_K/6) X0TsA ObI B OJHOM W3 03€ep:

n il
H3B{v) = — |/n (1),
g“ﬂlﬂ{i
rge W3B(y) - YCJIOBHBI WHJIEKC 3arpsA3HEHHOCTU

HCccyIeTyeMBbIX 03ep.

CorJracHO TOJTy4YeHHBIM JIaHHBIM, UMEETCS CEMb
TaKUX IOKa3aTejleli M0 PBIOOXO03ANCTBEHHBIM HOpMa-
tuBam (Mg>*, NH,*, PO, Fe, Mn, Cu, u V) u JeBATbh
rmokaszarejiell M0 HOpPMaTWBaM JUIsi BOIHBIX OOBEK-
TOB XO3SICTBEHHO NMUTHEBOTO U KYJIBbTYPHO-OBITOBOT'O
HasHaueHus (Mg?*, KeCcTKOCTh BOJBI, MUHEpaJIU3aIUA
Bozel, NH,*, PO *, XIIK, IIMO, Mn u Br) (Ta6auna 2).

B Tabnune 2 npuBefeHBl CTENEH! NPEBHIIEeHNA
I[IAK no BeIOpaHHBIM IOKa3aTesAM M pacCUUTaHHBIE
ypoBHU 3arpasHeHHocTu (V3) (P 52.24.643-2002) u
yCJIOBHBIe UHJeKCH 3arps3HeHus o U3B(y).

B o03. Caticapst U3B(y)_p/x cocraBasin 16,7,
yTo B 2,8 pa3 Bhille, yeM B 03. Cepresiax (M3B(y)_p/x
= 6). To ecTh MO PHIOOXO3SANCTBEHHBIM HOPMATHUBaM
03. Caticapsl ObUIO IOYTH B TPU pasa XyXe, 4eM O3.
Cepressax. ITomasistromuii Bkytaz B U3B(y)_p/x B o6omx
cJly4asx BHOCWMJI Mn, KOTOPBIM NPEBBIMIAT yCTAHOB-
JleHHBIY HopMaTuB B 105 pa3 B 03. Caticapsl u B 35 B
03. CepreJisix, 4TO COOTBETCTBYET IKCTPEMAJIBHO BBICO-
KOMY ¥ BBICOKOMY YPOBHSM 3arps3HEHHOCTH, COOT-
BeTcTBeHHO. CpelHNE YPOBHU 3arps3HEHHOCTU BOJ
11 pEIO0X03AMCTBEHHBIX liejiell oOHapyXHUBaJIUCh IO
ammoHnmio (4,5 IIK _p/x) B 03. Caticapsl u o Fe (2,5
INOK p/x) B 03. Cepreyisix. YpoBeHb 3arpsA3HEHHOCTU
10 OCTAJILHBIM KOMITOHEHTaM ObLI HU3KUM WJIN OTCYT-
crBoBaJ (Tabsuna 2).

N3B(y)_x/1u_k/6 B 03. Caticapsl cocTaBiisit 3,42,
yto B 1,5 pa3 Beime, uem B 03. Cepressix (U3B(y)_x/
nk/6 = 2,25). To ecTh 10 XO3AUCTBEHHO MUTHEBBHIM U
KyJIbTYPHO-OBITOBEIM HOpMaTuBaM 03. Caticapbl ObLIO
Takxke xyxe, uem 03. Cepressax. OCHOBHOU BKJIAJ] B
oboux ciydasax B 3TOT uHAekc BHocwiau XIIK, TIMO u
Mn, KOTOpbIe IPEBHIIANA YCTaHOBJIEHHBIE HOPMATHUBHI
B ~8/~9, ~5/~6 u 10,5/3,5 pa3 mus o3. Caiicapsl/
03. CepreysAx, COOTBETCTBEHHO. Boma o6oux o3ep 1o
CoZlepXKaHUI0 OPraHNYECKUX BEIIECTB COOTBETCTBOBAIA
YCJIOBHO BBICOKOMY YPOBHIO 3arpsi3HEHHOCTH, KOTO-
PBIIi, B OTCYTCTBUM yKa3aHUN B HOPMAaTHBHEBIX [IOKY-
MEHTaX PacCYMTAH aHAJIOTUYHO KPAaTHOCTHU TPEBHIIIe-
Huti [1JIK mo noka3zartento BITKS (P/] 52.24.643-2002)
(cm. mpumeuanus k Tabmmre 2). ITo koHIIEHTpauy Mn
Bojga 03. Caticapsl COOTBETCTBAjIa BBICOKOMY YPOBHIO
3arpsA3HEeHHOCTHU, a BoAa o03. Cepreisix — cpegHEMY
YPOBHIO 3arpsA3HEHHOCTH. Y POBEHb 3arPsI3HEHHOCTH T10
OCTaJIBHBIM KOMITOHEHTAM ObLIT HU3KUM WUJTA OTCYTCTBO-
Bas (Tabiuma 2). Takum o6pa3zom, IJIA X035 UCTBEHHO
MUTHEBBIX U KyJIbTYPHO-OBITOBBIX II€JIEN KCIOJIh30Ba-
HUE BOJBI 03€eP ABJIAJIOCh HauboJiee OmacHBIM TI0 Colep-
KaHUI0 OPraHUYEeCKUX BEIIeCTB, HapsAay ¢ Mn.
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3.7. Mukpo6uonoruueckue
XapaKTepUCTUKH

OUM B 03. Caticaps Obuta 14,6 X 10° ki1./ M3,
a B 03. Cepremsix 6,4x10° ki./cm®. CornacHo I'OCT
17.1.3.07-82 OUYM sBiAeTcA noKasaTesJeM CaHUTAap-
HOI'O COCTOSIHMA BOAOeMa M YUYUTHIBAeTCA IIPU OlleHKe
ero Tpoduyeckoro craryca. Boga noapasnenserca Ha
mecTh KjiaccoB kaudectBa: OUM menee 0,5% 10° ki1./
cm® — I (oueHs umcras), OUM 0,5-1,0x10° xi./
cv® — II (umcrasn), OUM = 1,1-3,0xX10° xi1./cm® — III
(ymepeHHoO 3arpsizHeHHas), OUM = 3,1-5,0 X 10® ki1./
cMm® — IV (3arpssHenHas), OUM = 5,1-10,0 x 10° ki./
cMm® — V (rpsasHas), OUM Goutee 10,0 X 10° ki1./cm® — VI
(ouens rpsaszHasa (I'OCT 17.1.3.07-82). Takum ob6pa3om,
CTeNeHb 3arpsA3HEHHOCTU BOJBI IO mokasareno OYM
B o3epax Cepresax u Caiicapsl cooTBeTcTBYeT V 1 VI
KJjlaccaMm KadecTBa.

HawuboJsb1ias 4ricjieHHOCTD aJIJIOXTOHHOM MUKPO-
(10pHI, IPUBHECEHHOV B BOJOEM, U OIEHUBAeMOU IO
nokasaresro OMY37, 6su1a B 03. Cepresrax — 447 KOE /
cm®. B 03. Caticapst OMY37 6puta Ha OpALOK Hioxe (33
KOE / cm®). UncneHHOCTh aBTOXTOHHOU MUKPO(IIOPH!
B 03. Cepresisix (OMUY22 = 14 080 KOE / cm®) Takxe
OblIa 3HAUYMUTEIbHO BhIIIe, YeM B 03. Caticapsl (OMY22
= 323 KOE / cm?). I1o cooTHomeHuo OMY22 / OMY37
(koapduruent camoouniienusi, KCO) MOXHO OIleHUTH
aKTHUBHOCTb U COCTOSIHHE IIPOILIeCCOB CaMOOYUINeHUA
npupoiHeix BogoemoB (MYK 4.2.1884-04). Ilo nas-
HOMy IlapaMeTpy BoAa O0OUX 03ep COOTBeTCTBYeT
3aBeplIeHHOMY Ipolieccy camoouniienusa (KCO = 4).
HecMoTps Ha 6OJIBIIYI0 YHCIIEHHOCTh OPraHOTPOMHBIX
MHKPOOpPranusMoB B 03. Cepresisax, Ipoliecchl caMoo-
YHUIeHUs1 B HeM IpoTekaau 6osiee nHTeHcuBHO (KCO
= 31,5) o cpaBHeHwuto ¢ 03. Caticapsl (KCO = 9,8).

TeMm He MeHee, HaJIuKe CAHUTAPHO IOKa3aTeJib-
HBIX OaKTepuil CBUJIETEJIbCTBOBAJIO O HeOJIaronpusr-
HOU CaHUTapHO-MUKPOOMOJIOTMYECKON OOCTaHOBKE,
0co0eHHO B 03. Cepressx.

B 03. Caiicaps! Oy OOHapPyXKeHb! SHTePOKOKKU
B KosmuectBe 36 KOE / 100 cm3, 4TO HIXKe HOpMATU-
BOB IIOBEPXHOCTHBIX BOJ, HCIIOJIb3yeMbIX IJI MUTbe-
BOTO U XO3sHCTBEHHO-OBITOBOIO BOJOCHAOXeHHUs, a
Takxke [Jig BOAOCHAOXeHWs MNUIEBHIX IpefupUATUIN
(100 KOE / 100 cm®), ogHako B 3,6 pa3 Bhllle HOpMA-
THBOB [JIf IIOBEPXHOCTHBIX BOJ B 30Hax peKpealuw,
a Takxe BOJ B yepTe HaceJleHHBIX MecT (I Kyma-
HUA U 3aHATUA BoAHBIM croptom) — 10 KOE / 100
cMm® (CanlluH 1.2.3685-21). B 03. Ceprensix comepxa-
HHe SHTEPOKOKKOB OBLIO MOYTU HA MOPANOK Oosblile,
yeMm B 03. Caiicapsl, u coctaBisio 346 KOE / 100 cwm3,
YTO 3HAUMTEJIBHO BBIIIE BCEX MPUHATHIX B Poccuiickomn
depnepanyy HOpMaTHUBOB [1JIs1 HIOBEPXHOCTHBIX BOJ.

B Bogme o3. Caiicaps! ObLJI0 OOHapyxeHO HebOoJIb-
IIoe KoJimuecTBo KuineyHod nagouku E. coli (4 KOE /
100 cm®), KOTOpOe He IPEeBHIIIaI0 HOPMATHUBEI IIOBEPX-
HOCTHBIX BOJ| OJI1 BCeX BHUJIOB BOJI0ONOJIb30BaHusA (100
KOE / 100 cm®) v mpupOoHOI BOJIBI A1l TEXHUYECKOTO
BomocHaOxeHus (10 KOE / 100 cm®). B o03. Cepressx
conepxanue E. coli 610 B 60 pa3 6osiblie, 4eM B 03.
Caticapsl, u coctapysiio 240 KOE / 100 cm®, uto B 2,4
pasa Bblllle OOLIEeNPUHATEIX HOPMATHUBOB AJiA IOBEpPX-
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Ta6suna 2. YpoBHU 3arpsa3HeHHocTH (Y3) U ycJIOBHbBIe MH/IeKCH 3arpsasHeHusa Boa U3B(y) o3. Caticapsl u 03. Ceprejisx mo

rokasaTeJsiaM, focTuratomum u npessimaoonyM [TJK p/x u [TOK x/1_K/6 X0TA GBI B OJHOM U3 03ep

Knace IToxasartesp 03. Caiicapsl 03. Cepreyax
s Ci/ V3.p/x Ci/ V3x/nx/6 | Ci/ V3.p/x Ci/ V3_x/m.x/6
IIOK p/x IMAOK x/m x/6 IIOK p/x IIOK x/m_x/6
3 Mg?* 1,25 H 1,00 H 0,35 HO 0,28 H
HY X HY - 1,19 H HY - 0,37 H
HY Mun HY - 1,03 H HY - 0,28 H
4 NH,* 4,54 C 1,51 H 1,32 H 0,44 H
PO * 1,74 (1) H 0,30 H 0,27 (1) HO 0,05 H
HY XIIK HY - 8,13 @ B® HY - 8,85 @ B®
HY MO HY - 5,54 ® B® HY - 6,06 & B®
3-4* Fe 2,00 H < H 2,50 C < H
3 Mn 105 2B 10,5 B 35 B 3,5 C
3-4* Cu 0,40 HO < HO 1,77 H < HO
3 \% 1,66 H < HO 0,85 HO < HO
2 Br < HO 1,55 H < HO 0,39 HO
N3B(y) W3B(y)_p/x W3B(y)_x/1_x/6 W3B(y)_p/x W3B(y)_x/n_x/6
16,7 3,42 6,01 2,25
I[IpuMeyaHus: Hy — HOpMaTUBBEl HEe YCTAHOBJIEHB; < — [OKa3aTeJslb He B3AT B pacyeT, IIOCKOJIbKY HMXe HOPMaTuBOB AJIA
oboux o3ep.

(1) niia pacueTa MCIOIb30BaH HOPMATUB [ 3BTpOodHEIX 03ep PO 43' = 0,6 mr/om3.

(2) pnsa pacueta ucnosib3oBad HopMmaTus XIIK = 15 mr 0,/ M2 TS BOABI TOBEPXHOCTHBIX BOJOVCTOYHUKOB, UCIIOJIb3YEMBIX
71 LIeHTpaJIn30BaHHOT'0 BOAOCHAOXXeHUsA HacesleHUs, JJIS X03AHCTBEeHHO-OBITOBOTO BOJOIOJIb30BaHMA, MeCT Bofgo3abopa ais
MJ1aBaTeJIbHBIX OacCceHHOB, BOOJIeYeOHMUII.

(3) na pacuera ncnosibzoBad Hopmatue [IMO = 7 mr O, / imM® AJ1si TUThEBO BOABI HELIEHTPAJIM30BAHHOTO BOAOCHAGXKEHUSL.

V3 — ypoBeHb 3arpsA3HeHHOCTH BOABI 10 KpaTHocTy mpesbimenus [TK (PO 52.24.643-2002): H — nuskuii (1-2) ITAK, C -
cpequui [2-10) ITOK; B — Beicokuii [3-5) TIAK muis BemecTtB 1-2 kiaccoB omacHocTH, [10-50) ITOK asa BemecTB 3-4 KJ1accoB
omacHocTty, OB — akcTpemasibHo Boicokuit = 5 ITIK g1 BemectB 1-2 kiaccoB onacHocty, = 50 ITJK g BemecTB 3-4 Kj1accoB
OIACHOCTU, NMPOYEPK «—» HEBO3MOXHO PACCYMTATh Y3 HO MPUYMHE OTCYTCTBUS HOPMATHBA; HO — YPOBEHD 3arpsI3HEHHOCTU HE
omnpepesieH T.K. Huxe ITIK.

(4) — xpuTepuu orpejieJieHus BEICOKOI'0 U 3KCTPEMAaJIbHO BBHICOKOT'O YPOBHEN 3arpsi3HEHHOCTU BOZBI IO Mmoka3zaTesiaM XITK
u IIMO ormpefesieH o aHajoruu ¢ kpaTtHocThio mpeBbimeHus [TJK BITKS: 5-20 ITAK — Beicokuit, >20 ITJK — skcTpeMaabHO
BBICOKHIA.

* - KJIacC OMACHOCTU XMMMUecKux BellecTB corjiacHo (CanlluH 1.2.3685-21) B Bojie NUTHEBOM CHUCTEM I[eHTPaIN30BaHHOIO,
B TOM UICJIe TOpsIYero, U HelleHTPaJIN30BaHHOI'0 BojocHAa0XeHN s, Bojie TOJ3eMHBIX 1 I0BEPXHOCTHBIX BOJIHBIX 0ObEKTOB X035~
CTBEHHO-IIMTHEBOT0 U KyJIbTyPHO-OBITOBOrO BOJOIIOJIb30BaHUSA, BOJE IJIaBaTeJIbHBIX 6acceiiHOB, akBamnapKoB. J{J1si KOMILIEKCHON
OIIeHKU CTelleHU 3arpsA3HeHHOCTU II0BEPXHOCTHBIX BOJI IO FHIPOXUMUYECKUM IIoKa3aTtesisaM kjacc onacHocTu 1id Fe u Cu moHu-
xeH 10 4 (PJ] 52.24.643-2002).

HOCTHBIX BO4 U B 24 pasa BbIIII€ HOpMAaTHBa OJIA IIPpU- 4. 3aknoueHue

POAHBIX BOJ, KOTOpble MOXXHO HCII0JIb30BaTh AJIA TeX-
HMYeCKOro BoAOCHa0XeHus.

TakuMm obpasom, 3a uckiwoyeHunemM OYUM, mno
BCEM HM3MepeHHBIM MUKPOOHUOJIOTMYECKHM XapaKTepH-
ctukaM o3. Cepressax 6bUIO Ha 1-2 mopsfka Xyxe, YeM
03. Caricapel, 4TO, BEPOATHO, CBA3aHO C OTCYTCTBHEM
CeNTUKOB B MHOTOYMCJIEHHBIX Ca[0BO-OrOPOJHNYECKUX
X03AMCTBaX, KOTOpHe BIJIOTHYIO IIPUMEBIKAIOT K Oepe-
ram ozepa (Puc.). B uccnegyemsiii nmepuosi BoAy O3.
CepreJiax HeJib3s ObLJIO UCIIOJIb30BATh AJIA MUTHEBOTO U
X03AMCTBEHHO-OBITOBOTO BOAOCHAOXEH!S, a TaKkKe AJIA
BOJIOCHA0XXeHU NUIIEeBbIX IPeANPUATHH, TEXHUYeCKUX
Y peKpeallOHHEIX 1iesiell. Boma o3. Caticapsl 1o uccie-
JIOBaHHBIM MMKPOOMOJIOTMYECKHMM XapaKTepUCTHUKaM
MorJjia OBITh MCIOJIb30BaHa AJIA yKa3aHHBIX IeJlell 3a
HCKJII0YeHHeM peKpealliOHHBIX.

Bonma xpynHbix o3ep r. flkytcka (03. Caticapsi
u 03. Cepreiisix) B KOHIle mofJjieqHoro nepuoja 2021
I. 10 MHOTUM THAPOXUMHUYECKUM, TeOXUMUYeCKUM U
MHKPOOHOJIOTMYeCKUM XapaKTepuCTHUKaM He COOTBeT-
CTBOBaJIa HOpMaTHBaM KayecTBa, yCTaHOBJIEHHBIM AJIA
BOJIHBIX O0OBEKTOB PHI00X03ANICTBEHHOT' 0, X035CTBEHHO
IIMTHEBOT'0 U KyJIbTyPHO-OBITOBOIO Ha3HaYeHNUs.

KommnekcHas olleHKa kayecTBa BOA 10 TUIPOXU-
MHYEeCKUM U IeOXMMHWYeCKUM IoKa3aTeJsiAM, IOoJIydyeH-
HasA C IIOMOIIbI0 YCJIOBHOI'O MHJeKca 3arpsA3HeHHOCTU
BoJ U3B(y), mokassiBaeT, 4To Bojia 03. Caticapsl Oblia B
TpU pasa Xyxe, ueM Boja 03. CepreJisax 1o priboxo3sii-
CTBEHHBIM HOpMaTuBaMm u B 1,5 pa3a Xye II0 HOpMa-
THBaM [JI1 BOJHBIX O0BbEKTOB X035 CTBEHHO NUTHeBOI0
U KyJIbTYPHO-OBITOBOrO Ha3HAYeHUs.
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HanGonpmnii ypoBeHb 3arpsA3HeHHsA 0OOUX
o3ep ¢ukcupyercsa no Mn (10,5-105 ITAK) u opraHu-
yeckomy BemiecTBy (o 9 I1/IK), 6Gonpinas yacTh KOTO-
poOro, oAHAKO, MMeeT AaBTOXTOHHOE IIPOHCXOXAeHHe.
Bricokue koHIeHTpanuu Mn, ckopee Bcero, o6ycjoB-
JIeHBl Ce30HHBIMU IIPUYMHAMU.

[To 6uorenHslM KoMmnoHeHTaM (a3ot, ¢ocdop)
03. Caiicapsl nonajgaja B KaTeTOPHIO IPA3HBIX U 3BTPO-
(HBIX BOOOEMOB, a 03. Cepresifax B KaTeropuio 3arpss-
HEHHBIX ¥ Me30TPO(HBIX.

OOmee OakTepuajibHOe  3arps3HeHue  03.
Caticapsl Taxxe 6b110 Bhille (VI kjlacc kauecTBa, Karte-
ropus oueHb I'PA3HBIX BOJ), 4eM 03. Cepresiax (V kiacc
KayecTBa, KaTeropus TIps3HBIX BOJ), OJHAKO CcOAep-
XaHUe caHWUTapHoO-mokasaTenbHBIX (E. coli m popna
Enterococcus) u opraHotpodHeix (OMU22, OMU37)
6akTtepuii B 03. CepressAx ObJIO Ha MOPANOK U Oosiee
BhIlIle, 4YeM B 03. Calicaphl, U NpPeBHIIIAJI0 BCe POCCUM-
CKMe HOpMAaTHBhI, yCTaHOBJIEHHBIE /1J1 IOBEPXHOCTHBIX
BOJ.

[TosiyueHHBle pe3yJsbTaThl yKasbIBalOT Ha HeoO-
XOAUMOCTb NpPUHATHAS Mep IO YJIy4IIeHHI0 KayecTBa
BoJ 03. Caricapsl 1 03. CepreJifax, IOCKOJIbKY OHU HaXo-
JATCA B 4YepTe I. fSIKyTcka M HMMelT 0oJibllloe KYJIb-
TypHO-OBITOBOE U peKpealMoHHOe 3HaueHue. O3epo
Caricapbl BXOJUT B CIIMCOK yHUKAJIbHBIX 03€p AKyTuu u
UMeeT CaKpaJIbHYIO0 [IeHHOCTb.

bAaaropapHoOCTH

DTO ucciefoBaHue ObLJIO MPOBEJEHO C UCIOJIb-
3oBaHHeM oOopynoBaHusa lleHTpa 2JIeKTpOHHOH
mukpockonuu u HCII-MC anannsa lleHTpa KOJLIeK-
TUBHOTO II0JIb30BaHUA «YJIbTPaMUKpPOAHAJIN3» IpU
JIuMmHOIOTMYeCKOM HHCTUTYyTe CuOHUpcKoro oTfhe-
neHusa Poccuiickoil akajeMuu HayK. ABTOpHl 6Jiaro-
JapHB 3a noMmoulb B oT6ope npo6 Kombipuny M.U.
Pabota BeINOJIHEHA B paMKax rocyJapCTBeHHBIX 3aja-
Hu No 121032300186-9 (JIMMHOJIOTHYECKUH MHCTU-
TyT Cubupckoro otheneHus Poccuiickoil akageMuu
Hayk) U Ne 121012190038-0 (MucTuTyT OHOJIOrHYeE-
CKUX IIpo0JIeM KPHUOJIUTO30HE CUOMPCKOro OTAesIeHUA
Poccutickoil akageMuu Hayk).

KoHpAUKT UHTEpecoB

ABTOpr HaCTOAIIMM 3asABJIAKOT, 4YTO [JaHHadA
uccisiegoBaTejibCKaAa pa60Ta " BBIITYCK PYKONMCH COOT-
BE€TCTBYIOT 3THYE€CKMM CTaHJapTaM MW HH y KOIro us3
ABTOPOB HET MOTEHMAJIbBHOI'O KOHq)J'II/IKTa HWHTEPECOB.
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