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ABSTRACT. We have presented the results of hydrochemical and hydrobiological investigations per-
formed in the Upper Angara R. basin and at North Baikal tributaries. A 4-fold increase of mineralization
in the Upper Angara R. water from sources to inflow was found out due to income of tributaries waters
with a high mineralization. Compared to previous investigations, we registered enrichment of waters
in the investigated water flows with trace elements. Increase of normative by copper, molybdenum,
iron and manganese was registered in water of some rivers. Determination of microorganisms sanitary
groups showed a trend to improvement of riverine waters quality.
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1. Introduction

The Upper Angara River is the second Lake
Baikal tributary by water content, 438 km long, starts
at Delyun-Uran Ridge and finishes with a delta in the
northern part of the lake. One of main water flows
pollution sources in the Upper Angara R. basin is a
railway branch of Baikal-Amur Mainline (BAM) and
a parallel motor road, within water catchment area
it is >250 km long. In April of 2021, according the
Government Statement No1100-p (http://government.
ru/docs/42120/), activities for BAM widening are ini-
tiated. It is planned within the project to construct the
second branch of the viaduct, this previews extraction
of stones and sand-gravel mixture for dumping, con-
struction of bridges through water flows; all this results
in the increase of anthropogenic charge in the Upper
Angara R. basin (Fig. 1).

Investigations performed by the Limnological
Institute within a budgetary project in 2012 showed a
non-satisfactory water quality in Upper Angara R. and
in its tributaries by microbiological parameters; this
was probably due to the income of household wastes
from the settlements into the rivers. However, during
last 12 years, the population living on the territory of
the Upper Angara R. water catchment basin decreased
practically by 1/3 (Table 1), this fact allows to expect
an improvement of sanitary-microbiological situation
and of water quality in water flows.
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Dangerous toxicants incoming into riverbeds due
to human economic activity are heavy metals (Fe, Cu,
Zn, etc.). One of sources of microcomponents income
into the rivers of North Baikal may be Kholodnaya
deposit of polymetallic ores, which is not exploited at
present and is mothballed. Besides, gold is mined in the
upper reach of tributaries (the Kotera R.). Investigations
performed in 2012 showed MPC exceed of copper in
waters of the Upper Angara and Rel’ Rivers, in the
Kholodnaya and Tyya Rivers waters microelements
concentrations were inconsiderable and did not exceed
maximal permissible concentrations for water body of
fishery importance (Order of Ministry of Agriculture...,
2016).

Table 1. Abundance of population (humans) inhabiting
the territory of the Upper Angara River water catchment basin
(https://ru.wikipedia.org/wiki/CeBepo-BalikaJbCKUil palioH)

Settlement 2012 2024

Novy Uoyan uts 3835 2660
Kichera uts 1321 851
Angoya settl. 662 524
Verkhnyaya Zaimka settl. 618 478
Kumora settl. 536 391
Yanchukan uts 362 230
Uoyan settl. 325 274

Total 7659 5408
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One more source impacting not only dynamics of
northern rivers water outflow but also chemicals con-
tent in tributaries water is melting-out of ice in degrad-
ing permafrost rocks (Tomberg et al., 2024). This result
in income of large amount of terrigenous material
enriched with organic matter into river beds (Fig. 2).

All these factors suggest the necessity to perform
regular investigations for water quality assessment both
in the Upper Angara R. basin and in water catchment
basins of other North Baikal tributaries.

The aim of the investigation was to analyze
modern chemical composition of waters in the Upper
Angara River and in its tributaries, to investigate abun-
dance, biomass and species diversity of phyto-and bac-
terioplankton, to assess waters quality by chemical and
microbiological parameters.

2. Materials and methods

In July of 2024, water was sampled from the
Upper Angara R. on three sites along the river: U.A.1
— river upper reach, ca. in 350 km from the mouth;
U.A.2 — middle part of the river near Novy Uoyan uts,
ca. in 130 from the mouth; U.A.3 — a mouth area near

Bol’'shaya Zaimka settl., ca. 18 km from the mouth.
We also sampled for the investigation water from five
tributaries of the Upper Angara River — the Angarakan,
Yanchukan, Yanchuy, Gonkuli and Kotera. Besides, we
took samples in mouth sites of Lake Baikal tributaries —
the Kichera, Kholodnaya, Tyya and Rel’ Rivers (Fig. 3).
Investigations of July, 2012 were performed in a sim-
ilar way and allowed not only to determine chemical
and biological parameters in riverine water supplying
into Lake Baikal up to 20% of water but also to com-
pare actual data with ones obtained 12 years ago.
Water chemical composition was determined
by methods approved for freshwater hydrochemistry
(Baram et al., 1999; Guide..., 2009). Total nitrogen,
phosphorus and organic matter content was deter-
mined in non-filtered samples, for major ions and bio-
genic elements determination the samples were filtered
through membrane filters with pores diameter of 0.45
um. Biogenic elements concentrations were measured
using a spectrophotometer UNICO-2100 (USA): nitrites
with Griess reagent, nitrates — with sodium salicylate,
ammonia-nitrogen — by indophenol method, phos-
phates — by Denije-Atkins method with tin chloride as
reducing agent. To determine silicic acid, we used a

Fig.2. Melting-out of permafrost in the bed of the Upper Angara R. (area of Verkhnyaya Zaimka settl.) at low water content

of the river, October of 2015.
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Fig.3. Sampling scheme, July of 2024. Stations: 1 — the Upper Angara R. below the inflow of the Angarakan R. (U.A.1), 2 —
the Angarakan R., 3 — the Yanchukan R., 4 — the Yanchuy R., 5 — the Gonkuli R., 6 — the Upper Angara R. below Novy Uoyan uts
(U.A.2), 7 - the Kotera R., 8 — the Upper Angara R. Verkhnyaya Zaimka settl. (U.A.3), 9 — the Kichera R., 10 — the Kholodnaya

R., 11 — the Tyya R., 12 — the Rel’ R.

spectrophotometric method based on measurement of
staining intensity of yellow silica-molybdenous hetero-
polyacid. Total phosphorus and nitrogen content were
determined using a high-temperature persulfate acid-
ification with subsequent measurement in a spectro-
photometer. Concentrations of such ions as HCO,, Cl,
SO,> were determined using high performance liquid
chromatography method with indirect UV-detection.
The method is based on separation of anions on a col-
umn with reversed phase modified dynamically with
octadeciltrimetylammonium bromide. Contents of
ions of Ca?* and Mg?* were determined by absorption
method based on measurement of resonance absorption
of light with free atoms of calcium and magnesium.
Concentrations of Na* and K* were measured by flame
emission method. This method is based on measurement
of absolute radiation intensity of sodium and potassium
atoms at their excitation in flame acetylene-air.

Microelemental composition of rivers was deter-
mined using a quadrupole mass-spectrometer Agilent
7500ce. Samples and determination error were done by
methods described in papers by Chebykin E.P. (2012)
and Aries S. (2000).

To determine phytoplankton, water samples 1 L)
were fixed with Lugol’s solution and concentrated by
precipitation. Algae were counted on watch glace put-
ting there a drop of a sample 0.1 cm?. A drop was cov-
ered with a cover glass with small wax legs, a watch
glass was handled on a microscope stage (Kozhova and
Mel’'nik, 1978; Popovskaya, 1991). The calculation was
done twice on a light microscope Amplival (Germany)
with magnifying X800 and Xx2000. Biomass was
determined taking into account volume of separate
cells (Belykh et al., 2011; Kozhova and Mel’nik, 1978).

Riverine waters for microbiological investigation
were sampled according to GOST 31942-2012 and ana-
lyzed according to MG 4.2.3963-23.

3. Results and discussion
3.1. Hydrochemistry

The Figure 4 presents change in content of some
chemical components along the Upper Angara R. and
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in its tributaries in July of 2012 and 2024. During both
years, investigation on the rivers were done under
low water conditions, however, high air temperatures
in June-July of 2024 resulted in higher (1.5-2 times
higher) riverine water temperature values. In tribu-
taries water temperature varied from 10.5 to 21°C, in
the Upper Angara R. it increased from upper reach to
mouth from 12 to 24°C. Despite a high temperature
in July of 2024, dissolved oxygen content in reverine
waters remained rather high — 8.2-13.0 mg/L. Water
saturation with oxygen of major part of water flows,
like in July of 2012, was close to 100%, and in the
Angarakan and Kotera Rivers it increased up to 128 and
145 % sat., respectively (Fig. 4).

Ions sum in tributaries water in July of 2024
widely varied — from 23 mg/L in the Angarakan R. to
177 mg/L in the Gonkuli R. It is to notice that com-
pared to 2012, ion contents in rivers water was higher
(see Fig. 4). If in the Gonkuli R. this exceeding is insig-
nificant (ca. 10%), in the Yanchuy and Kotera RR.
Summary ions content in 2024 increased one of 2012
more than twice. Water mineralization in the Upper
Angara R. water increased from the source to the
mouth due to income of waters from more mineralized
tributaries, and in 2024 summary ions content varied
from 17.6 to 72.5 mg/L. These values are also higher
than ones observed in 2012, especially in middle part
of the river (U.A.2), where the exceeding is divisible
by 2. By ions content, waters of all investigated rivers
are hydrocarbonate ones (>40% in ion composition) of
calcium group (>30%) and have a close relative com-
position (Fig. 5).

Silicon content on the studied site of the Upper
Angara River remained rather stable varying within
2.90-3.10 mg/L. BIn waters of the Upper Angara River
tributaries, concentrations of this component varied
from 1.49 mg/L in the Gonkuli R. to 4.04 mg/L in the
Yanchukan R. Like major ions concentrations, silicon
content in rivers water in 2024 is slightly higher than
one observed in 2012, except the Gonkuli R., where
concentrations this year are a little lower than 12
years ago. Phosphate phosphorus concentrations in
the Upper Angara River waters were close to ones in



Tomberg I.V. et al. / Limnology and Freshwater Biology 2025 (4): 919-936

SI: “The VIII-th Vereshchagin Baikal Conference”

oC Temperature RESitiiE 0, mg/L Sum of ions
30 200 200
25
150 150
20
15 100 100
10
50 50
5
0 Y ]
TSR S S S A S TR SIS SR S
W AP NCYI N T QRN N & T E S ST PO
& > & & o° & & &> & S I
S & F e & & Sl S N
L © LG
mg/L Si ug/L P'PO43 mg/l. N-NO;
5 10 0.2
a 8 0.15
3 " 0.1
2 4
4 3 0.05
0 0 0
SIS LR QTSR SR S SR, A S & & & & D
%@(‘ \)Y"SQO é&*&_\)\\ \)?o @g’b QY" %e'ﬁ o."’ séb(\ 6‘0*6*‘&\ QY'@('D 0?' @l_z(‘ 3 \;@(‘(\&s)* (:‘_&\ \5;‘9@0 N
o Y © 2 & & © > F& &E
& F A «¥ & X & &
-~ [@Em2012r. - [@m2024r.

Fig.4. Water temperature and chemicals content in the waters of the Upper Angara R. (line) and of its tributaries (bars), July

of 2012 and 2024.

2012 and varied decreasing towards the mouth from
4 to 2 pg/L. In the tributaries the content of this com-
ponent varied from 1 to 8 pug/L and exceeded the val-
ues obtained in 2012 in the Yanchuy R. 3 times, in the
Gonkuli and Kotera RR. 2.5 times. Mineral nitrogen in
the water of the investigated rivers is presented mainly
as nitrate. Concentrations of N-NO, in tributaries water
varied from 0.03 to 0.14 mg/L, in the Upper Angara R.
they did not exceed 0.08 mg/L. These values are close
to ones obtained in July 2012 (Fig. 4) Nitrite nitrogen
in the rivers was registered in trace amounts (<0.001
mg/L), ammonia nitrogen concentrations in the Upper
Angara R.water did not exceed 0.06 mg/L, in the tribu-
taries its content was higher: The Yanchukan R. - 0.008
mg/L, the Yanchuy R. — 0.020 mg/L, the Gonkuli R.
- 0.012 mg/L, the Kotera R. — 0.011 mg/L. Table 2
presents water chemical composition from investigated
Lake Baikal tributaries. Data analysis showed that
components concentrations are comparable with ones
obtained for the Upper Angara R. and its tributaries,
relative ion composition is also close (Fig. 5). Minimal
ions concentrations we registered in the water of the

Rel’ R.
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The Figure 6 presents data on total content (min-
eral form + organic one) of nitrogen and phosphorus in
water of investigated tributaries. Mainly concentrations
of N, in riverine water during investigation period did
not exceed 0.2 mg/L, this characterizes waters of these
tributaries as “maximally clean” (Oxiyuk et al., 1993).
Waters in the Gonkuli and Kichera Rivers, where con-
centrations of N were 0.34 and 0.39 mg/L, respec-
tively, are in the class “clean”. By content of P_, cat-
egory “maximally clean” (<5 pg/L) in July of 2024
concerned waters in such rivers as Angarakan, Upper
Angara in upper and middle stream (U.A.1 and U.A.2)
and Rel’. Waters of other Upper Angara River tributaries
and of its mouth site (U.A.3) as well as the Kichera and
Kholodnaya Rivers ones by phosphorus content belong
to “clean” ones (<50 pg/L). Maximal concentrations
of this component were registered in water of the Tyya
R. (52 pg/L), it means a “satisfactory” cleanness class.

According to Roshydromet, the unsatisfactory
quality of the waters of the Upper Angara River is also
recorded by the content of other standardized compo-
nents. Thus, in 2022, at the site near the Verkhnyaya
Zaimka setl., the concentrations of volatile phenols in
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Fig.5. Relative ion composition of riverine waters, July of 2024.
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Table 2. Temperature and chemicals content in the waters of Lake Baikal tributaries, July of 2024.

T 0, |Ions suml Si | N-NO, | N-NO, | N-NH, P-PO,
Water flows
°C mg/L ng/L
Kichera R. 18.8 9.36 31.2 2.58 0.001 0.11 0.008 7
Kholodnaya R. 13 9.73 59.1 2.16 <0.001 0.03 <0.005 <1
TyyaR. 16.4 9.01 69.1 2.38 <0.001 0.08 <0.005 1
Rel’ R. 16.1 9.51 11.4 2.07 <0.001 0.12 <0.005 1

the water rose to 0.002 mg/L (2 MAC), organic sub- mg/L a
stances according to COD up to 31.6 mg/L (2.1 MACQ), 0.4 -
oil products up to 0.08 mg/L (1.6 MAC). Pollution of 0.3 -
river waters with iron compounds- 0.41 mg/L (4.1 0.2 4
MAC), copper — 21.7 pg /L (21.7 MAC) and zinc - 20.5 04 - = ‘
ug /L (2.1 MAC) was also noted. (State report «On the i LQ Q E
state of Lake Baikal...», 2023). Roshydromet character- ’ b
ized water quality of the Upper Angara River in 2022 ugL
as «very polluted». gg ]

40
3.2. Trace elements gg ]

10 -

High contents of Li, Al, Fe, Mn, Ba, Sr, Zn, Mo o= B o= . o WL

W, U are found for all rivers. Such elements as Mn, Fe,
Al are mobile in permafrost taiga landscapes, a large
amount of them incomes with background non-pol-
luted riverine waters. Degree of Fe accumulation can
exceed normative for fishery water bodies (Koshovsky
et al., 2019). Trace elements distribution profile is pre-
sented in the Figure 7.

Cluster analysis method (software STATISTICA)
revealed two groups of rivers with similar distribution
of trace element in them characterizing rocks composi-
tion in water catchment basin and rivers supply sources
(Fig. 8). The first group includes such rivers as Upper
Angara 1, Upper Angara 3 (Verkhnyaya Zaimka) and
Kotera, as well as Kholodnaya and Tyya. The second
one includes the Kichera and Upper Angara (mid-
dle current) Rivers and the latter’s tributaries — the
Angarakan, Yanchukan, Yanchuy RR. The Gonkuli and
Rel’ Rivers were not included to any group. This may
be due to the fact that the former is enriched with such
mobile elements as Sr, Ba and U. The latter is the least
mineralized among all rivers (due to small water catch-
ment area and atmospheric supply) and is character-
ized by high contents of rare Earth elements, tungsten
and thorium incoming into the river mainly as clastic
material.
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Fig.6. Total content of nitrogen (a) and phosphorus (b) in
riverine waters, July of 2024.

The rivers in Severobaikal’sk Province of Buryat
Republic are very impacted anthropogenically due to
construction of a railway branch of BAM. Compared to
2012, major part of rivers manifests enrichment with
some trace elements (Li, Be, B, Al, Ti, Co, Ni, Cu, Zn, Se,
Sr, Mo, Cd, Sb, W, Pb, Th, U). There is exceeding of fish-
ery normative by manganese, iron, copper and molyb-
denum (Fig. 9) (Order of Ministry of Agriculture...,
2016). In July of 2012, MPC exceed by copper was reg-
istered in water of the Kotera R., by molybdenum in the
Upper Angara R. mouth, in the Kichera and Rel’ RR., by
manganese in the Gonkuli R. water.

Angarakan R. Yanchukan R. ——Yanchuy R.
——Kholodnaya R. —Rel’ R. —TyyaR.

Fig.7. Trace elements content in river water, July of 2024.
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3.3. Phytoplankton

The investigations showed that in July of 2024
phytoplankton biomass and abundance in the upper
reach of the Upper Angara River (U.A.1) in its tributar-
ies remained rather low (Fig. 10). Minimal values were
observed in the Kotera R. Where algae biomass did not
exceed 4.8 mg/m?®, and abundance - 2.8 thous. cells/L.
Samples from this river show a high content of min-
eral suspended matter, this results probably from gold
mining on the tributaries of this river; probably, a high
turbidity limits phytoplankton development.

Along the Upper Angara River, from upper reach
to mouth, quantitative parameters of algae increase:
minimal values of phytoplankton abundance and bio-
mass were found in the river upper reach (U.A.1) - 12.3
thous.cells./L. and 9.8 mg/m?, respectively; maximal
ones were registered on mouth site (U.A.3) where phy-
toplankton abundance exceeded 4 mln cells/L, and bio-
mass 1 g/m?3,

The Table 3 presents data on phytoplankton bio-
mass and abundance in water of tributaries incoming
into Lake Baikal northern basin. The values are compa-
rable to ones obtained in waters of the Upper Angara
River (except near-mouth site) and in its tributaries.

Algae species diversity on upper and middle
sites of the Upper Angara River was considerably lower
(16 and 17 taxa) than on mouth site (69 taxa). Among
the species in the river (U.A.1-U.A.2-U.A.3), green
(2-4-25) and diatom (8-10-20) algae dominated. By
biomass, dominant unit included diatom (42.5-46.3-
63.2%), cryptophyte (3.8-39.0-30.9%) and blue-green
(51.0-7.3-1.1%) algae. (Fig. 11). In waters of the

Table 3. Biomass (mg/m?) and abundance (thous.cells/L)
of phytoplankton in Lake Baikal tributaries, July of 2024

Water flows Biomass Abundance

Kichera R. 44.5 18.8

Kholodnaya R. 5.9 3.6

TyyaR. 44.7 39.9

Rel’ R. 3.7 1.6

Tree Diagrambor 12Cases
Ward's method
Eudidean dstances
U.A.1l
Kholodnaya R.
Tyya R.
U.A3
Kotera R.
U.A2
Kichera R.
Angarakan R.
Yanchukan R.
Yanchuy R.
Gonkuli R.
Rel’ R.
0 B " 15 ) =

Linkag e Distance

Fig.8. The results of cluster analysis of rivers distribution
by their trace element composition.
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Fig.9. Content of copper and molybdenum (a), iron and manganese (b) in riverine water, July of 2024.
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Fig.10. Biomass (mg/m?) and abundance (thous.cells/L) of phytoplankton in the Upper Angara R. and in its tributaries, July

of 2024.

Upper Angara River diatoms were dominated by spe-
cies of the genera Stephanodiscus, Synedra, Cyclotella,
Tabellaria, Aulacoseira, cryptophytes — by Rhodomonas
pusilla, Cryptomonas sp.1, blue-green algae were pre-
sented by Oscillatoria and Phormidium.

Waters of such tributaries as Yanchukan,
Yanchuy, Gonkuly and Kichera phytoplankton included
dinophyte algae (30-70%) represented by Gyrodinium
helveticum. The Kichera and Tyya Rivers contained
green algae — up to 25% of total phytoplankton com-
position (Fig. 11).

3.4. Microbiology

Investigations of microorganisms groups in the
Upper Angara R. and in its tributaries showed that the
abundance of organotrophic bacteria in most cases in
July of 2024 was lower than in 2012, and counted in
average 564 and 645 CFU/cm?, respectively (Table 4).
Values of total microbial count (TMC) in 2024 were by
one order of magnitude lower than in 2012.

Determination of sanitary groups of microorgan-
isms in water of investigated rivers showed that in 2012
and 2024 major part of collected samples did not meet
standards. Samples of U.A.3 in 2012 and U.A.2 in 2024
met normatives by all parameters. Eleven samples of
fourteen ones had exceed in enterococci abundance, at
normative value up to 10 CFU/100 c¢m? it varied from
15 to 120 CFU/100 cm?. In 2024, in waters of all inves-
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tigated water flows, values of E. coli did not exceed
normative. In 2012, the value of this parameter >100
CFU/100 cm? occurred in the Gonkuli R. (243 CFU/100
cm?). In 2024, the abundance of coliform bacteria (CB)
exceeded the normative (500 CFU/100 cm?) in waters
of the Gonkuli R. — 900 CFU/100 cm?, in the Kotera
R. - 744 CFU/100 cm? and on mouth site of the Upper
Angara R. (U.A.3) — 1640 CFU/100 cm?.

High microorganisms abundance exceeding per-
missible by normatives of Sanitary rules and norma-
tives was observed in the Gonkuli R. in 2012 (E. coli by
2.4 times, enterococci by 1.8 time) and 2024 (CB - 1.8
time and enterococci — 4.3 times), and in lower stream
of the Upper Angara R., in 2024, one registered exceed
of CB by 3.3 times, enterococci — by 4.2 times.

Microbiological investigations of the Kichera,
Kholodnaya, Rel’ and Tyya Rivers showed a high abun-
dance of organotrophic bacteria in the Kichera and Tyya
RR. Difference between years are insignificant (Fig. 12).
TMC in riverine waters in 2024 is by one order of mag-
nitude lower that in 2012, except the Kichera R., where
the abundance differed insignificantly and counted 112
and 182 CFU/cm?, respectively. There were insignifi-
cant exceedings of normatives by content of microor-
ganisms of sanitary-indicatory groups in 2024 in waters
of the Kichera R. (enterococci — 14 CFU/100 c¢m?®) and
of the Tyya R. (CB — 518 CFU/100 cm?).

SN

43’@
Q./
Y-
f1Cyanophyta M Chrysophyta [ Cryptophyta ] Dinophyta
@ Bacillariophyta [ Chlorophyta M Euglenophyta W Xanthophyta

Fig.11. Relative composition (by biomass) of phytoplankton in riverine water, July of 2024.
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Table 4. Microorganisms abundance in the water of the Upper Angara R. and of its tributaries in July of 2012 and 2024

Water flow CB, Organotrophs, TMC, CFU/cm?® E. coli, CFU/100 Enterococci,
CFU/100 cm?® CFU/cm?® cm?® CFU/100 cm?®
2024 2012 2024 2012 2024 2012 2024 2012 2024

Angarakan R. 208 - 260 - 26 - 0 - 15

U.A.1 476 650 365 420 42 28 0 30 16

Yanchukan R. 172 - 224 - 26 - 0 - 31

Yanchuy R. 416 860 473 600 20 22 0 120 17

Gonkuli R. 900 472 682 234 44 243 72 18 43
U.A.2 434 960 260 288 22 18 10 30
Kotera R. 744 591 395 372 22 15 0 40

U.A.3 1640 338 1209 136 40 11 60 0 42

Normative* Max. 500 Max. 100 Max. 10

Note: * — Sanitary Rules & Normatives 1.2.3685-21

4. Conclusions

Studies in July of 2024 showed the following:
Waters in the Upper Angara R. and in the investi-
gated tributaries have a similar relative ion compo-
sition and are related to hydrocarbonate-calcium
ones. Water mineralization in the Upper Angara R.
increased in July from upper stream to mouth by 4
times due to income of more mineralized tributar-
ies. Compared to July of 2012, there was a consid-
erable increase of content of major ions in water of
some tributaries (Yanchuy, Kotera) and in middle
current of the Upper Angara River. Here summary
content of ions increased by 2 times.

By content of nitrogen and phosphorus combina-
tions, water quality in the studied water flows is
mainly characterized as “maximally clean” and
“clean” ones. Only waters of the Tyya R. in lower
stream by content of P were classified as “mod-
erately clean”.

Compared to July of 2012, enrichment with some
trace elements (Li, Be, B, Al, Ti, Co, Ni, Cu, Zn, Se,
Sr, Mo, Cd, Sb, W, Pb, Th, U) was noticed for major-
ity of investigated rivers. Exceeding of some nor-
matives was found out: by copper (the Yanchuy R.

CFU/100 cm?
150 -

100 {8

@ KicheraR. @ KholodnayaR. @ TyyaR. @ Rel’R. &

and mouth site of the Upper Angara R), by molyb-
denum (at all stations of the Upper Angara River,
in the Angarakan, Yanchukan, Yanchuy, Kichera
and Rel’ RR.), by iron (the Yanchuy, Gonkuli RR.,
middle and lower current of the Upper Angara R.)
and by manganese (the Yanchuy, Gonkuli, Kichera
RR.).

Phytoplankton abundance and biomass in the inves-
tigated water flows are insignificant and mainly
did not exceed values for oligotrophic water bod-
ies. An exception is lower part of the Upper Angara
R. in the area of Verkhnyaya Zaimka settl. where
phytoplankton abundance and biomass reached
values characteristic for mesotrophic water bodies.

Total microbial count in waters of the investigated
water flows decreased by one order of magnitude
compared to 2012 and was in average 30 CFU/cm?®.
Determination of microorganisms sanitary groups
showed as well a trend to water quality improve-
ment. In 2024, there is no exceeding of normative
of abundance of E. coli with minimal values equal
to zero. The abundance of bacteria of the genus
Enterococcus exceeded permissible values in some
rivers, however, it was mainly lower than in July
of 2012.

TMC

Organotrophs

not found

Fig.12. Microorganisms abundance in tributaries water in July of 2012 and 2024.
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Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»
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Tomb6epr U.B.*", Crenanosa O.I'.", Bopo6sesa C.C.", CycioBa M.IO.

JIumHostoeuneckuti uHcmumym Cubupckozo omdesteHua PAH, yn. Ynan-Bamopckas, 3, Hpkymck, 664033, Poccua

AHHOTALIUA. ITpeacraBiieHbl pe3yJIbTaThl THAPOXUMUYECKUX U THAPOOHOJIOTUYECKUX UCCIeOBaHU,
IIPOBOJUMEIX B O6acceliHe p. BepxHsasa AHrapa u Ha nputokax CeBepHoro baiikana. OTMeueHo 4-X Kpart-
HOE yBeJMYeHHe MUHepaau3anuy BoAabl p. B. AHrapa OT HMCTOKOB K yCTBIO B pe3yJibTaTe MOCTYILIe-
HUA BOJ IPUTOKOB C BBICOKOM MuHepaimzanuei. 1o cpaBHEHUIO ¢ MpeablAyIIUMU HCCIeH0BaHUAMU
3aperucTpupoBaHO oboramieHre BoJ NCCIeOBAHHBIX BOJOTOKOB MUKpoaJieMeHTaMu. [Ipu aToM B Bozie
OTJIeJIbHBIX PeK 3aUKCHUPOBAHO IIPEBHIIIeHNEe HOPMAaTUBOB 110 MeW, MOJINOAEeHY, KeJie3y 1 MapraHiyy.
OnpefesieHre CAHUTAapHBIX I'PYII MUKPOOPTraHU3MOB II0OKA3aJI0 TPEHI Ha yJIy4llieHre KaueCTBa PEYHBIX

BOJI.

Kitiouegwie ciioga: BepxHsasa AHrapa u IpuTOKH, MOHHBIHN COCTaB, OMOreHHbIE 3JIeMeHThl, MUKPOKOMIIOHEHTHI,
(pUTOIIAaHKTOH, CAHUTapHO-TII0OKa3aTeJIbHble MUKPOOPTraHU3MBbI

s mutupoBaHusAa: Tombepr U.B., CrenanoBa O.T., Bopo6seBa C.C., CycioBa M.IO. 'mapoxumuueckde U ruapoOHoJioruye-
CKUe ucciaefnoBaHuA p. BepxHsasa AHrapa u ee nputokoB // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 919-936.

DOI: 10.31951/2658-3518-2025-A-4-919

1. Beeapenue

Pexa BepxHssg AHrapa — BTOpPON IO BOJHOCTHU
NpUTOK o3epa bBarikas, anuHoN 438 kM, 6epeT Hayaao
Ha [lesioH-YpaHCKOM XpebTe 1 OKaHYUBAETCs AeJIbTOMU
B ceBepHOIl yacTu o3epa. OJHUM M3 OCHOBHBIX UCTOUY-
HUKOB 3arpsi3HeHUsA BOJIOTOKOB B OacceliHe B. AHrapsl
ABJIAIOTCA ~ KeJIeBHOLOpOXHasA  BeTka  baiikaso-
Amypckoii maructpanu (BAM) u ayGiupylomas ee
aBTOJIOpOra, AJIMHA KOTOPHIX B Ilepefiesiax Bogocbopa
cocrasJisgeT 6oJiee 250 kM. B anpesie 2021 r. pacnops-
xxeHreM mpaButesbeTBa Ne 1100-p (http://government.
ru/docs/42120/) UHUITMUPOBAHBI PAaGOTHI IO pacIIMpe-
HUoO BAM. B pamKkax nmpoekTa 3aIlJaHUpPOBaHO CTpPOU-
TeJIbCTBO BTOPOM BeTKH IIyTeIPOBOJA, YTO IpedycMa-
TpuBaeT A0ObIYYy KaMHsS U MecYaHO-IPaBUMHON cMmecu
JUI1 OTCHINIKU IOJIOTHA, CTPOUTEJIbCTBO MOCTOB uepe3
BOJIOTOKH, BCe 3TO BeleT K yBeJINYeHUI0 aHTPOIOreH-
HOU Harpy3ku B Oacceline B. Anraps (Puc. 1).

Hccnenosanus, nposogrMble JIMMHOJIOTMYECKUM
WHCTUTYTOM B paMKax Ol KeTHOro npoekra B 2012 r.,
[oKa3aji HeyJOBJIeTBOPUTEJIbHOe KaueCTBO BOAHI P.
B. AHrapa u NpuTOKOB 10 MUKPOOMOJIOTMYECKUM MOKa-
3aTeJiAM, YTO BEPOATHO O0YCJIOBJIEHO NOCTYIJIEHHEM B
PYCJIO peK XO35HCTBEHHO-OBITOBBIX CTOKOB IOCEJIKOB.
OpgHako, 3a rnocjiegHue 12 jieT 4ucJIeHHOCTh Hacejie-
HUA, NPOXMBAIOLIEro Ha TEeppUTOPUU BOAOCOOPHOIO

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: kaktus@lin.irk.ru (1.B. TomGepr)

IHocmynwna: 25 vtosna 2025; IIpunama: 15 asrycra 2025;
Ony6tukoadana online: 31 aprycra 2025

928

OacceiiHa p. B. AHrapa cHu3nIach NpakTA4YeCcKU Ha
TpeTh (Tabnuua 1), yTo MO3BOJIAET OXUAATH yJIydllle-
HUA CaHUTapHO-MMKPOOMOJIOTMYECKON CHUTyaluud u
MOBBIIIEHHI0 KauyecTBa BOABI B BOJOTOKAX.

K onacHbIM TOKCHKaHTaM, IONaJA0MM B pycia
peK B pe3yJibTaTe XO3ANCTBEHHO! JeATeJIbHOCTH YeJsio-
BeKka oTHocsATcA Tsxessle MeTaswsl (Fe, Cu, Zn u npy-
rue). OQHUM U3 MCTOYHHUKOB MOCTYIJIEHNUS MUKPOKOM-
IIOHEHTOB B peku CeBepHOro balikasa MOXeT ABJIATbCA
X0JIOMHUHCKOE MeCTOpPOXJeHHe MOJMMeTaJINYeCKuX
pyAd, KOTOopoe B HacTosllee BpeMsA He 3KCILTyaTUpy-

Ta6sauna 1. YncieHHOCTh HaceseHUA (4eJl.) IPOXXHBalo-
iero Ha TeppyuTopuM BojocbopHOro Hacceiina p. B. AHrapa
(https://ru.wikipedia.org/wiki/CeBepo-BalikajJbCKUil paioH)

HaceJieHHBIH IYHKT 2012r. 2024 r.
nrt. HoBeill Yosn 3835 2660
nrr. Kuuepa 1321 851
noc. AHros 662 524
c. Bepxuaa 3aumka 618 478
noc. Kymopa 536 391
nrT. AH4yKaH 362 230
noc. YosiH 325 274
Bcero 7659 5408

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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Puc.1. CTpouteasCcTBO

ercsi M HaxoJUTCA B 3aKOHCEpPBUPOBAaHHOM COCTOS-
Huu. Kpome Toro, B BepxoBbsix npuTokoB (p. Korepa)
BefleTcs AoObva 30s10Ta. MccienoBanus, IpoOBOANMELE
B 2012 r. nokaszanu npessimeHue I111K no meau B Bose
pek B. Anrapa u Penb, B Bofe pek XonogHad u ToiA
KOHIIEHTpaI[iil MHKPO3JIeMEeHTOB ObLIM He3HAUUTeJIb-
HbIe 1 He IIpeBhllllaal HOpMaTUBHI ITpeJieJIbHO AOIyCTH-
MBIX KOHIIEHTpaIu{ AJi BOLOEMOB pPBHIO0X03ANCTBEH-
Horo HaszHaueHus ([Ipuka3z MwuHHUCTepCTBa CeJIBCKOTO
XO03AHCTBA..., 2016).

Eme ouH NCTOYHUK, OKa3bIBAIONINI] BJIMAHNIE He
TOJIBKO Ha IMHAMUKY BOJAHOT'O CTOKA CEBEPHBIX peK, HO
U Ha cojepXaHUe XMMHYeCKHX KOMIIOHEHTOB B BOJie
IIPUTOKOB 3TO BHITauUBaHuUe JibJa B Jerpagupyomux
MHoOroJieTHeMep3Jibix nopofax (Tombepr u ap., 2024).
IIpu aTOM B pycJi0O pek nocrynaer 0oJibIlIoe KOJnye-
CTBO OOOTraméHHOr0 OPraHUKON TEPPUTreHHOTO Mare-
puana (Puc. 2).

COBOKYITHOCTb 3TUX (AaKTOPOB 0O0YCJIOBJIMBaET
HeoOXOAMMOCTb IIpOBe[eHUs PperyjaApHBIX HCCIle-
JOBAaHUI MO OIleHKe KayecTBa BOJbI, Kak B OacceriHe
B. Anrapel, Tak U Ha BogocOOpax [pPYTHUX IPUTOKOB
CesepHoro baiikaina.

Lenp ucciaegoBaHUA — aHaJIM3 COBPEMEHHOTI'O
XMMMYeCcKOro cocTaBa BoJ p. B. AHrapa u ee IpHUTOKOB,

rcciieJoBaHNe YHCIJIEHHOCTH, GHMOMAcChl U BHUIOBOTO
pa3HooOpas3us ¢uTo- U GaKTepUOIJIaHKTOHA, OIleHKa
KavyecTBa BOJA 1O XUMHUYECKUM M MUKPOOHOJIOTHYe-
CKUM IIOKa3aTeJIsM.

2. MaTepuanbl U MEeTOADI

B wutonie 2024 r. 61 oTOOpaHB MIPOOHI BOJBI
B. AHraphl Ha Tpex y4yacTKax IIo ajvHe peku: B.A.1 —
BEPXOBbA PEKM, NpUMepHO B 350 KM OT ycTbsA; B.A.2
— cpelHMH y4YacTOK peku B paiioHe nrt. HoBuill Yoss,
npuMepHo B 130 kM oT ycTbs; B.A.3 — ycTbeBOl yua-
CTOK B paiioHe noc. bosbmaa 3aumka, okoso 18 km
OT ycTba. [nA HcciieoBaHUA Takxke OBUIM B3ATH
npoO6Bl BOJIBI MATU NPUTOKOB B. AHrapsl — AHrapakasx,
Anuykan, Axuyii, 'oukynau u Kotepa. Kpowme Toro, mpo-
BeZleH 0TOOp 00paslioB Ha yCTbEeBBHIX y4acTKaX IIPUTO-
koB Baiikana — pekax Kuuepa, Xosonnas, Teis u Pens
(Puc. 3). Ilo momo6HOI cxeMe ucciieJOBaHUs IIPOBOIU-
ek B utosie 2012 r., 4TO NO3BOJIMJIO HE TOJIBKO Ollpe-
JenuTh XuMuuYeckre U OHOoJIoTUYecKue MapameTphl B
BOJIe peK, nocrapsissomux B batikan go 20% Boabl, HO
1 CpaBHUTH COBpPeMeHHbIe JaHHbIe C IOJIy4YeHHBIMU 12
JleT Ha3aj.

Puc.2. BeiTauBaHue Mep3JIOTH B JIoXe pycia B. Aarapsl (patioH noc. BepxHsas 3auMka) npyu HU3KON BOJJHOCTU PeKU,
oKTs6ph 2015 T.
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Puc.3. Cxema or6opa npo6, utonb 2024 r. Crannuu: 1 — p. B. Aurapa Huxe Brnajgenus p. Aurapakat (B.A.1), 2 — p. AHrapakas,
3 - p. AAHuykaH, 4 - p. AHuyi, 5 — p. 'onkynu, 6 — p. B. Aarapa Huxe nrt. Hossiil Yoss (B.A.2), 7 — p. Korepa, 8 — p. B. Aurapa

B noc. Bepxussa 3aumka (B.A.3), 9 — p. Kuuepa, 10 — p. XosiogHas,

OmnpepiesieHre XUMHYECKOTO COCTaBa BOJBL
BBINIOJTHSJIOCH IO  MeTOAWKaM, OOIIENpUHATHIM B
ruapoxuMuu npecHeix Bof (Bapam w ap., 1999;
PykoBopcTBO..., 2009). CopgepxaHue oOIIero asoTa,
docdopa u opraHuvecKoro BemiecTBa ONpedesiaiioch B
HepUIBTPOBAHHBIX MpoOax, 4JiA OmpeesieHUsA OCHOB-
HBIX WOHOB U OMOTeHHBIX 3JIEMEHTOB HOpPOOBl (HIJIb-
TpoBayu 4epe3 MeMOpaHHBIe GUIBTPH C AUAMETPOM
nop 0.45 mxMm. KoHnieHTpanuu 6MOTeHHBIX 3J1eMEHTOB
n3MepsUIu Ha criekrpodoTtomerpe UNICO-2100 (CHIA):
HUTPUTHI C peakTUBOM I'pricca, HUTPATHI - C CAJIUINIIO-
BOKMCJIBIM HaTpHeM, aMMOHUNHEIH a30T - THAO(PEHOIb-
HBIM MeToZoM, (ocdaTel - MeToAoM JleHnxe-ATKHCA
C XJIOPUCTEHIM OJIOBOM B KauecTBe BocCTaHOBUTeJIA. 1A
onpeiesieHHs KPeMHEeKHCJIOTH KCIOJIb30BaH CIIEKTPO-
poTomeTpuueckuii METOL, OCHOBAHHBIN HA NU3MEPEHNHU
WHTEHCUBHOCTU OKPACKH XeJITOW KpeMHEeMOJIMOIeHO-
BOI TeTepOIIOJIMKUCIIOTH. 1A olpefesieHUusa cofep-
’kaHua obmero ¢ocdopa M asoTa HCIOJIB30BATIOCH
BEICOKOTeMIIepaTypHoOe IepcyjibdaTHOe OKHCJIEHHE C
ocjaeAylomuM H3MepeHHeM Ha crekTpodoToMmeTpe.
Omnpenenenne KoHLeHTpanui nonos HCO,, CI, SO*
— TPOBOAWJIM METOAOM BBICOKO3()(DEKTUBHOM XU[I-
KOCTHOU XxpoMarorpaduu ¢ HenpsaMon Y ®-geTeknuen.
Merto/1 oCHOBaH Ha pasJejieHUU aHHOHOB Ha KOJIOHKe
¢ obpameHHON ¢a3ol, JUHAMUYECKU MOIUMUIIPO-
BaHHOM OpOMMIOM OKTa[elUJITPUMETHUIAMMOHUS.
Copmepxanusa noHo Ca’* u Mg2* ompenessuiu abcop-
OIIMOHHBIM METOZOM, OCHOBAaHHBHIM HA W3MeEpPEeHWU
Pe30HAHCHOI'O IIOTJIOIMIeHUs cBeTa CBOOOOHBIMM aTo-
Mamu Kajbuua u maraua. Konnentpanuu Nat u K*
U3MepsIU ILIaMeHHO-3MUCCUOHHBIM MeTofioM. MeTon
OCHOBaH HA M3MepEeHWHN abCOJIIOTHOU WHTEHCHUBHOCTU
U3JIy4YeHUs aTOMOB HaTPUsA U KaJIUs MpU BO30YXIeHUU
UX B IJIAMEHM alleTUJIEH-BO3AYX.

OmnpepesieHre MUKPO3JIEMEHTHOI'O COCTaBa peK
BBIIIOJTHEHO HAa KBAJPYIIOJIBHOM MaccC-CIeKTpOMeTpe
Agilent 7500ce. AHanM3 06pas3IioB U OMUOKU Ompefe-
JIeHUs BHIIOJIHAIN 110 MeTOAVKe, OINMCaHHOU B pabo-
Tax YeonikuHa E.IT. (2012) u Aries S. (2000).

Jlia onpefeneHns GUTOIIAHKTOHA ITPOOBI BOJBI
o6vemoMm 1 am® dukcupoBasu pacTBopoM JIOross u
KOHIIEHTpUpOBaJIU IyTeM ocaxaeHus. [lomcuer Bomo-
pocJeli BeJicsA Ha IpeMeTHOM cTekJle, Ky/1a ToMemain

930

11 - p. Teig, 12 — p. Peb.

karmto npo6sl o6vemom 0.1 cm®. Karmo HokpbiBaIu
IIOKPOBHBIM CTEKJIOM C HOXXKaMU 13 BOCKA, IpeIMeTHOe
CTeKJIO IEpEHOCUJIN Ha CTOJIMK MUKpockona (Koxosa u
MenbsHuk, 1978; ITomoBckas, 1991). ITogcueT BHIIOJI-
HAIM JBaXObl Ha CBETOBOM MuKpockome Amplival
(l'epmanus) ¢ yBesmuenneM X 800 u X 2000. Buomaccy
omnpefesyii C¢ y4eToM oObeMa OTHAEJIbHBIX KJIETOK
(Benbrx u fp., 2011; KoxoBa u MenbHuk, 1978).

g MUKpOOMOJIOTMYECKUX  HCCJIeJOBAaHUN
poOHl peuHbIx BoA otbupasnu no 'OCT 31942-2012 u
OCyIIeCTBJIAIU aHaau3 corjacHo MYK 4.2.3963-23.

3. Pe3yabTathbl M 06Ccy)XxpeHue
3.1. Muapoxumusa

Ha PucyHke 4 npeficTaBjieHb U3MeHEHNe COAep-
’KaHWUA HEKOTOPBIX XMMUYE€CKNX KOMIIOHEHTOB 110 IJINHE
p- B. Axrapa u B ee nputokax B utose 2012 u 2024
rr. B oba roga uccieqoBaHus Ha peKax IPOXOAWIN B
MeXEHHBIX yCJIOBUAX, OJHAKO BBICOKHE TeMIepaTyphl
BO3[yxa B utoHe-utojie 2024 r. ctau NpUIMHON OoJjiee
BBICOKUX (B 1.5-2 pa3a Billle) 3HAYEHUI TEMIIEPATYPhI
peuHol BoJibl. B Bojie IPUTOKOB TeMIlepaTypa BapbUpo-
Bajyia ot 10.5 go 21°C, B B. AHrape yBeJm4uBajach OT
BepxoBUH K ycThI0 ¢ 12 10 24°C. HecMOTps Ha BEICOKYIO
TeMIepaTypy B utosie 2024 r. cogepxaHue pacTBOPEH-
HOT'O KHMCJIOPOAA B PEYHBIX BOAAX OCTaBajOCh AOCTa-
TOYHO BBICOKHM — 8.2-13.0 mr/am3. HacelleHre BObI
KHCJIOPOJIOM OOJIBIIMHCTBA BOAOTOKOB, KaK M B HIOJIE
2012 r., 6pu10 OsM3KO K 100%, a B pekax AHrapakaH
u Kortepa noseimasnocs [0 128 u 145 % Hac., cOOTBeT-
ctBeHHO (Puc. 4).

CyMMa MOHOB B BOJie IPUTOKOB B utojie 2024 r.
HM3MEHsIach B MIMPOKUX mpefesax — oT 23 mr/aM® B
p. Aurapakat, o 177 mr/am® B p. l'onkyiu. Cienyer
OTMETHUTh, YTO IO cpaBHeHHUwo ¢ 2012 r. comepxxaHue
MOHOB B Bojie pek Obu10 Bhime (cM. Puc. 4). U ecsiu B
p- 'oHKysIu 5TO mpeBbIIeHNe He3HAYMTEJIBHO (0KO0JIO
10%), To B pp. AHuyit u KoTepa cymmapHoe cofepxa-
HHUe MOHOB B 2024 r. 60jiee ueM B 2 pa3a MPEBHIIIAIO
TakoBoe B 2012 r. MuHepanusanus Bogsl p. B. Aurapa
yBEJIMUMBAJIach OT MCTOKa K YCThIO 3a CUEeT MOCTyILIe-
HUA BoJ 60Jiee MUHEPaJIN30BaHHBIX IPUTOKOB U B 2024
I. CyMMapHoe cofiepXXaHle NOHOB U3MeHsIach ot 17.6



Tombepe U.B. u dp. / Limnology and Freshwater Biology 2025 (4): 919-936

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

oc TemnepaTypa oAbl % Hiac. 0, Mr/ams Cymma noHos
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Puc.4. Temnepatypa BOAbl I COAepPXKaHNE XMMIYECKUX KOMIIOHEHTOB B Bofjax B. AHrapsl (JINHUA) U ee IPUTOKOB (CTOJIOEL),

ntosb 2012 u 2024 rr.

o 72.5 mr/ame. DTy 3HayeHUS TakKke BhIlle HabJIio-
naeMmbix B 2012 r., ocobeHHO B cpefHEH 4acTu peKu
(B.A.2), rne npeBsilieHre KpaTtHO 2. ITo comepikaHuIo
MOHOB BOJBI BCEX MCCJIEJOBAHHBIX PEK OTHOCATCA K
rufgpokapboHaTHbIM (6osiee 40% B HMOHHOM COCTaBe)
rpynnsl Kasbiusa (ceime 30%) M HUMeIOT OJIM3KUN
OTHOCUTeJIbHBIH cocTas (Puc. 5).

CopepxaHue KpeMHHS Ha HCCJIeJOBaHHOM
ydyacTke B. AHrapel ocTaBajioCh JOCTAaTOYHO CTaOWJIb-
HbIM, Bapbupys B npegenax 2.90-3.10 mr/am® B Bogax
NpUTOKOB B. AHrapel KOHIIEHTpAI[X 3TOrO0 KOMIIO-
HeHTa u3MeHsuuch oT 1.49 mr/nm® B p. I'oHKyIM A0
4.04 mr/am® B p. AAnuykaH. Kak 11 KOHI[eHTpaIii OCHOB-
HBIX MIOHOB, COJlepXaHue KpeMHUsA B BoJie pek B 2024
I'. HECKOJIbKO BhIIIe, yeM Habsomaemoe B 2012 r., 3a
UckIouYeHreM p. [OHKyIH, rie KOHLIeHTpaluy B 3TOM
rofly HeMHOI'0 HIxe, 4yeM 12 jieT Ha3zaa. KoHleHTpanuu
docdaTtHOro Pocdopa B Boaax B. Auraps! ObLin OJIM3KU
K TakoBBIM B 2012 . 1 U3MEHAJINCh, CHUXAACh K YCTBIO,
¢ 4 no 2 mMxr/am®. B nmputokax cofepxaHue 3TOro KOM-
[MOHEHTAa BapbupoBaJjio oT 1 10 8 MKr/aM® 1 peBHILIAIIO0
nosiyyeHHble B 2012 r. BesimunHE B p. AHuYyl B 3 pasa,
B p. l'oukynu u p. Kotepa B 2.5 paza. MuHepabHBIN
a30T B BOJE MCCJIEJOBAHHBIX PeK IIpe/ICTaBJIeH B OCHOB-
HOM HuTpaTtHOU ¢opmoit. Kouuentpauus N-NO, B

100%

80%
60%
40%
20%
0%
’b@e .‘;’ *‘@% ‘\Sb ‘&@»

é'bQ be & Q,q‘ 'go* Q.Q’
Q~v .

BHCO; mCl mSO% NO3

BoJle MpuToKOoB BapbsupoBasia oT 0.03 go 0.14 mr/nm3,
B B. Anrape He npessimiasii 0.08 mr/am®. Otu 3Have-
HUA 6JIU3KU K TaKOBBIM, MOJIyYeHHBIM B utoje 2012 r.
(Puc. 4) HUTpUTHBII a30T B peKaxX perucTprupoBaid B
cenoBbix KognuectBax (MeHee 0.001 mr/mme), KoH-
[EHTpallui aMMOHUMHOro asoTa B Bojde B. AHrapmn
He mpebimianu 0.06 Mr/aMm3, B MPUTOKax ero cojep-
kaHue ObUTO BhIme: p. fHuykaH — 0.008 mr/mm3, p.
Anuyii — 0.020 mr/am®, p. F'orkyau — 0.012 mr/ome,
p. Kotepa — 0.011 mr/am3. B Tabsune 2 npeacraBiieH
XMMHUYECKUI COCTaB BOMABI MCCJIEJOBAaHHBIX IPUTOKOB
barikana. AHanIu3 AaHHBIX TIOKa3aJl, YTO KOHLIEHTpaun
KOMIIOHEHTOB, CONOCTABUMBI C TOJIy4YeHHBIMU AJIA P.
B. AHrapsl 1 ee IPUTOKOB, OJIM3KUI 1 OTHOCUTEJIbHBIN
HoHHBIH cocTaB (Puc. 5). MuHuUMaIbHBIE KOHI[EHTpa-
[ MOHOB PErnCTpUPOBAIN B Boje p. Pesb.

Ha PucyHke 6 npepacraBjieHbl JaHHbIE 06 o0IieM
cojepxxaHuu (MHHepasibHasA ¢dopMa + opraHudeckas)
asoTa u pocdopa B Boje UCCIeJOBaHHBIX IPUTOKOB. B
OCHOBHOM KOHIleHTpaluu N = B PeYHOI BOJe B IIEPHOJ
rccliefoBaHuA He npeBsimainy 0.2 Mr/aM® 4To Xxapakre-
pU3yeT BOABI 3TUX NPUTOKOB KaK «IIpeJieJIbHO YKCTHIe»
(Okcutok u fip., 1993). Bogsl pek 'onkynu u Kuuepa
B KOTOpBHIX KOHIeHTpaiuu N -~ Obuin pasHsl 0.34 u
0.39 mr/oM®, COOTBETCTBEHHO, OTHOCATCA K KJIaccy

mNa* mK* mCa2*m Mg?'m NHj

Puc.5. OTHOCUTEJIbHBIH MOHHBIH COCTaB PeYHBIX BOJ, Uiojib 2024 r.
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Ta6suna 2. TemnepaTypa u cofepkaHue XUMHUYeCcKX KOMIIOHEHTOB B Bojlax MpUTOKOB Barikasna, niosb 2024 1.

BomoToxu T 0, CyMMa MOHOB Si N-NO, N-NO, N-NH, P-PO,
°C mr/om3 MKr/am3
Kuuepa 18.8 9.36 31.2 2.58 0.001 0.11 0.008 7
XosionHas 13 9.73 59.1 2.16 <0.001 0.03 <0.005 <1
Toia 16.4 9.01 69.1 2.38 <0.001 0.08 <0.005 1
Pesp 16.1 9.51 11.4 2.07 <0.001 0.12 <0.005 1
«aucTeie». Ilo comepxxanmio P K KaTeropum «Iipe- mr/am3 a
OeJIbHO YHcThie» (<5 MKr/amM®) B utoJie 2024 r. OTHOCH- 0.4 -
JIVICh BOJBI peK AHrapakaH, B. AHrapa B BepxHeM U cpe[i-

HeM Teuenuu (B.A.1 u B.A.2) u Pejb. Bogbl ocTaJIbHBIX
puToKoB B. AHrapsl u ee ycrbeBoro yuactka (B.A.3),
a taxxe pek Kuuepa u XosogHas no cogepxanuio ¢oc-
¢dopa oTHOCATCA K Kjaccy «4ucteie» (<50 Mkr/am3).
MakcumaJsibHble KOHI[EHTpAIuyd 3TOr0 KOMIIOHEHTa
peructpupoBasii B Boge p. Teia (52 wmxr/amd),
YTO COOTBETCTBYET «YOBJIETBOPUTEIBHOMY» KJIACCy
YHCTOTHL.

I[To panueiM @OI'BY «3abatikanbckoe YIMOC»
PocruagpomeTa HeyqOBJIETBOPUTEJIBHOE KAYeCTBO BOJIBI
B HIDKHEM TeueHUHM p. B. AHrapa perucrpupyercs u

0.3 1
|

AN S, N R P A R
10 CoMepXaHUI0 JPYI'MX HOPMUPYEMbBIX KOMIIOHEHTOB. QQrs* ¥ ‘\&\* Q‘.x‘ ‘XQA ¥ Q.O& ¥ @Q’ 09\5 Qf\ @
Tax B 2022 r. B cTBOpe y noc. BepxHsaa 3auMKa KOH- Y«X‘ AR Q.‘o Q Q +°§\ ?
LleHTpauuy JieTyuux (PeHOJIOB B BOAe IMOAHUMAJIKCh < Q
BN muH ® N opr B P MuH P opr

no 0.002 mr/am® (2 TIK), opraHnYecKux BEIIECTB IO
XIIK o 31.6 mr/am3 (2.1 ITOK), HeDTENPOOYKTOB 0
0.08 mr/am® (1.6 IOK). OTmeuaercss U 3arpsisHEHHE
PEeuYHBIX BOJ coeuHeHusAMU xkeje3a — 0.41 mr/am? (4.1
[AK), mequ — 21.7 mxr/am?® (21.7 TIAK)u uaka — 20.5
mkr/ome (2.1 TIAK) (Toc. mokianm « O COCTOSAHUU 03.
Batikas...», 2023). Ilo ganHbeiM Pocruapomera kaue-
CTBO BoABI p. BepxHeil Aurapel B 2022 rogy xapakre-
PpU30BaJIOCh KaK «OYeHb 3arpsisHeHHas».

3.2. MMKPOKOMNOHEHTbI

Jsia Bcex uccieIoBaHHBIX pek B uiojie 2024 r.
TakXxe ObLIIM OTMeUeHbBI BRICOKHE cojiepxanus Li, Al, Fe,
Mn, Ba, Sr, Zn, Mo W, U. Takue ajieMeHThl Kak Mn, Fe,
Al mOABMXHBI B MEP3JIOTHBIX TaeXHbBIX JaHAmadTax
1 OO0JIbIIOe KOJIMYECTBO UX IMOCTymaeT ¢ (HPOHOBHIMM,
He3arps3HeHHBIMU peYHbBIMM BoAamu. CTemeHb HaKO-
mwieHusa Fe MoxeT mpeBbIIaTh HOPMATUBHL [JIsA PBIOO-
XO3SIUCTBEHHBIX BojoeMoB (KomoBckuii u ap., 2019).
[Ipoduab pacnpenesieHUs MHUKPOKOMIIOHEHTOB IIpef-
crasJieH Ha PucyHke 7.

mKr/om3
1000 -

100
10

1 ¢

0.1
0.01
0.001

0.0001 -

Puc.6. Obmee comepxanue azora (a) u ¢ocdopa (6) B
PeYHBIX BOAaX, uiojb 2024 r.

Metony kJacTepHoro aHanmusa (mporpamma
STATISTICA) Bbifenusl [Be TPYIIB peK CO CXOXUM
pacnpefeyieHreM MHKPOKOMIIOHEHTOB B HHX, Xapak-
TEpU3YIOIINX COCTaB NMOpoA BoAOCOOpPHOro H6acceiiHa U
nctoyHuky nutanua pek (Puc. 8). B mepByio rpynmy
Bonutn peku: B. Aurapa 1, B. Amrapa 3 (BepxH:aa
3ammka) u p. Korepa, a Takxke Xomomuas u TeiA. Bo
BTOpyIo rpymnmy Bonuin Kuuepa, B. AHrapa B cpeiHeM
TeueHUU, U e€ MPUTOKU — pp. AHrapakad, fAHYyKaH,
Anuyii. Pexu I'onkysiu u Pesnp He BOLLIM HU B OOHY
W3 rpynmn. JTO MOXeT OBITh CBA3aHO C TeM, 4TO IlepBas
oboraieHa TakKMMU MOABXHEIMU 3JIeMeHTaMU Kak Sr,
Ba u U. Bropas nmeeT caMmyr HU3KYIH0 MUHEPAJIU3ALUI0
U3 BCeX pek (3a cueT HeOOJIBINION IIomaau Bogocbopa
1 aTMochepHOro NMUTAHUA) U OTJINYaeTCs BBICOKUMU
coflepXaHUAMHN peJIKO3eMeJIbHbIX 3JIEMEHTOB, BOJIb-
dpama u TOpUA, NOCTYNAKIINX B PeKy B OCHOBHOM B
BHUJe KJIACTUYECKOro MaTepuaJia.

—B.A. 1

—B.A.2

B.A.3

AHrapakaH

AHYYKaH

—— AHuyM

—TbiA

—— [OHKyNU —KoTtepa —Kuuepa ——XonogHaa ——Penb

Puc.7. MukpoaJieMeHTHBIHN COCTaB peyHbIX BOM, uiosb 2024 r.
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Pexu CeBepo-baiikaibckoro paiioHa pecmy-
O0Mku BypATUA UCOBITBIBAIOT OOJIBIIYI0 aHTPOIOIeH-
HyI0 Harpy3Ky B CBSI3U CO CTPOHUTEJIbCTBOM >XeJIE3HO-
nopoxHoi BerBu BAM. Ilo cpaBHenuro c¢ 2012 r. s
OoJIBIIMHCTBA peK HabJoaeTcs oboraiieHre HEKOTO-
peiMu MuKpoaiemeHTamu (Li, Be, B, Al, Ti, Co, Ni, Cu,
Zn, Se, Sr, Mo, Cd, Sb, W, Pb, Th, U). [Ipu sTom npe-
BhIIIEHWE PpPbIO0XO3AHCTBEHHBIX HOPMAaTUBOB 3a(UK-
CHpOBaHO M0 Maprasily, xejesy, MeAu U MoJubOJeHy
(Puc. 9) (ITpukaz MwuHHCTEPCTBA CEJIBCKOTO XO3sii-
CTBa..., 2016). B uione 2012 r. npessimenue [1JK no
MeAu perucTpupoBaju B BofAe p. Korepsl, no Mosuo-
JeHy B ycTbe B. Arrapsl, Kuueps u Pesy, o MapraHiy
B Boze p. ['oHKyIN.

3.3. OUTONAAHKTOH

HccnenoBanus mokazasu, 4To B uwje 2024 r.
6uomacca 1 4MCJIeHHOCTh (GUTOIJIAHKTOHA B BEpXOBbe
B. Axraps (B.A.1) B ee mpuToKkax OCTaBaJIMCh AOCTa-
ToyHo Hu3kumu (Puc. 10). MuHuMasbHbIe 3HaUYeHUA
Habmofanu B p. Korepa, rae 6rnomacca Bogopoceli He
npeBbimasia 4.8 Mr/m3, a YucJIEHHOCTD 2.8 THIC. KJI./aM3.
B npo6ax 13 3Tol peKy 0TMedeHO 00JIbIIIoe cofiepXKaHue
MMHepaJIbHOH B3BeCH, YTO BEPOATHO ABJAETCH CJefd-
cTBUeM paboT Mo [obObiue 30Ji0Ta Ha MPUTOKAX 3TOMN
peKH, BO3MOXHO BBICOKass MYTHOCTb ABJIAETCA JIMMHU-
TUPYIOIUM GaKTOPOM AJiA pa3BUTHA GUTOIJIAHKTOHA.

[To pnmunHe p. B. AHrapa oT BepXOBHUIl K YCThIO
MIPOMCXOAUT YBeJIM4YeHHe KOJIMYeCTBeHHBIX II0Ka3a-
Tejlell BOAOpOCJel: MUHMMaJbHble MOKa3aTesld YHC-
JIEHHOCTU U 61oMacchl GUTOIIaHKTOHA OTMevYaiCh B

Tree Diagram br 12Cases
Ward's nethod
Eudidean dstances

B.A.1

p. Xonogxan
p TeiR
B.A.3

p. Kotepa
B.A.2

p Kinepa

p. Arrapxa
p. Fragax
p. Frayi
p.loscynn
p Fene

0 15
Linkage Distance

Puc.8. Pe3ysbraThl KJIaCTEPHOrO aHajiu3a pacrnpezesie-
HUA PeK 10 MUKPOJJIEMEHTHOMY COCTaBY.

BepxoBbe peku (B.A.1) — 12.3 Thic.KJ1./aM° 1 9.8 Mr/m®,
COOTBETCTBEHHO; MaKCHUMaJIbHble 3HAUEHUS] PEeruCTpU-
poBaJIM Ha ycTheBOM ydacTKe (B.A.3), rae ducieH-
HOCTh (MUTOIUIAaHKTOHA TMpeBbIaga 4 MJIH.KJI/OM3, a
6uomacca 1 r/ms.

B Ta6mune 3 mpeacTasJjieHB JaHHBIE O OroMacce
U YMCJIEHHOCTU (PUTOIJIAHKTOHA B BOJ[€ IPUTOKOB, BIIa-
JaloX B CEBEPHYI KOTJIOBUHY Baiikasa. 3HaueHUs
COTNIOCTAaBMMBI C TIOJTyY€HHBIMU JIJIsI TAKOBHIX B BOAAX
B. Anrapsl (3a ucK/II0YeHHEM MPUYCTheBOI'O ydyacTKa)
U ee MPUTOKOB.

a
mkr/gm?
25 =
2 -
1.5
nak
1
0.5
O -
AHrapakaH| B. A.1 | fAHuykaH | Auuyi Fowkynn | B.A. 2 Kotepa | B.A.3 Kwyepa |[XonoaHas Toin Penb
ECu 0.5 0.75 0.31 21 0.82 0.2 0.58 1.01 0.53 0.87 0.81 0.4
BMo| 1.01 1.23 2.2 1.5 0.74 1.36 0.96 1.65 1.8 0.24 0.63 1.51
Fe, mkr/gm? Mn, mkr/gm?
140 - - 14
120 A 12
nak
100 10
80 A - 8
60 - - 6
40 A -4
o] | 5§ N S5
0 A - 0
Awrapakad| B.A.1 |flwuykaH | AxuyH Foukynn | B.A. 2 Kotepa B.A.3 Kuuepa KonoaHas Toia Penb
HFe 23 76 69 124 127 106 37 104 112 45 8.5 44
EMn 5.5 5.5 4 111 11.4 9.6 1.9 0.8 12.8 1.61 35 0.89

Puc.9. Conepxanue Meau u MmoaubaeHa (a), xxejie3a u Maprasia (6) B peuHoil Bofe, uiojib 2024 r.
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Puc.10. Buomacca (mr/m®) u uncyieHHoOCTb (ThIC.KJI./AM®) puToriankToHa B p. B. AHrapa u ee npurtokax, uwJib 2024 r.

BunoBoe pasHoobpa3uie BOOOpOcell Ha BEPXHEM
U cpelHeM ydacTkax B. AHrapsl ObLJIO 3aMeTHO HUXe
(16 u 17 TakCcOHOB), 4YeM Ha yCTheBOM ydacTke (69 Tak-
coHoB). ITo unciy BumoB B peke (B.A.1-B.A.2-B.A.3)
npeobJsafanu 3eyaeHsle (2-4-25) u nuatomossie (8—-10—
20) Bogopocyu. [To bromacce B JOMUHUPYIOMUNNA KOM-
IUIeKC BXOAWJIM JauaTomMoBbie (42.5-46.3-63.2%),
kpunrodpurossle (3.8-39.0-30.9%) u cuHe-3ejieHble
(51.0-7.3-1.1%) Bomopocau. (Puc. 11). B Bomax B.
Anrapel U3 guatoMel mpeobiafalomnuMu ObLIM BUABI
pona Stephanodiscus, Synedra, Cyclotella, Tabellaria,
Aulacoseira, n3 xpuntodputoBsix — Rhodomonas pusilla,
Cryptomonas sp.1, cuHe-3eJjieHble IIpeJiCTaBJIEHBI
Oscillatoria i Phormidium.

B Bone mpurokoB fHuykaH, fAHuyii, 'oHKyHU U
Kuuepa B cocraBe (UTONJIAaHKTOHA MNPHUCYTCTBOBAJIU
auHodurtossle Bogopocau (30-70%), mpefcTaBjieHHbIE
Gyrodinium helveticum. B Kuuepe u Thie peructpupo-
BaJIu 3eJieHble BoAgopocau — Ao 25% B 0611ieM cocTtaBe
¢utortankroHa (Puc. 11).

3.4. Muxkpo6buonorusa

HccnemoBaHus Tpynn MHKPOOPTaHU3MOB B P.
B. AHrapa u eé npuTOKax IoKa3aJil, YTO YHUCJIEHHOCTh
OpraHoTpo(dHBIX OakTepuil B OOJIBIIMHCTBE CJIy4aeB B
ntosie 2024 r. Huxe, yem B 2012 1., ¥ B cpeJHeM CTaBuJIa
564 u 645 KOE/cm?, coorBercTBeHHO (TaGimia 4).
3HaueHus obmero MukpooHoro urcaa (OMY) B 2024 1.
OBLJIM Ha MOPANOK HUXe, yeM B 2012 1.

100% %
80%
60%
40%

20%

0%

Ta6suna 3. Buomacca u 4ricjeHHOCTb GUTOIJIaHKTOHA B
nputokax o3. baiikasn, utons 2024 r.

BonoToku buomacca, Yuci1eHHOCTD,
Mr/m? ThIC. KJI/AMS
Kuuepa 44,5 18,8
XoJsiogHas 5,9 3,6
Toisa 44,7 39,9
Penb 3,7 1,6

OmnpepesieHre CaHUTApHBIX TIpPyNn MHMKpPOOp-
raHu3MoOB B BoJe MCCJIeJOBaHHBIX peK M0Ka3aso, 4TO
B 2012 u 2024 rr. 60JBIMIMHCTBO OTOOpPaHHBIX P06
HecTaHfapTHele. COOTBETCTBOBAJIM HOpPMAaTHBaM IIO
BCeM MoKazaTesiAM npoOwl B.A.3 B 2012 r. u B.A.2 B
2024 r. OguHHAAUATh U3 YeTHIpHAAIATU P06 MMesu
IIpeBHIIEHS YMCJIEHHOCTH SHTEePOKOKKOB, IPY HOpMa-
TuBHOM 3HaveHun J0 10 KOE/100 cm3, oHa koJseba-
jaack oT 15 7o 120 KOE/100 cm3. B 2024 r. B Bojiax Bcex
rccyeJoOBaHHBIX BOJIOTOKOB 3HaueHUs E. coli He TIpeBHI-
mwasad HopMBL. B 2012 r. 4uMcJIeHHOCTh 3TOro IOKa3sa-
tesiA Boiie 100 KOE/100 cm® otmeuanu B p. I'oHKyIM
(243 KOE/100 cMm®). B 2024 r. uricJieHHOCTh 000O0IIeH-
HbIX kKoaudopmHbx 6akTepuii (OKB) mpeBrimiaia HOp-
maTtus (500 KOE/100 cm®) B Bogax p. 'onkysm — 900
KOE/100 cMm3, p. Kotepa — 744 KOE/100 cM® 11 Ha ycThe-
BOM y4acTke B. Aurapsl (B.A.3) — 1640 KOE/100 cm®.

1 Cyanophyta M Chrysophyta

Bacillariophyta [ Chlorophyta

] Cryptophyta

M Euglenophyta

[5 Dinophyta
M Xanthophyta

Puc.11. OtHOCuTesbHEIH cocTaB (1o 6romacce) GUTOIJIAHKTOHA B BOAOTOKAX, Miojib 2024 r.
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Ta6suna 4. YnicieHHOCTh MUKPOOPraHN3MOB B Bojie B. AHraps! u ee npuTokos B utojie 2012 u 2024 rr.

BoaoTroku OKB, KOE/100 OpraHoTpodsl, OMUY, KOE/cMm? | E. coli, KOE/100 | DHTepOKOKKH,
cm?® KOE/cm3 cm® KOE/100 cm®
2024 r. 2012r. | 2024 r. |201271.|2024T1.| 2012 T. |2024T1.| 2012 T. | 2024 T.
p. AHrapakan 208 - 260 - 26 - 0 - 15
B.A.1 476 650 365 420 42 28 0 30 16
p. Anuykan 172 - 224 - 26 - 0 - 31
p. AHuyn 416 860 473 600 20 22 0 120 17
p. T'oHkyn 900 472 682 234 44 243 72 18 43
B.A.2 434 960 260 288 22 18 10 30
p. Kotepa 744 591 395 372 22 15 0 40
B.A.3 1640 338 1209 136 40 11 60 0 42
Hopmatus* He 6o0s1ee 500 He 6osiee 100 He 6oJiee 10

IIpumeuanue: * — CanlluH 1.2.3685-21

BBICOKYI0 UMCJIEHHOCTh MUKPOOPraHU3MOB, IIpe- nueBbiM. MuHepanmusanusa BoAbl p. B. Anrapa B
BBINIAIOIIYIO JIOIyCTHMBIe IO HopMaTtuBaMm CanIIuH HI0Jie Bo3pacTajia OT BepXOBUH K YCTbIO B 4 pasa,
Habogamu B p. F'oukysu B 2012 1. (E. coli B 2.4 pa3a, B pesyJsibTaTe BHajieHus OoJiee MUHEpaIN30BaH-
3HTepoKOKkU B 1.8 paza) u 2024 r. (OKb - 1.8 paza HBIX IIPUTOKOB. Ilo cpaBHeHuio ¢ utoseM 2012 r.
U SHTEPOKOKKU — 4.3 pa3a), a B HIDKHEM TeueHUU p. OTMEYEHO 3HAUUTEeJIbHOE yBeJMYeHHe coaepxka-
B. Anrapa B 2024 rogy perucTpupoBas IIpeBHIIeHNe HUA OCHOBHBIX OHOB B BOJ€ HEKOTOPBIX [IPUTOKOB
OKB B 3.3 pa3a, SHTEPOKOKKOB B 4.2 pasa. (Anuyii, Kotepa) u B cpegHeM TeueHUU B. AHraphl.

MukpoOuoJiorudyeckue  HCCJIeJOBaHUA  peK CyMMmapHOe cofiepkaHue MOHOB 3[eCh BO3POCIIO B
Kuuepa, XonogHas, Penp u Toif, moKa3aad BBICOKYIO 2 pa3a.

4YHCJIEHHOCTh opraHoTpodHbIX 6akTepuii B pp. Kuuepa
u TeiA, Mexay rogamMu OTJIMYMA He 3HauYUTeJbHBIE
(Puc. 12). OMUY B Boze pek B 2024 r. Ha MOPAAOK HITXE,
yeMm B 2012 r., 3a ucxymodyeHueM p. Kuuepa, rae uuc-
JIEHHOCTh OTJIMYajiach He 3HAYUTEJIbHO U COCTaBUJIA
112 u 182 u KOE/cMm3, coorBeTcTBeHHO. OTMEUeHbI He
3HAUMTeJIbHBIE MIPeBHIIIeHNA HOPMAaTUBOB MO coAepXa-

+ Ilo comepxaHuio coenuHeHHil azota u Qocdopa
KauyecTBO BOBI UCCIIEJOBAHHBIX IPUTOKOB B OCHOB-
HOM XapakTepu3yeTcs KaK «IIpefesibHO YHCThie» U
«4qyCThle». TOJIBKO BOABL P. ThHiA B HIKHEM Teue-
HUU 10 coflepXaHU1o PoOIL. OTHOCHMJIMCH K KJIaccy
«yMepeHHOHN YHCTOTHI».

HUI0 MUKPOOPraHU3MOB CaHUTApHO-IIOKAa3aTeJIbHBIX + TIlo cpaBHeHuwo c¢ utosieM 2012 r. aa OOJIBIINH-
rpynm B 2024 r. B Bojjax p. Kuuepa (3HTEpOKOKKH — 14 CTBa UCCJIEJOBAHHBIX peK OTMeUeHO oboraiieHue
KOE/100 cm®) u p. Toisa (OKB — 518 KOE/100 cm3). HeKoTOphiMU MuKpodJiemeHTamu (Li, Be, B, Al, Ti,
Co, Ni, Cu, Zn, Se, Sr, Mo, Cd, Sb, W, Pb, Th, U).

4. BbiBOADI IIpu 3TOM 3a(UKCHUPOBAHO TPEBBIIIEHUE B BOJIE
HOpMAaTuBOB 1o Meau (p. HYYH U yCTheBOH y4a-

VccrenoBanus B uiosie 2024 T. OKA3aJI: ctok B. AHrapsl), momubnaeHy (Ha BceX CTBOpax

« Bogwm p. B. AHrapa u wuccjIe[JOBaHHBIX IIPUTO- B. Amrapel, B pp. Anrapakan, Anuykas, Axuyi,
KOB WMEIT CXOXHU OTHOCUTEJIbHBIA WOHHBIN Kuuepa u Pess), xenesy (pp. Anuyii, I'oHkynn,
COCTaB M OTHOCATCA K THAPOKapOOHATHO-KaJIb- cpejiHee M HIXKHee TedeHHe B. AHraph) m Map-

ranuy (pp. Axuyi, l'onkysnu, Kuuepa).

KOE/100cm3® KOE/cm?
150 4 - 1200

1000
100 - 800
600
400
200

0

JHTEPOKOKKY E.coli OKB OpraHoTtpodsl oMY

Bp. Kuuepa @p. Xonograa B p. Pens B p. ToiA He obHapyxeHo
Puc.12. YncieHHOCTh MUKPOOPTraHMU3MOB B BoJie IPUTOKOB B utojie 2012 u 2024 rr.
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* YucneHHocTp u 6Ouomacca (QUTOIJIAHKTOHA B
HMCCJIeJOBAaHHBIX BOJIOTOKAaX He 3HAYUTEJIbHBI U
B OCHOBHOM He IpEeBBIIAIOT 3HAUYeHUU AJIA OJIU-
roTpodHsx BomoeMoB. HckioueHHe —HUXXHUN
y4yacTok p. B. AHrapa B palioHe moc. BepxHsas
3auMKa, rje 4YMCJIEHHOCTb U Ouomacca ¢Guro-
IJIAHKTOHA JOCTUTAJIN BeJIMYMH XapaKTePHBIX AJ1A
Me30TPOQHHBIX BOI0EMOB.

+ (OOiiee MUKpoOHOE YHCJIO B BOJAaxX MCCJIeJyeMBbIX
MPUTOKOB CHU3WJIACh Ha MOPSAZOK IO CpaBHEHUIO
¢ 2012 r. u cocraBuwio B cpequem 30 KOE/cm3,
OrnpenesieHrie CAHUTAPHBIX FPYII MHUKPOOPraHu3-
MOB TakXe IOKa3aJio TpeH[ Ha yJyullleHue Kaue-
crBa BoA. B 2024 r. OTCYTCTBYIOT INpEBHIIIEHUA
HOpMaTuBa yncJieHHOCTH E. coli ¢ MUHUMAaIbHBIMUA
3HaYeHUAMM PaBHBIMU HYJII0. UricJIeHHOCTh OaKTe-
puti pona Enterococcus vMmeia MpeBBIlIeHUA JOIY-
CTHUMBIX 3HaUeHUH B psAAe peK, OJHAKO B OCHOBHOM
ObLJIa HIXKe, yeM B uroJie 2012 r.
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