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ABSTRACT. The article presents the results for 2014-2015 of chemical, microbiological and toxicologi-
cal studies of the water quality of the urbanized tributary of Lake Onego (the River Neglinka). The high
anthropogenic load on the studied river was revealed. The runoff of storm water reached one third of
the river runoff. The maximum excess of maximum available concentration in storm water for BOD, was
80-90-fold, for oil products — 50-60-fold, for suspended solids — 40-fold. The River Neglinka in the upper
reaches (outside the urban area) is affected by a swampy catchment area. The chemical composition of
the water (low pH values, high color index, COD_ and Fe ) reflected the influence of catchment area.
The methodological problems were associated with identifying zones of anthropogenic impact against
the background of the negative impact of natural factors on the water quality of the River Neglinka. In
the calculation a modified specific combined water contamination index was used. This made it possible
to determine zones of influence of the anthropogenic factor. Microbiological indicators (total bacterial
abundant, total coliform bacteria, saprophytic bacteria) indicated a high degree of pollution of the River
Neglinka and especially sanitary-indicative bacteria. The unsuitability of the River Neglinka for recre-
ational use was revealed. Bioassay revealed the toxicity of the river water in the upper reaches. It was
connected with the low pH due runoff of humic substances from swampy catchment area. The barrier
role of groundwater, which led to an increase in the pH, and the complexing ability of humic substances,
which reduced the bioavailability of heavy metals, stipulated non toxicity river water in urban areas.
The study proved that the assessment of the quality of highly colored river waters is possible only with
a comprehensive implementation of chemical, microbiological and toxicological studies.
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1. Introduction 2021; Makarova et al., 2022; Makarova et al., 2023).
Assessing the current state of the urbanized tributar-
ies is becoming relevant. However, regional features
of the chemical composition of water (high color and

The deterioration of water quality has become
a serious problem. As big cities continue to grow, the
effect of human activities on urban river ecosystems iron content, low pH values, etc.) complicate the task of
increases (Liu et al., 2017; Kong et al., 2021; Zhang et assessing its quality.
al., 2021; Akhtar et al., 2024). The unique features of Karelia’s surface water

In Petrozavodsk (the capital of the Republic of  5re que to a humid climate and geomorphologic char-
Karelia), in recent decades, due to the increase in the acteristics, such as low mean annual air tempera-

amount of transport and active construction work, the ture, excessive humidification, the exposure of old

impact of storm water runoff on the urbanized tribu- crystalline rocks and the multiple glaciations in the
taries of Lake Onego has increased (Tekanova et al.,
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Quaternary Period (Lukashov, 2004; Tekanova et al.,
2018). Therefore, the organic matter (OM), iron and
nutrient concentrations, gas composition and pH of sur-
face waters in the Karelian Hydrographic Province are
highly variable. For instance, major ions content in sur-
face water layers varies markedly (5-460 mg/L, median
value 19 mg/L). Cations are dominated by Ca2?*, Mg?*
ions and lesser Na*. Anions contain hydrocarbonates
and an abundance of organic acid anions. They domi-
nate low-alkaline highly humic water (Lozovik, 2006;
Lozovik, 2013). As the catchment area is highly paludi-
fied, the river water is rich in humic substances. This,
in turn, is responsible for its high color, high total iron
concentration and the acidic response of the medium.
These factors may badly affect the biota of aquatic eco-
systems (James, 1991a;b; Arvola et al., 2014; Tekanova
et al., 2018).

The River Neglinka flows across Petrozavodsk,
the capital of the Republic of Karelia. Based on the
protocol of the Commission for the establishment of
categories of objects of fishery importance and the
characteristics of the extraction (catch) of aquatic
biological resources living in them, the North-West
Territorial Administration of the Federal Agency for
Fisheries dated 11.04.2013 No. 3, the River Neglinka
was assigned the highest category of fishery impor-
tance. It is heavily contaminated with storm water run-
off and nutrients from the private sector, particularly
during spring flood. The contaminated river flows into
Petrozavodsk Bay of Lake Onego, a source of drinking
water for the population.

The River Neglinka displays a mixed type of
feeding. Surface feeding is controlled by snow melting
and raining. The upper River Neglinka flows among
bogs. In spring, its water is mixed with meltwater from
the bogs. The flood plain, consisting of peat and sand, is
paludified. These factors are responsible for the river’s
high water color (Fig. 1) (Borodulina, 2013; Karpechko,
2013).

Petrozavodsk is located in a subartesian basin,
which includes the Kotlinsk water-richest aquifer over-
lain by a thick pile of Quaternary sediments, such as
the Onegozero intermorainic aquifer and the ground
water of glacial and lacustrine-glacial sandy and san-
dy-loamy deposits. These waters are exposed by springs
(Krutskikh et al., 2016) what the supply of spring water

in the middle reaches of the River Neglinka (Andronikov
et al., 2019). The supply of subsurface water provokes
changes in total water major ions content downstream
from 35 to 400 mg/L (Borodulina, 2013).

An essential problem in Karelia is assessment of
the effect of human activities on the river water con-
taminated with an abundance of humic substances (a
regional natural factor) responsible for an elevated
water color. Therefore, it is important to separately
assess the effect of both natural and anthropogenic fac-
tors on the quality of the River Neglinka water, because
modern water quality classifiers are used mainly for
assessing the influence of human activities on trans-
parent-water bodies. Until recently, no seasonal studies
have been conducted to assess river water quality and
the effect on biota.

The aim of the present study is to assess the qual-
ity of the River Neglinka water from chemical, micro-
biological and toxicological indices taking into account
regional features of the chemical composition of water.

2. Materials and Methods
2.1. Description of the study area

The River Neglinka is 14 km long. It varies in
depth from 0.2-0.5 m at rapids to 1-3 m in moderately
deep to deep slow portions of the river. Mean perennial
runoff in the River Neglinka is 0.5 m?3/s. The river’s
basin area is 46.1 km? mires make up 13%, and its
ratio of lake surface to drainage area is less than 1%
(Karpechko, 2013). The river has a mixed type of feed-
ing. Surface feeding is dependent on snow melting and
rain, while underground feeding is controlled by springs
(Borodulina, 2013). The river is frozen in November-
December and snow goes off in April-May. The river is
similar in gradient to semi-mountain streams (7.6%o)
(Slukovskii and Polyakova, 2017).

2.2. Sampling and analyses

Surface water samples were taken from May to
November in 2014 and from May to October in 2015
in the various stretches of the river. Sampling stations
were outside (st. N-1), and in (stations N-2 and N-3)
the city boundaries (Fig. 2). The year 2014 saw a

Fig.1. General view of the River Neglinka. (a) mid-channel, (b) river mouth
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spring flood period in May and a short flood period in
September-October. In 2015 saw a spring flood period
in May and other samples were taken in the low-water
period (Fig. 3). Samples were taken from the surface
water layer in the central portion of the current. The
water was heated to a maximum of 15.0 °C in August
2014 and to 13 °C in June 2015 (Fig. 3).

In 2014, seven water samples were collected at
each station to analyze the chemical composition of
water to determine pH, color, chemical oxygen demand
(COD,, ), dissolved oxygen content, biochemical oxygen
demand (BOD,), nutrient content (NO,-, NO,~, TP, IP),
including five samples (June-October) to determine oil
products. In 2015, six water samples were collected at
each station to determine pH, color, dissolved oxygen
content, BOD,, COD_, and total suspended solids (TSS).
Nutrient content (total phosphorus (TP) and inorganic
phosphorus (IP)) and Fe , were determined in five
water samples (June-October), and oil products were
determined in three samples (May, July, September).

2.3. Methods of chemical analysis

All samples were taken, kept and analyzed
according to the Interstate standard “Water. General
requirements for sampling” (State standard 31861-
2012). The chemical parameters of water were assessed
using standard analytical methods accepted in hydro-
chemical practices (Table 1). The results obtained were
compared with the maximum allowable concentrations
of contaminants in Russia’s water bodies used for com-
mercial fishing (MAC) (On approval of..., 2023).

To indirectly calculate the abundance of humic
substances in water, P.A. Lozovik (2013) suggested
to use the index showing the humus content of water
(Hum) calculated from the formula:

Hum = ,/COLxCOD,,, , unit of humus content

where, COL - color of water, degrees;
COD,, - permanganate consumption, mg O/L

2.4. Calculation of the specific combined
water contamination index

The degree of contamination was calculated
from chemical indices for the River Neglinka in 2015
according to «A method for combined assessment of
surface water contamination from hydrochemical indi-
ces». The specific combined water contamination index
(SCWCI) was calculated from chemical indices. In this
method, a scalar value shows the degree of contam-
ination (Guidelines 52.24.643-2002) assessed for all
contaminants in any water body at the water sampling
site over any time interval for any set of hydrochemical
indices. The norms used are the MAC of contaminants
for the water of water bodies used for commercial fish-
ing (Table 1). These are the strictest (minimum) values
from combined lists recommended for preparing infor-
mation papers on surface water quality (Guidelines
52.24.643-2002). SCWCI shows how often MAC is
exceeded. The worst water quality corresponds to the
highest index value.
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Fig.2. River location, three sampling (red circles) and
storm water stations (No. 1-10) (purple squares) on the River
Neglinka.
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Fig.3. Water temperature and water discharge in the
River Neglinka at sampling dates in 2014 —2015;
L - left axis, R — right axis

2.5. Methods for microbiological analysis

The total bacteria abundance (TBA) was assessed
by direct calculation on black polycarbonate track
membranes (D - = 0.2 pm) by Whatman on a lumi-
nescent microscope MIKMED-2 (magnification X 1600)
with preliminary staining of cells with acridine orange
(Handbook of Methods..., 1993). Saprophytic bacteria
(SB) were reared on fish-peptone agar (FPA) for 5-10
days at 22 °C (Kuznetsov and Dubinina, 1989). To iden-
tify of total coliform bacteria (TCB), a water sample
was filtered through membrane filters (D . = 0.45
um) and placed in Endo’s agarized medium and incu-
bated for 24 hours at 37 °C. Incubation was followed by
a cytochromoxidase test. Specific colonies, which have
not changed their color, were calculated (Guidelines
4.2.3690-21).

The water quality was assessed based on micro-
biological indicators using the generally accepted
“water quality indicator” in aquatic microbiology
(Romanenko, 1985; Dzyuban, 2000), which reflects
the proportion (%) of saprophytic bacteria in the total
abundant of bacterioplankton (SB/TBA, %). The scale
of this indicator is as follows: < 0.003 - especially
clean; 0.003-0.03 - clean; 0.03-0.1 - slightly polluted,;
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Table 1. Methods of chemical analysis.

Parameters Method adopted MAC (Russian Standard)
pH Potentiometric determination 6.5-8.5
by glass electrode
Color, Cr-Co scale Photometric determination, A= 410 nm —
degrees
Fe , mg/L atomic absorption method with flame atomization 0.1
COD,, , mg O/L Titrimetric determination in acidic media (Kubel method) —
COD_, mg O/L Dichromate sulfuric acid oxidation of organic matter and titrimetric —
determination with ferroin
0,, mg/L standard Winkler method >6.0 during open water period
BOD,, mg O,/L Determination by light-and-dark-bottle method using O, <21
TSS Gravimetric determination, 0.45 um membrane filter Background +0.25
NO,-, mg N/L Spectrophotometric method with sulfanilamide and N-(1- <0.02
Naphthyl)-ethylenediamine-dihydrochloride, A = 543 nm
NO,, mg N/L Reduction to NO, — with a Cd-reduction column and determination <9
as NO,-N
IP, mg/L Spectrophotometric method with ammonium molybdate and —
ascorbinic acid reduction to phosphatomolybdic heteropolyacid,
A= 882 nm
TP, mg/L Oxidation of organic matter by K,S,0, in acidic media and determi- —
nation of PO,-P
Oil product, mg/L Infrared spectrometric method 0.05

Note. “—” — not standardized

0.1-0.3 - polluted; 0.3-3.0 — dirty; > 3.0 — especially
dirty. For a correct assessment of water quality based
on the total abundant of bacterioplankton in accor-
dance with the scale of V.I. Romanenko (1985) (light
microscopy), a factor of 2.06 was used to convert to the
new method (epifluorescence microscopy) (Makarova
et al., 2022).

2.6. Bioassay

Samples for chemical and microbiological anal-
yses were taken in spring, summer and autumn. Water
samples were taken from the River Neglinka for bioas-
say in the same time of year. In 2014, water samples
for bioassay were taken at stations N-1, N-2 and N-3
(Fig. 2) in May, June, August, September, October and
November (6 series of experiments, 18 water samples).
In 2015, samples were taken at stations N-1, N-2 and
N-3 in May, June, July and August (4 series of exper-
iments, 12 water samples). River water samples were
placed in 1-litre plastic bottles and delivered immedi-
ately to the laboratory.

The crustaceans Ceriodaphnia affinis Lilljeborg
(synonym of Ceriodaphnia dubia Richard, 1894) were
used as a test organisms. This species was proposed for
the first time as a test organism for assessing the tox-
icity of an water samples (Mount and Norberg, 1984).
In 2008, the small planktonic crustacean C. affinis
was taken for bioassay from a culture donated by the
Papanin Institute for Biology of Inland Waters Russian
Academy of Sciences, and was then cultivated in the
Laboratory of Hydrobiology at the Northern Water
Problems Institute, KarRC, RAS (Kalinkina et al., 2013).
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The crustaceans C. affinis were cultivated using ground-
water of the following chemical composition: Na* -
7-19 mg/L; K* — 2-4 mg/L; Ca?* — 12-24 mg/L; Mg?*
- 4-11 mg/L; HCO, - 31-58 mg/L; CI- - 8-21 mg/L;
SO,> - 15-40 mg/L; total ion content 100-200 mg/L
(Water Resources..., 2006). The pH of the groundwa-
ter varied from 8 to 8.3. The crustaceans placed in the
culture were fed with the green alga Chlorella vulgaris.
Water samples from the River Neglinka were
subjected to bioassay by methods recommended in
Russia for monitoring water bodies (Zhmur, 1997,
Methods for assessment of toxicity..., 2007) and in
accordance with standard international toxicological
methods (Oslo and Paris Commission, 1997; USEPA,
2002). Bioassay began after adjusting the temperature
of river water samples to room temperature. Water tem-
perature in 2014-2015 experiments varied with season
from 18 to 25 °C. However, in each 2-day experiment
water temperature in each series in different months
varied from 0.5 to 1 °C. River water samples were sub-
jected to bioassay under static conditions (static nonre-
newable tests). In this experiment, test organisms were
affected by the aquatic medium studied (river water)
during the entire testing period without refreshing the
aquatic medium. The experiment took 48 hours. Two-
day-old crustaceans C. affinis were used. The experi-
ments were replicated twice. Groundwater was used as
a reference medium. Its chemical composition is shown
above. The volume of the reference medium and that of
the river water tested was 100 ml at each replication.
Five crustaceans were placed in each bottle. The crus-
taceans were not fed during the experiments. At the
end of each experiment the survival of the crustaceans
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was assessed as the percentage of the final number of
the survivors relative to their initial number. Besides,
at the end of each experiment the general condition of
the crustaceans was assessed from the activity of their
movement in the bottle and the availability of juveniles
in brood pouches.

2.7. Assessment of the anthropogenic
load on the River Neglinka

The River Neglinka is contaminated by storm
sewage from Petrozavodsk, gravity sewer systems,
runoff from the residential area, runoff from a railway
depot, etc. (State report..., 2000-2022).

According to the official data submitted by the
Ecology Department of the Mayor’s Office, the River
Neglinka is contaminated by 10 storm runoffs (Fig. 2),
reaching a volume of 0.004 km3/year and making up
one-third of the total volume (0.013 km?/year) of the
river runoff. Data on pollutants in storm water runoff
are presented in Table 2.

In 2014, MAC for BOD, and oil products was
exceeded in 9 runoffs out of 10 (Table 2). The mul-
tiplicity of MAC for BOD, was maximum (almost 80
times) in runoff no. 5. The amount of oil products was
maximum (52MAC and 56MACQC) in runoffs nos. 6 and
7, respectively. In runoffs nos. 5-10, MAC for TSS was
exceeded. The excess of MAC (40- and 36-fold) was
maximum in runoffs nos. 10 and 6, respectively. Norms
for chlorides were not exceeded.

In 2015, storm water samples were taken from
9 runoffs, but runoff no.10 was not taken into account.
BOD, was exceeded in 7 runoffs out of 9. Like in 2014,
the multiplicity of MAC was maximum in runoff no.5
(94-fold MAC). Norms for oil products were exceeded
in all runoffs. Maximum values (52 and 57 times,
respectively) were shown by runoffs nos. 5 and 7. The
amount of TSS was exceeded (1.9 times on the average)
only in runoffs nos.1, 8 and 9. Norms for chlorides were
not exceeded.

2.8. Statistical analysis

Median values for samples and the standard error
were calculated as the statistical characteristics of the
variability of chemical indices. Samples were compared
and seasonal variations were revealed using nonpara-
metric methods of statistics, such as Spearman’s cor-
relation coefficient and nonparametric Mann-Whitney
U-Test. The confidence of the correlation coefficient
was assessed using a confidence level of 0.05.

Links between the indices of hydrochemical were
studied using the principal component analysis (PCA).
This analysis, based on logarithmic indices, was per-
formed to decrease the ratio of the size of the indices
and to make their distribution as normal as possible
(Shitikov et al., 2005). Major components with a vari-
ance of =1 and the effect of factors on features with
relative values of > |0.7| were accepted as significant
(Korosov, 2007). The data obtained were processed sta-
tistically in the licensed package Statictica Advanced
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10 for Windows Ru.
3. Results
3.1. Chemical composition of water

In river water Ca?* and Na* ion concentrations
are 25.6 and 19.5 mg/L, respectively. The river water
is of a hydrocarbonate-calcium type, based on ion
composition, but during the summer-autumn season
it changes its group from calcium to sodium (Sabylina
and Efremova, 2017).

According to (Sabylina and Efremova, 2017), the
chemical composition of the River Neglinka water is
dominated for many years by such metals as iron and
manganese. High Mn and Fe concentrations are due to
a high regional background. Therefore, these metals are
not regarded as contaminants (Lozovik and Platonov,
2005). Cu, Zn, Pb and Cd concentrations increase
while the river flows across Petrozavodsk, occasionally
exceeding MAC. Cu and Zn concentrations in the city
were 3 and 20 times the concentrations in the suburbs
(Sabylina et al., 2022).

All indicators were divided into two groups in
analyzing the chemical composition of the water of
the River Neglinka. The first group included indicators
characterizing the influence of a swampy catchment
area (natural factor): the concentrations of poorly min-
eralized humic substances (COD,, , COD_), the water
color and related chemical elements (mainly iron)
and pH as an indicator of substances of acidic origin,
including humic acids (Lozovik, 2013).

The second group included chemical indicators
characterizing anthropogenic influence: various forms
of mineral nitrogen and phosphorus, BOD, and oil prod-
ucts supplied with storm runoffs in the lower reaches of
the river of Petrozavodsk. The concentration of oxygen
in water reflects, on the one hand, the aeration of water
in rapids areas of the river, and on the other hand, the
consumption of oxygen for the destruction of easily
mineralized OM. In our studies, we assessed oxygen as
an index showing the anthropogenic impact related to

Table 2. Contaminants in storm runoff into the River
Neglinka in October 2014 and in July 2015 in Petrozavodsk.

Data MAC | October 2014 | MAC| July 2015
Min — max* Min —max

M=m M=m
TSS, mg/L | 4.25 2-167 23.75] 4.1-192
55+20.4 69.9+22.5
BOD,, mg 2.1 1.8—-167 2.1 0.58—198
0,/L 26.5+15.8 28.8+21.2
Oil product, | 0.05 0.04—2.8 0.05 0.1—2.88
mg/L 0.97 +£0.32 1.21+0.39
Chlorides, | 300 4-72 300 16.8—96
mg/L 25.2+10.7 49.7+18

Note. *“Min—max are minimum and maximum values,
M =*m is a mean value and a standard error. The MAC of total
suspended solids (TSS) was calculated from data from the
ecology department of the Petrozavodsk city administration
data in 2014; 2015 - own data.
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the supply of storm runoff carrying an abundance of
OM.

3.1.1. Chemical indices showing the natu-
ral composition of water in the River Neglinka in
2014-2015

Data obtained in 2014 show that the water
samples taken throughout the entire River Neglinka
are highly humic (mesopolyhumic subclass) (Lozovik,
2013).

In the suburban stretch of the River Neglinka
affected by mire water, high concentrations of OM of
humic origin calculated from COD_ were provoked by
high water color and total iron concentration values
(Table 3). A 12-51-fold excess of MAC for Fe , was
revealed.

In the urban stretch of the river, where total river
runoff is diluted by subsurface water (Andronikov et al.,

river, where MAC was exceeded 7-50-fold due to its
partial precipitation on the bottom.

3.1.2. Chemical indices of man-provoked
water contamination in the River Neglinka

The concentration of easily mineralized sub-
stance, calculated from BOD, in the suburban stretch of
the river, was only 1.5 times the MAC for two years. As
an abundance of easily mineralizable OM was supplied
with storm water runoff (Table 2), BOD, in the urban
stretch of the river channel was two times the MAC
(Table 3).

In 2014, high oxygen concentration along the
river channel varied slightly. In 2015, water-dissolved
oxygen concentration declined, as did the oxygen sat-
uration of water. A decline in the oxygen saturation of
water took place at station N-2. It was due to the sup-
ply of nutrients identified by BOD, into the river water

with storm runoff upstream from the sampling station
and terrigenous and overland runoff.

2019), COD_, decreased. OM concentration declined, as
did the water color (Table 3). Fe , decreased down the

Table 3. Chemical composition indices of water in the River Neglinka in 2014-2015.

Data 2014 2015
upper stretch urban sites upper stretch urban sites
of the river of the river
st. N-1 st. N-2 st. N-3 st. N-1 st. N-2 st. N-3
pH 4.5-6.6 6.6-7.7 6.9-7.9 4.3-5.2 6.5-7.7 6.6—7.8
5.6+0.4 7.2+0.2 7.4+0.2 4.5+0.3 7.0+0.3 7.4+0.3
Color, degrees 98-410 21-286 29-230 270—384 34—283 64—261
177 £76 129+39 66+ 37 349+32 146 +36 93+13
Fe , mg/L n.d. n.d. n.d. 1.2-5.1 1.1-4.0 0.7—-2.8
2.7+0.4 2.1+0.3 1.4+0.2
CoD,, , mg O/L 9.37-12.69 9.1-11.2 9.4-11.1 n.d. n.d. n.d.
10.34+0.84 10.1+0.4 10.3+0.5
Hum, units 30-64 14-57 18-50 n.d. n.d. n.d.
44+9 34=+8 25+6
COD_, mg O/L n.d. n.d. n.d. 33.7—47.2 20.3—46.8 12.5—-40.4
39.3£3.6 27.6+3.3 20.4+4.6
O,, mg /L 7.9-11.2 8.4-11.0 8.8-10.7 7.6—9.5 5.6—9.8 8.7—10.5
9.9+0.7 9.7+0.6 9.8+0.6 8.2+0.3 6.2+0.9 9.4+0.3
% of O, saturation 71-87 79-92 82-90 62—-71 51-77 78 —-92
79+4 84+3 86+2 68+ 2 56+6 802
TSS, mg/L n.d. n.d. n.d. 9-92 6—-97 4-120
27+7 16+6 165
BOD,, mg O,/L 1.4-3.4 2.4-6.0 2.9-6.6 0.9-1.6 1.1-6.4 2.0—-5.3
1.7+0.4 3.5+0.9 3.4x0.7 1.0+0.1 5.0x1.5 2.3+0.4
NO,”, mg N/L 0.009-0.024 0.026-0.254 0.027-0.243 n.d. n.d. n.d.
0.016+0.004 | 0.198+0.065 0.149+0.05
NO,-, mg N/L 0.035-0.26 0.41-1.12 0.33-2.89 n.d. n.d. n.d.
0.21 £0.06 0.59+0.1 0.67 £0.61
TP, ng P/L 19-44 54-197 46-211 42—-162 106 —339 128—-319
26+6 103+30 132+39 85+19 166 +31 217 +44
IP, ug P/L 10-42 49-191 33-205 4-—-31 39—-273 117 —209
25+5 98 + 27 117 +38 18+6 148 +46 160+20
0Oil product, mg/L 0.03* 0.37* 0.05* 0.05* 0.34* 0.04*
(September, (August) (October) (September) (September) (September)
October)
Note. Min—-max is in above the line; a median value and a standard error are in below the line; “n.d.“ = no data; * — shows

maximum oil product concentration.
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Nitrite concentration in the suburban stretch of
the river was generally low, except for two cases when
it was 1.2 times the MAC. The amount of nitrites in the
urban stretches of the river increased by one order of
magnitude, so MAC was exceeded eight-fold over the
entire study area.

Nitrate concentration in the river water was
markedly below MAC. Nitrate concentration was
almost three times the original value on crossing the
urban area (Table 3). Our data on the concentration of
the inorganic forms of nitrogen in the river are consis-
tent with those obtained by other workers, who took
samples from the river in the same period (Dzyubuk
and Klyukina, 2015).

Total phosphorus (TP) concentration in 2014
was much lower than in 2015 due to weather condi-
tions, because the year 2014 was drier than 2015. The
supply of TP with storm water runoff and runoff from
the private sector was responsible for its increased con-
centration in the river water in the urban area. The
data we obtained on the concentration of TP and IP in
the river water are consistent with the data of Sabylina
and Efremova (2017).

The bulk of inorganic phosphorus (IP) in the
water of the River Neglinka is of anthropogenic origin,
as indicated by its high percentage (28-98% of total
concentration). The study of Karelia’s water bodies
shows that if inorganic phosphorus concentration in
water makes up over 10% of total phosphorus concen-
tration form, then its presence is due to anthropogenic
contamination (Zalicheva and Volkov, 1994; Lozovik,
2017).

Oil product concentration in the upper reaches
of the River Neglinka did not exceed the critical value
of 0.05 mg/L for two years of studies. At station N-2,
MAC for oil products was twice as high over the entire
study area in 2014, reaching maximum concentra-
tions upon a seven-fold excess of MAC. This happened
because there is a railway depot at some distance from
station N-2 and because stormwater runoffs with high
oil product concentrations are present (Section 2.7). At
station N-3, oil product concentration decreased to 0.04
mg/L. Oil products become less abundant towards the
river mouth, because they are partially precipitated on
the bottom, because they are oxidized due to the rapids
and because they are utilized by microbiocenoses. In
2015, a 7-fold excess of MAC for oil products once took
place at station N-2 in the urban stretch of the river.

The concentration of TSS in the river water was
maximum in the suburban stretch of the river. Although
TSS in the urban stretch of the river is supplied together
with storm water runoff, they are less abundant in the
river water than in the suburban area because they are
partially precipitated on the bottom.

3.1.3. Analysis of the structure of relation-
ships between chemical indicators

The principal component analysis (PCA) was
used to analyze the structure of relationships between
chemical indicators which determined by regional nat-
ural and anthropogenic factors. The principal compo-
nent analysis (PCA) is a method used for reducing the
size of feature space with a minimum loss of useful
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information and for revealing groups of objects differ-
ing in correlation strength from each other.

When analyzing the results of PCA obtained in
2014, the first three principal components make up
81% of the total variability of water composition indi-
ces for the River Neglinka. A significant contribution
to PC1 was made by pH, the oxygen saturation of the
water and nutrient matter (NO,, NO,, TP, IP), BOD, in
the water, contribution to PC2 by water-dissolved oxy-
gen and COD,, , and contribution to PC-3 by the water
color (Table 4). The diagram showing the distribution
of PC1 and PC2 values (Fig. 4a) the objects are divided
into two main groups. Two right quadrants contain
samples taken at the suburban station in all months of
monitoring. Located in two left quadrants are samples
taken at urban stations during the entire monitoring
period. On the diagram showing the distribution of PC1
and PC3 values (Fig. 4b) the objects are also split up
into two main groups: two right quadrants contain sam-
ples taken at the suburban station in all months of mon-
itoring; located in two left quadrants are samples taken
at urban stations. The position of the stations on the
diagrams indicates the well-defined spatial heterogene-
ity of river portions due to the effect of bog water in the
upper reaches of the River Neglinka, where the lowest
pH values and high water color indices were found, as
well as the supply of underground water, which neu-
tralizes water in the urban area. Therefore, high pH
values, the low water color, the heavy nutrient matter
contamination and high mineralized OM concentration
in water of the river (Table 3) are characteristic of the
urban stretches of the River Neglinka. The seasonal
variability of the background and urban stretches of
the river is poorly defined, in contrast to considerable
differences in their chemical composition.

The use of PCA for data on the chemical compo-
sition of the water of the River Neglinka obtained in
2015 has shown that the first three main components
reflect 83% of the total variability of the features. The

Table 4. Distribution of factor loadings in the main com-
ponents in the study of the relationships between hydrochem-
ical indicators of the River Neglinka in 2014.

PC1 PC2 PC3
pH -0.9 -0.1 -0.1
Color 0.5 0.1 -0.7
o, 0.0 0.8 0.5
% of O, saturation -0.7 -0.1 0.2
Ccop,,, 0.3 0.8 -0.1
BOD, -0.7 0.5 -0.4
NO,- -0.8 0.1 -0.1
NO," -0.8 0.2 0.3
TP -1.0 0.0 -0.2
IP -0.9 0.0 -0.2
Eigenvalue 5.2 1.7 1.2
% in total variance 52 17 12

Note. Significant factor loadings of features are high-
lighted in bold.



Makarova E.M., Kalinkina N.M. / Limnology and Freshwater Biology 2024 (6): 1399-1433

a
s e
2 May
N-1
L]
October
1
e ;\".—I
&
5 of |September e
D November
A N.-I
June
- ;\:';I AL
= August .
\ July /
-3
-3 2 -1 ] 1 2 3 4 3
PC1: 52%

b? ;
/2 YA -
E .
2 November! November
o2
October
o 1wt
E :
o e
5 \.:3 i N;f?uh' N-1 . NI
B g hrnnnto DAE2 ] ..Sﬁpt’em}exe\;i._....!.chob.ez ..................
August NI
June ** May
2 s
7 & <t 0 1 2 3 3 5
PCl: 52%

Fig.4. Biplots showing the ordination of the first and second (a) and the first and third (b) principal components of the chem-
ical characteristics of the river water in 2014. Rectangle 1 shows samples from the upper stretch of the river (N-1), rectangle 2

shows samples from urban stretches.

water color, pH, COD_ and phosphorus concentration
contributed markedly to PCl, oxygen concentration
in the water and the oxygen saturation of the water
contributed to PC2 and the concentration of TSS in the
water contributed to PC3 (Table 5). The positions of
the stations on the plot showing the distribution of PC1
and PC2, and PC1 and PC3 values show the spatial het-
erogeneity of the river stretches revealed in 2014 from
hydrochemical indices (Fig. 5a, b): the upper stretch is
affected by bog water, which decreases the pH of the
water, increases its color and displays elevated COD_,
The urban stretches of the river are characterized by
the supply of groundwater, which neutralizes the river
water, and contamination by phosphorus compounds
discharged from the residential area (Table 3). The oxy-
gen concentration and percentage of water saturation
with oxygen were each a part of the principal compo-
nent due to a strong correlation between these indices
showing variations in oxygen in the water provoked by
seasonal variations.

Thus, the ordination of stations in the axes of
the main components is associated with the influence
of wetlands in the upper reaches and groundwater in
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Table 5. Distribution of factor loadings in the main com-
ponents in the study of the relationships between hydrochem-
ical indicators of the River Neglinka in 2015.

PC1 PC2 PC3

pH -0.9 0.1 -0.1

Color 0.9 0.1 0.0

0, 0.0 1.0 0.0

% of O, saturation -0.3 0.9 0.3

coD,, 0.7 0.5 -0.1

BOD, -0.6 -0.6 0.0

TSS -0.1 -0.2 0.9

TP -0.8 -0.1 -0.2

P -0.8 -0.1 -0.4

Fe, 0.6 0.2 -0.6

Eigenvalue 4.4 2.4 1.5

% in total variance 44 24 15
Note. Significant factor loadings of features are high-

lighted in bold.
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Fig.5. Biplots showing the ordination of the first and second (a) and the first and third (b) main components of the chemical
characteristics of the water in the River Neglinka in 2015. Rectangle 1 shows samples from the upper stretch of the river (N-1),

rectangle 2 shows samples from urban sites.
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the middle reaches of the river. These factors deter-
mine the change in chemical indicators characterizing
the regional features of river waters (pH, color). At the
same time, the use of the PCA revealed a significant
role of the anthropogenic factor in the ordination of
stations (phosphorus input from urban areas). In gen-
eral, the results of the statistical analysis illustrate the
combined influence of two factors (natural and anthro-
pogenic) on the chemical composition of water, which
determines methodological problems in assessing the
quality of highly colored waters of the River Neglinka.

It was of interest to consider the classification
of stations on the River Neglinka taking into account
data only on anthropogenic pollution. For this purpose,
the indicators reflecting the influence of natural factors
(pH, color, COD,, , COD_, Fe ) were excluded from
the initial data sets for 2014 and 2015. The results of
the PCA are presented in Tables 6 and 7 and Figs. 6
and 7. In both 2014 and 2015, the first principal com-
ponents reflected the influence of the anthropogenic
factor, namely the influx of nutrient matter and eas-
ily mineralized OM (Tables 6 and 7). The correlation
of the used indicators reflects their origin associated
with storm water. The ordination of stations in the axes
of the two principal components clearly showed their
division into background and urban areas. Thus, the
exclusion of the characteristics of the chemical compo-
sition determined by the influence of the regional nat-
ural factor from the general data set substantiated the
need to assess the water quality of the River Neglinka
only according to indicators reflecting the influence of
anthropogenic factors.

3.2. Microbiological indices

The distribution of the total bacteria abundance
(TBA), saprophytic bacteria (SB) and total coliform
bacteria (TCB) for both years of studies at three sta-
tions on the River Neglinka is shown in Table 8 and
Fig. 8. All the indices varied considerably along the
river channel. TBA, SB and TCB showed low indices
against those at background station N-1, increasing at
urban stations (Table 8 and Fig. 8). The upper stretches
of the river flow in a forested area. In the urban area,
the river water is contaminated by stormwater runoff,
terrigenous runoff from the city and runoff from the
private sector. This combined effect of point and scat-
tered sources of contamination may provoke high TBA,
SB and TCB concentrations at stations located in the
urban stretches of the river (Fig. 8). The highest abun-
dance was characteristic of station N-2 presumably due
to the discharge of storm water runoff upstream from
the sampling station (Fig. 2) and the influence of the
private sector.

TBA, SB and TCB were more abundant in 2014
presumably because the water was heated better (Fig. 3).
Many scientists note that the growth of bacteria is often
dependent on water temperature (Rheinheimer, 1977,
Lee et al., 2016; Seo et al., 2019), but we have failed to
find significant correlation between the growth of bac-
terioplankton and water temperature due to the river’s
morphology affected by the high velocity of currents,
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Table 6. Distribution of factor loadings in the main com-
ponents in the study of the relationships between hydrochem-
ical indicators of the River Neglinka in 2014 without indica-
tors characterizing the influence of natural factors (pH, color,
CoD, ).

PC1 PC2
0, -0.1 -1.0
% of O, saturation -0.7 -0.1
BOD, -0.8 -0.2
NO,- -0.8 -0.1
NO,- -0.8 -0.2
TP -1.0 0.2
P -0.9 0.3
Eigenvalue 4.2 1.15
% in total variance 60 16

Note. Significant factor loadings of features are high-
lighted in bold.
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Fig.6. Biplots showing the ordination of the first and sec-
ond main components of the chemical characteristics of the
water in the River Neglinka in 2014 without indicators char-
acterizing the influence of natural factors. Rectangle 1 shows
samples from the upper stretch of the river (N-1), rectangle 2
shows samples from urban sites.

shallow depth and the strong impact of the anthropo-
genic factor.

Nonparametric Mann-Whitney U-Test showed
statistically significant differences in the quantitative
indices of the suburban stretch of the river relative to
urban stations N-2 and N-3 (Table 9). Comparison of
the urban stations between each other showed that in
2014 station N-2 was statistically different from station
N-3 only in TBA indices and in 2015 in the abundance
of SB and TCB.

It is clear from Fig. 9 that the growth of bacterio-
plankton is characteristic of the summer season, when
water temperature rises (Fig. 3), and in the autumn
season, when precipitation increases, contributing to
the washing-out of contaminants from the residential
area. Earlier studies confirm the increasing abundance
of bacteria in the summer and autumn seasons due to
the inflow of contaminants with precipitation, which
took place on the eve of sampling (Timakova, 2013;



Makarova E.M., Kalinkina N.M. / Limnology and Freshwater Biology 2024 (6): 1399-1433

Tekanova et al., 2015), as confirmed by the results of

the present study.

Table 7. Distribution of factor loadings in the main com-
ponents in the study of the relationships between hydrochem-
ical indicators of the River Neglinka in 2015 without indica-

The indices of bacterioplankton in a seasonal
aspect poorly correlated between each other due to
the pattern of OM supplied from point and scattered
sources. Spearman’s correlation coefficient for 2014
data was significant between TBA and TCB at station
N-2 (0.86) and at station N-3 (0.86). For 2015 data,
Spearman’s correlation coefficient was significant for
SB and TCB at station N-3 (0.81).

3.3. Results of bioassay of River Neglinka
water

In 2014 and 2015 experiments, the survival rate
of the crustaceans C. affinis in the reference medium
by the end of the experiments was 100%. Only in one
case (in one replication out of two), in May 2014, by
the end of a 48-hour experiment 4 crustaceans out of
5 had survived and in other experiment 5 crustaceans
had survived (average survival rate was 90%). In all
series of experiments, control animals moved actively
in the water at the end of each experiment, and juve-
niles were in their brood pouches, indicating that the
C. dffinis culture, used in the experiment, was in good
condition.

In river water samples, the survival rate of the
crustaceans C. affinis varied from 0 to 100% by the end
of 2-day experiments (Fig. 10). The recurrence of the
results in two replications was complete in all series of
experiments, except for one case, when a minor devia-
tion between replications was revealed. In May 2014,
when a water sample from station N-2 was tested, 5
animals in one replication survived, while in other rep-
lication 4 animals survived (mean survival rate was
90%).

The most toxic water samples with lowest sur-
vival rate indices of the crustaceans C. affinis, up to
their complete death in both 2014 and 2015 were
revealed in water samples from station N-1 (Fig. 10 a).
This station is located in the upper reach of the River
Neglinka, in the reference area of the river situated
outside Petrozavodsk and unaffected by human activi-
ties. In 2014, crustaceans in water samples from station

Table 8. Microbiological indices

tors characterizing the influence of natural factors (pH, color,

Fe_, COD,).

PC1 PC2

0, 0.5 0.8

% of O, saturation 0.4 0.9

BOD, -0.9 -0.0

TSS 0.2 -0.5

TP -0.8 0.4

IP -0.8 0.5

Eigenvalue 2.4 2.0

% in total variance 40 34

Note. Significant factor loadings of features are high-
lighted in bold.
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Fig.7. Biplots showing the ordination of the first and sec-
ond main components of the chemical characteristics of the
water in the River Neglinka in 2015 without indicators char-
acterizing the influence of natural factors. Rectangle 1 shows
samples from the upper stretch of the river (N-1), rectangle 2
shows samples from urban sites.

Data 2014 2015
upper stretch urban sites upper stretch urban sites
of the river of the river

st. N-1 st. N-2 st. N-3 st. N-1 st. N-2 st. N-3
TBA, -10° ¢/ml 0.6-4.02 1.10-18 0.85—-5.26 0.42—1.78 3.04—7.46 1.57-5.21
0.97 £0.42 5.7+2.75 3.53+0.79 1.15+0.35 3.49+0.72 2.78+0.7
SB, ~10° CFU/ml 0.15-3.96 1.8-196 6.1-28 0.03-0.24 0.1—-45.9 0.18—3.0
1.22+0.82 70.6 +53.8 13.5+3.47 0.1+0.02 20.6+11.8 0.78+0.24
TCB, -10° CFU/L 0.33-389 130-6400 111-1464 1.22—40.67 300—1324 38.4—225

15+21 3545+1486 464 =267 9.61 +£5.64 593+218 75+23
SB/TBA, % 0.04-1.03 0.33-6.79 0.36-6.77 0.004-0.08 0.007-2.08 0.02-0.26
0.2+0.14 1.2+1.76 1.0+£0.25 0.01+0.01 0.8+0.49 0.05+0.01

Note. Min—-max is in above the line; a median value and a standard error are in below the line.
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N-1 died completely in May, June and November. In Total bacteria abundance
August, September and 2014, the survival rate of the

4 2015
crustaceans C. affinis in river water samples from the s 20 &
reference area increased to 80-100%. In 2015, a lethal 16
effect in water samples from station N-1 took place 1
throughout the entire study period from May to August 12

F 10

(Fig. 10a).
An entirely different toxicological situation took
place at stations N-2 and N-3, located at the urban

8
6 o
stretches of the river and affected by human activities. # . @ ? Iil
(== J—
0
N-1

The results of bioassay in 2014-2015 show that the sur- =

vival rate of test-objects in river water from stations 55 W 1 o 53

N-2 and N-3 was 100% (Fig. 10b,c). Only in one case i,
(May 2014, a river water sample from station N-2) Saprophytic bacteria

the survival rate of the crustaceans declined slightly to 20

90%. The high buoyancy of the crustaceans and the fill- . 204 —— 0
ing of their brood pouches with juveniles indicated that 180
the animals were in good state at the end of a 2-day R
experiment on bioassay of river water at stations N-2 lfo
and N-3. Thus, water samples taken from two urban 1D§
stretches of the river, showed no acute toxic effect on

the crustaceans C. affinis in all seasons for two years. i :

10" CFUtml

40

4. Dlscuss_lon _ :ﬁ - | -
4.1. Quality of water from the River N1 N2 N3 N1 N2 N3

Neglinka, as shown by chemical indices field station

Total coliform bacteria

70

As shown by the analysis of chemical data using - s
the PCA (Section 3.1.3), the main problem of assessing 60 T B
the quality of water in the River Neglinka by chemical -
indicators is the influence of the anthropogenic factor
(TP, IP, BOD,) against the background of the impact = :
of the regional natural factor (color, pH). Two factors 2 5
made a significant contribution to dividing the stations
into two groups - stations located in the background =
area (the first group) and stations located in urban 0 ’:E‘ il
areas (the second group). @ o
For differentiated assessment of the influence ’ N1 N2 N3 N1 N2 N3
of two factors, the SCWCI calculation was performed field station
using two sets of data. In this case, when calculating the =tk [ | Eoe ok L Mis Oaierkiere: 3 Oultes 5; atiomes
index, data for 2015 were used, when the widest range Fig.8. Spatial distribution of TBA, SB and TCB at the
of chemical indicators was obtained. At the first stage, River Neglinka stations in 2014 and 2015.
the SCWCI calculation was performed using the entire
set of chemical indicators. The calculations showed
that along the entire length of the River Neglinka, the Table 9. Significance levels of Mann-Witney’s U-criterion
water at the studied stations is characterized by an betw‘een Fhe suburban and urban stretches of the River
increased level of pollution, which was associated both Neglinka in 2014-2015.
with indicators reflecting anthropogenic load and with Data suburban / urban anEm

indicators associated with the impact of the swampy

t. N-1 / st. N-2 | st. N-1 / st. N-3 [ st. N-2 / st. N-3
catchment area (pH, Fe_.) (Table 10). 3 s s s s s

tot

According to literature (Borodulina, 2013; 2014
Borodulina et al., 2020), the high Fe _, content and low TBA 0.006 0.110 0.035
pH yalues in the Water of the River Negllnlfa reflect SB 0.006 0.002 0.085
the influence of regional natural factors. In this regard,
at the second stage, the indicators characterizing the TCB 0.004 0.006 0.142
influence of the regional natural factor were excluded 2015
from t.he SCWCI calculations, in acc01jdance with TBA 0.004 0.016 0.200
Guidelines 52.24.643-2002. New calculations showed
that the water of the River Neglinka in the upper SB 0.004 0.004 0.020
reaches corresponds to “clean waters”, while during TCB 0.004 0.006 0.004
transit through the city of Petrozavodsk, the status of Note. Shown in bold type are the loads of features with a
the water changes sharply to “polluted”. Thus, a new valid contribution (p < 0.05).

1409


https://www.multitran.com/m.exe?s=suburban&l1=1&l2=2

Makarova E.M., Kalinkina N.M. / Limnology and Freshwater Biology 2024 (6): 1399-1433

2014

Standardized data

VI

month

2
PL)

[

Standardized data

VI

month

0.3

0.0

Standardized data

0.5

VI v v X

month
—o— TBA —o— TCB —— SB

2015 st. N-1
25
20
15
=
= 10
& 05
g 00
i
05
10
15
v VI VI VI X X
month
st. N-2
i
20
15
E 10
g 03
£ 00
i
0,5
10
15
v VI v VII X %
month
st. N-3
13
10
£ 03
g 00
0,5
10
15
v VI v VIO X X
month

—— TBA —=— TCB —— SB

Fig.9. Seasonal distribution of TBA, TCB and SB at the River Neglinka stations in 2014 and 2015.

assessment of water pollution was obtained, which
made it possible to more accurately identify anthropo-
genic altered area of the River Neglinka and the degree
of their pollution (Table 10).

4.2. Quality of water from the River
Neglinka, as shown by microbiological
indices

The problem of assessing the quality of highly col-
ored waters based on microbiological indicators is asso-
ciated with the currently poorly studied effect of humic
substances on bacteria. Humic substances, in turn, have
a complex effect (both stimulating and depressing) on
bacterioplankton, an essential indicator of water qual-
ity (Visser, 1985; Tranvik and Hofle, 1987; Jones et al.,
1988). In most biological classifications, the influence
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of human activities on water bodies is assessed without
taking into account regional features (Drachev, 1964).

To solve the problem of bioindication of water
quality with a high content of humic substances, in pre-
vious studies (Makarova et al., 2023), using the exam-
ple of 12 tributaries of Lake Onego the structure of links
between the chemical (pH, water color, COD_, BOD,,
Fe_, % of O, saturation, TSS and TP) and microbio-
logical (TBA, heterotrophic bacteria, SB, total micro-
bial number, TCB, phenol-oxidizing bacteria, hydro-
carbon-oxidizing bacteria) parameters were studied. It
has been proved that microbiological indices are highly
correlated with BOD, and not correlated with indi-
ces showing the effect of a paludified catchment (pH,
water color, COD_). Thus, our analysis has confirmed
the applicability of generally accepted classifications
to assessment of water quality in anthropogenically
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affected highly color tributaries from microbiological
indices.

According to the bioindication of water quality
of the River Neglinka (Table 8) that the background
stretch of the River Neglinka was contaminated in 2014
and was clean in 2015, as indicated by median SB/TBA
indices. Water at station N-2 was assessed as dirty in
both years of studies, as indicated by median values,
as dirty at station N-3 in 2014 and as contaminated in
2015. In 2014, the abundance of bacterioplankton was
higher than in 2015 (Fig. 8) presumably because sam-
ples were taken after precipitation responsible for the
supply of bacteria from the residential area.

Median TCB values (Table 8) exceeded sanitary
norms of 5000 CFU/L for recreation zones. For instance,
the excess was 2-3 times the normal value in the back-
ground stretch of the river, 119-709 times the norm at
station N-2 and 15-93 times the norm at station N-3.
This excess of sanitary norms for TCB is the reason for
a great concern of the local population.

Thus, assessment of water quality assessed from
microbiological indices has shown that the river is not
good for recreation and that its water should be decon-
taminated because the river flows into Lake Onego near
the city’s water intake facilitie. The urgency of improv-
ing the environmental situation in the catchment area
is increased by the fact that the mouth of the River
Neglinka is located near the drinking water intake for
the population of Petrozavodsk.

4.3. Assessment of water toxicity

Bioassay of water from the River Neglinka, an
urbanized tributary of Lake Onego, has revealed a con-
troversial situation. River water samples, taken from
the reference uncontaminated stretch of the river, were
found to be highly toxic for the crustaceans C. affinis.
However, river water samples from stations located in
the big City of Petrozavodsk, where many contamina-
tion sources are concentrated, showed no toxic effect
on crustaceans in two-day experiments.

To explain this discrepancy, we used data on the
chemical composition of Neglinka River water, partic-
ularly, evidence for the active response of the medium
(pH) and the water color. We found that river water
from station N-1, which had a lethal effect on the crus-
taceans, had a very low pH value. In 2014, pH values
were minimum (4.3-5.4) in May, June and November
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Fig.10. Interannual (2014-2015) and seasonal dynam-

ics of the survival rate indices of the crustaceans C. affinis
in water samples from the River Neglinka, pH value and the
water color at stations N-1 (a), N-2 (b) and N-3 (¢); L — left
axis, R - right axis.

Table 10. Contamination pattern and SCWCI values from normalized indices for the River Neglinka.

SCWCI Characteristics of the state of Indicators exceeding MAC
water pollution
Taking into account all the studied hydrochemical indicators
St. N-1 3.25 3b, very polluted pH, Fe_,
St. N-2 5.44 4a, dirty Fe_, O,, BOD, IP, oil product, TSS
St. N-3 3.67 3b, very polluted Fe , BOD,, IP, TSS
Without taking into account regional natural hydrochemical indicators

St. N-1 0 Conditionally clean —
St. N-2 4.96 4a, dirty 0,, BOD,, IP, oil product, TSS
St. N-3 2.63 3a, polluted BOD,, IP, TSS
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(Fig. 10a), when all crustaceans in the samples died.
In August, September and October 2014, the pH value
increased (5.7-6.6) and the survival rate of the crusta-
ceans increased by 80-100%. In 2015, pH was as low
as 4.3-5.2 in all water samples. At these pH values, all
water samples were found to be lethal for the crusta-
ceans C. affinis.

In 2014-2015, river water samples taken at sta-
tions N-2 and N-3, which did not exert a toxic effect,
showed pH values higher than those at station N-1,
varying from 6.5 to 7.9 (Fig. 10 b,c). Median values and
standard errors of the pH of river water for 2014-2015
at three Neglinka River stations are shown in Table 11.

Paired comparison of pH values at three stations
using Mann-Witney’s criterion has revealed a signifi-
cant (p < 0.05) difference between pH values at station
N-1 and between pH values at stations N-2 and N-3.
However, no significant difference (p > 0.05) in the
pH of river water between stations N-2 and N-3 was
found.

Our studies have shown a well-defined difference
in river water toxicity for the crustaceans and in pH
values between all water samples taken from the River
Neglinka (Fig. 11).

It is important that the boundary between pH
values in lethal and nontoxic samples was as narrow
as 0.3 units of pH, varying from 5.4 to 5.7 (Fig. 11).
Hence, low pH values were the main reason for the
death of the animals in water samples taken at station
N-1.

Earlier workers (Belanger and Cherry, 1990)
noted that the threshold levels of low pH values for
the crustaceans Ceriodaphnia dubia are consistent with
the value (48 h) LC 50 for acid water with a pH of 4.6.
Thus, the pH value, shown to be lethal for the crusta-
ceans C. dffinis for 48 h, is very close to the lethal pH
values obtained in experiments on bioassay of Neglinka
River water (4.3-5.4). This is another evidence for the
critical role of pH for the survival/death of the crusta-
ceans C. affinis in bioassay of the River Neglinka water.

In addition, the low pH values of river water at
reference station N-1 are provoked by the high concen-
trations of humic acid supplied into the River Neglinka
from the catchment area paludified in its upper reaches,
as indicated by a high water color varying from 98 to
380 deg. at station N-1 in 2014-2015. The median
values and standard errors in the median water color
obtained at various Neglinka River stations are shown
in Table 11. Low pH values and a high water color are
typical of many rivers in Karelia, because humic acids
are a major contributor to medium acidity (Lozovik,
2013).

The non-toxicity of Neglinka River water in the
urban area seems to be due to the influence of under-
ground water and urban runoff, which contribute to a
rise in the pH of river water (Andronikov et al., 2019).
Besides, as pH increases to 6, iron-humic acid com-
plexes are formed more actively (Fang et al., 2015).
Complexation leads to a decrease in the toxicity of
heavy metals for biota due to a decrease in their bio-
availability (Moiseenko, 2019; Lozhkina et al., 2020).
Thus, as heavy metals are bound by humic acids and
organic matter of human origin, river water becomes
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Table 11. Median values and standard errors of the pH
and color of river water in 2014-2015 at three River Neglinka
stations.

River station pH Water color,
degrees
St. N-1 4.89 + 0.40 260 + 68
St. N-2 7.05 = 0.22 125 + 35
St. N-3 7.29 + 0.17 67 = 36
120
100 * * W Ure 0
80 *
= 60
=
&
2 2
20
0 - o *
20
40 435 50 55 60 65 10 15 80 83
pH

Fig.11. Correlation between the pH of Neglinka water
(abscissa axis) and the survival rate of crustaceans in sam-
ples (ordinate axis) in 2014-2015 (data obtained at three
stations).

less toxic to the alga Chlorella vulgaris (Vishnyakov et
al., 2016).

The precipitation of iron and trace elements (Cu,
Zn, Cd, Sb, W) on the bottom of the River Neglinka
in the urban area and their accumulation in bottom
sediments have been discussed earlier (Slukovskii and
Polyakova, 2017). An abundance of iron oxides, pres-
ent in the River Neglinka, contribute markedly to heavy
metal accumulation on the river bottom. Heavy metals,
e.g. Pb, Cr, Co, Ni, Cu and Cd, accumulated in the tis-
sues of oligochaetes occurring on the bottom of the river
Neglinka. Thus, underground and mineralized urban
runoffs, as well as humic substances, form a geochem-
ical barrier for heavy metals supplied with Neglinka
water into the Onego Lake ecosystem. Toxic substances
flowing from the urban area are accumulated mainly in
the bottom sediments of the River Neglinka. The heavy
metal distribution pattern revealed in the river makes
it necessary to remove toxic mud from the river and to
utilize contaminated material.

Thus, the peculiarity of the ecological situation in
the River Neglinka is connected with influence of min-
eralized underground waters together with humic sub-
stances. These two factors form a geochemical barrier
on the way of heavy metals from the urbanized terri-
tory into the water of the River Neglinka. However, the
identified excess of MPCrx for the content of petroleum
products may determine the chronic toxic effect of river
waters on aquatic organisms (Lukina and Belicheva,
2013). The flow of toxic substances from urban territo-
ries is directed mainly into the bottom sediments of the
river. This explains the absence of acute toxic proper-
ties of the water of the River Neglinka in the urban ter-
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ritory. The results of our studies show that, in addition
to chemical analyses, bioassay should be conducted to
assess toxicity for aquatic organisms endangered by
natural water composition.

5. Conclusions

The regional geochemical characteristics of
studed urbanized Onego Lake tributarie are responsible
for three main problems in water quality assessment.

The first problem is due to high iron concen-
trations supplied with underground water and humic
substances from paludified catchment areas. They are
responsible for low water quality in the reference area
of the River Neglinka unaffected by human activities.
The negative impact of the natural factor on the quality
of water in the River Neglinka determined the method-
ological difficulties which were associated with identi-
fying zones of anthropogenic impact. This problem was
solved by using a modified SCWCI. The calculation of
SCWCI without the chemical composition indicators
reflecting the impact of natural factors were excluded.
The use of a regional approach made it possible to clar-
ify the zones of influence of the anthropogenic factor
on the River Neglinka, which is important for the tar-
geted adoption of environmental protection measures.

The second problem arose from the uncertain
status of the microbiological indices of highly colored
water, because it was not clear whether they show the
impact of natural or human factors. The study of the
link between microbiological and hydrochemical indi-
ces has proved the contribution of bacterioplankton as
an indicator of anthropogenic factors influence despite
high levels of humic acids. We revealed unfavour-
able zone in the River Neglinka using microbiological
indices. Our results were fully consistent with those
obtained from hydrochemical indices. The unsuitability
of the River Neglinka for recreational use was revealed,
which determines the need to carry out measures to
prevent pollution of river waters by runoff from urban
areas.

The third problem was due to discrepancy in
assessment of Neglinka water toxicity during our exper-
iments on crustaceans. High water toxicity, revealed in
the reference area of the river, was due to low pH val-
ues provoked by high humic acid concentrations. In the
contaminated stretches of the river no toxic properties
of its water were revealed due to the contribution of
underground water as a barrier and the ability of humic
substances to form complexes with heavy metals.

We have concluded that highly colored water in
zones affected by human activities cannot be assessed
by toxicological methods alone. Toxicological methods
should be used only together with chemical and micro-
biological assessment to better understand the complex
interaction of natural and anthropogenic factors.
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AHHOTAILHUSL. TIpencraBiieHbl pe3yJbTaThl XMMUYECKUX, MUKPOOMOJJIOrNYECKUX U TOKCUKOJIOTUYECKUX HCCIIe/0-
BaHui 3a 2014-2015 rr. kavecTBa BoJbl IpuTOKa OHexckoro o3zepa (p. HernmHka), npoTekaroiiero mo ypoaHusu-
POBaHHOI TeppuUTOpUU. BriABIeHa BbICOKAs aHTPONOTeHHasA Harpyska Ha M3y4aeMylo peKy: 00beM JINBHEBBIX BOJ]
JIOCTUTaJl TPETHA OT OObEMa PEYHOrO CTOKA, MakcMMasbHoe mpesbimenue [1/IK B nmrBHeBbIX Bofgax mo BITK, Gbuio
80-90-kpatHBIM, 0 HedTenpoaykraM — 50—60-KpaTHBIM, 110 B3BelIeHHBIM BellecTBaM — 40-KpaTHBIM. B BepxHeM
TeueHnu p. HeryimmHka (BHe ropoCKOY TepPUTOPHUI) HCIBITHIBAET BJIMSIHLE 3a00JI0YEHHOTO BOAocO0pa, YTO OTpa-
’KaeTcs Ha XMMHYeCKOM COCTaBe BoAbI (Hu3Kue 3HaueHus pH, Beicokue nokasaTesnu nupeTHocty, XIIK u conepxaHus
obmiero xeyie3a). MeToauyeckue mpo0JieMbl ObUIM CBSI3aHEI C BHISIBJIEHHEM 30H aHTPOIOTeHHOT0 BO3/eMCTBUA Ha
(oHe HEraTUBHOTO BJIUAHUA NIPUPOAHOro pakTopa Ha KauecTBO BOAB! p. HeryimHKY Ha BceM NPOTSXKEHUU ee pycJia.
Hcnosnb3oBanue moaudunposaHHoro YKM3B, npu pacueTe KOTOPOro ObLIN UCKJII0UEHEI [I0Ka3aTes I XUMUYeCKOro
CoCTaBa, OTpa’karliye BINAHNE IPUPOIHBIX (DaKTOPOB, TO3BOJIMJIO YTOYHUTD 30HBI BJIUAHNA aHTPOIIOT€HHOT o (ak-
Topa Ha p. HeryimHky. Mukpo6uosiornyeckue rmokasaresu (o0Ias YucIeHHOCTh OaKTepuii, obmye KordopMHEIe
OakTepuy, canpoduTHbIe 6aKTEPUN) CBUAETEIHCTBOBAJIN O BBICOKO! CTelleHU 3arps3HeHHOCTH p. HersmmHky u oco-
0EeHHO CaHHUTApHO-II0Ka3aTeJIbHON MUKPOQIIOPOH, YTO CBA3AHO C BJIMAHWEM Ha peKy KaK TOUeYHBIX, TaK U paccesH-
HBIX ICTOYHUKOB 3arpsA3HeHus. BolaBieHa HenpUroaHocTs p. HersmmHKY 118 peKpeaioHHOr0 UCII0JIb30BaHUsA, 9YTO
omnpejesiAeT He0OXOAUMOCTb NPOBeIeH!sA MEPONPUATHI 110 NTPeOTBPalleHUI0 3arpsA3HeHNA PeYHbIX BOJ| CTOKaMU
C TOPOJCKUX TeppUTOpUL. BruoTecTrpoBaHye NO3BOJIMJIO BEIABUTH TOKCUYHOCTh PEYHOU BOABI B BEDXHEM TeYeHUH,
YTO OTPaXajo BJIMSHNE PEruoHaJIbHOro MPUPOJHOro GakTopa — BHICOKYI0 3a007104€HHOCTh BOJAOCOOPHOI TeppU-
TOPUH, CTOK I'YMYyCOBBIX BEIIIeCTB, KOTOPble CHU3MJIN BeJIMYMHY pH BOZBI 10 TOKCUYHBIX ypOBHENH. OTCyTCTBHE TOK-
CHYECKUX CBOMCTB PeYHO! BOJBI Ha FOPOJICKUX TEPPUTOPUAX OBLIIO CBSA3aHO C 6ApbepHOU POJIbI0 MOA3EMHBIX BOJ,
MOCTyIJIEeHNEe KOTOPHIX IIPUBOJMJIO K yBesn4deHuto pH BoAbl, 1 KOMILIEKCOOOpa3yolieil ClIOCOOHOCThI0 I'yMYCOBBIX
BeIlleCTB, KOTOPhIE CHIKaJIM OMOJOCTYIIHOCTD TSKeJIBIX MeTasuioB. McciiejoBaHue foKas3aso, YTO OlleHKa KayecTBa
BBICOKOIIBETHBIX DEYHBIX BOJ BO3MOJXKHA TOJIBKO IIPH KOMIJIEKCHOM IPOBEAeHNN XMMHYEeCKUX, MUKpOOHOJIornye-
CKUX U TOKCUKOJIOTMYECKUX HCCIIeJOBaHUM.

Kitiouegsie ctoga: mputok OHEXCKOro o3epa, ypbaHMU3UpOBaHHAA TEPPUTOPUA, XUMHUUYECKUI COCTaB,
6aKTepUOIJIaHKTOH, o0Ire KoJIndopMHble OaKTepun, OO0TeCTUPOBaHNE

Jlia nutupoBaHusa: Makaposa E.M., Kanuaknaa H.M. [Ipo0JieMbl OLleHKM KauecTBa BBICOKOL[BETHOU BOABI NPUTOKAa OHEXCKOTo
o3epa, IPOTeKaIero o ypoaHU3upOBaHHON TEPPUTOPUH, MO FMAPOXUMHYECKAM, MUKPOOMOJIOTUYeCKUM U TOKCHUKOJIOrruYe-
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1. Beepenue Ha Teppuropuu r. IlerpozaBopcka (cTosuia

Pecniy6siuku Kapenusi) B mocjie[iHUE EeCATUJIETUS B
CBA3U C POCTOM KOJIMYECTBAa TPAHCIOPTA U aKTUB-
HBIMU CTPOUTEJIbHBIMU paboTamMu yCUJIMBAeTCA BJIMA-
HUe JINBHEBHIX CTOKOB Ha MpUTOKU OHEXCKOro o3epa,
mpoTekawie B dYepre ropoja (TexkanoBa u Ap.,
2021; Makarova et al., 2022; MakapoBa u ap., 2023).
AKTyasIbHOI CTaHOBUTCA OI[eHKA COBPEMEHHOI'0 COCTO-

B HacTosIee BpeM:A cepbe3HOU MpobJieMol cTa-
HOBUTCSA yXyJIIeHHe KayecTBa BOJABI TOPOJICKUX BOJIO-
€MOB U BOJOTOKOB, IIOCKOJIBKY C Pa3BUTHEM rOpOJOB
aHTpONOreHHasA Harpys3ka Ha Hux Bo3spacraetT (Liu et
al., 2017; Kong et al., 2021; Zhang et al., 2021; Akhtar
et al., 2024).
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AHWASA IPUTOKOB, IPOTEKAIIINX 110 ypOaHNU3MPOBaHHOM
Tepputopuu. OJHaAKO, peruoHajibHEle OCOOEHHOCTHU
XMMMYECKOr0 cOoCcTaBa BOJbl (BBICOKME LBETHOCTb U
cojiepxaHue xeje3a, IOHWXeHHble 3HaueHus pH u np.)
YCJIOXHSAIOT 3a/javy OLIeHKH ee KauyecTBa.

PervoHasbHble  OCOOEHHOCTH  XMMMYECKOro
cocTaBa IOBEpPXHOCTHBIX BoAd Kapesuu onpenessaioTcs
TYMHUIHBIM KJIMMaTOM U reoMop¢OJIOTHYecKUMU OCO-
OEHHOCTAMHN TEeppUTOPUM: HHU3KasA CcpeJHerofgoBas
TeMmnepaTypa Bo3AgyxXa M K30BITOYHOE YBJaXHEHUe,
a TaKke HaJMuuie BHIXOAA Ha IOBEPXHOCTh JPEBHUX
kpucrasummueckux nopop (Jlykamos, 2004; TexaHoBa
u 1p., 2018). B Takux ycJI0BUAX NOBEPXHOCTHBIE BOJIbI
Kapesnbckoro rugporpaduieckoro paiioHa OTJINYaTCA
BBICOKOI M3MEHYMBOCTbIO COAEpKaHUA MHUHepasbHBIX
Y OpraHn4ecKUX BelllecTB, jkejle3a, OOreHHBIX 3JIeMeH-
TOB, rasoBoro cocrasa u pH Boawl. Tak, MuHepasmu3a-
LA B TIOBEPXHOCTHBHIX BOJAaX M3MeHsAeTCA B IINPOKUX
npenenax (5-460 mr/n, cpegHee MenuaHHOe 3Haye-
Hue — 19 mr/n). Cpeiu KaTUOHOB MIPe0bsIaJaloT MOHbI
Ca?*, Mg?* u peako Na*. B cocTraBe aHMOHOB HapAAY
¢ rugpokapboHaTaMM 3a4acTylo BEICOKA [10JIA aHUOHOB
OpraHMYecKHX KHCJIOT, & B HU3KOIEeJIOYHOCTHBIX BHICO-
KOTYMYCHBIX BOJIaX OHU JOMUHUPYIOT (JIo3oBuK, 2006;
Lozovik, 2013). BesieqcTBre BEICOKOM 3a00JI0UEHHOCTH
BOJOCOOPOB, peyHbBle BOABI XapaKTepU3YIOTCA IOBHI-
IIeHHBIM cojJiepXaHheM T'yMyCOBBIX BelllecTB, 4TO, B
CBOI0O ouepefb, 00yCJIaBJMBAeT, BBICOKYIO IIBETHOCTHb
BOJIbl, BBICOKOE cojiepXaHue OOIIero xesesa, a Takxe
KHCJIyI0 peaklyio cpelbl. OTU (akTOpPH MOTYT Hera-
TUBHO BO3JIEHCTBOBaTh Ha OMOTYy BOAHBIX 3KOCHCTEM
(James, 1991a; b; Arvola et al., 2014; TexaHoBa u Jip.,
2018).

Hacrosmee uccyieqoBaHue OCBAIIEHO U3yYeHUIO
OJHOTO U3 IpUTOKOB OHexXcKkoro o3epa — p. Hernnnke,
npoTekaroleil 1o tTeppuropuu r. Ilerpo3aBoncka. Ha
OCHOBaHMM INpoTOKoJIa KoMmuccuu no ycTaHOBJIEHUIO
KaTteropuil o0beKTOB PHIOOX03ANCTBEHHOI0 3HAauYeHUs
U1 ocobeHHOocTel NOOBIYH (BBLJIOBA) BOAHBIX OMOJIOTHYe-
CKUX pecypcoB, oOUTalonux B HUuX, CeBepo-3anagHoro
TeppUTOpPHUAIbHOIO  yIpaBjeHWsa Pocpbl00I0OBCTBa,
No 3 ot 11.04.2013, p. HernuHke nprcBoeHa BEICIIAsA
KaTeropus pbeIOOXO3ANCTBEHHOro 3HaueHU:A. OpHaKo
peka HCHbITHIBAaeT CHUJIbHelllee 3arpsA3HeHUe JIMBHe-
BEIMU CTOKaMU ropoja. B Hee Tarke mocTymnawT OHo-
reHHble BelllecTBa C TEPPUTOPUII YacCTHOTO CEKTOpa,

0CcO0EHHO BO BpeMsA MaBOAKOB. BoJbl peku 3arpA3HAIT
[Terpo3aBoackylo ry0y OHeXCKOro o3sepa, KOTopas
CJIy>)KUT HCTOYHMKOM NUTHEBOIO BOAOCHAOXeHUA AJIA
HaceJIeHUA.

Peka HersnHka B BepXHeM TeyeHHUU IIpOTEKaeT
cpenu 00JIOT, U3 KOTOPHIX BO BpeMsA BeCeHHero MaBojika
B peKy IOCTyHalT BBICOKOIYMycHble BoAbl. Iloiima
3aboJio4yeHa U cJIoXeHa TOP(PAHUCTHIMU U NecYaHbIMU
rpyHTamMu. JTU (GakKTOpel OOYCJIOBJIMBAIOT BHICOKYIO
1BeTHOCTh BoAbl B peke (Puc. 1) (bopoaynuna, 2013;
Kapmeuko, 2013).

Kpome BiuaHua 3a007104€HHOCTHU, Ha XUMHU-
4YeCcKUH cocTaB BoAbl p. HersmHKM OKa3bBalOT BO3-
JelcTBHe OCOOEHHOCTH MOACTHJIAIIINX  IOPOA.
Tepputopus r. [leTpo3aBojicka pacnoJioxeHa B Iipefie-
Jlax cybapre3naHcKoro OacceiiHa, BKJIIOYAOLIEro Hau-
0oJjiee BONOOOMJIPHBIM HIXXHEKOTJIMHCKHI BOJOHOC-
HBII TOPU30HT, KOTOPHIN MEePEKPHIT MOITHON TOJIIeH
YeTBepTUYHBIX OTJIOXeHu#l. Cpeau HUX BBAEJIAIOTCA
OHEro3epcKuil MeXMOPEHHBI BOJJOHOCHBINI TOPHU30HT
1 TPYHTOBBle BOABI JIEAHUKOBHIX W 03€PHO-JIEJHHUKO-
BBIX IIeCUYaHBIX U CyIeCYaHBIX OTJIOXKEHWH. DTH BOIBI
BCcKkphiBaloTcs poanukamu (Kpyrckux u ap., 2016),
YTO U OIpefesAeT INOCTyIUJIeHHe POAHUKOBBIX BOJ B
p. Hernuaky B ee cpeqHeM teyennu (Andronikov et al.,
2019). IloctymieHre MoA3eMHBIX BoJ OOycJjiaBjMBaeT
H“3MeHeHus obiieli MuHepaau3alyy BOALL B peKe BJI0JIb
o teueHuio ot 35 o 400 mr/n (Bopoaynuxa, 2013).

B ycnoBuAX KapeJIbCKOr0 perdoHa akTyaJIbHOM
Ipo0JIeMO¥ CTAHOBUTCA OlleHKa BJIMAHUA aHTPOIIOTeH-
Horo ¢akTopa Ha KauecTBO peyHBIX BoA Ha (poHe NoCTy-
IJIeHUsA OO0JIbIIOro KoJIM4ecTBa I'YMYCOBBIX BeIecTB
(pervoHasbHBIN NPUPOAHBIN (AKTOP), KOTOPEIE Ompe-
JeJIAI0T TOBHIIEHHYI0 [IBETHOCTh BOABL. BBHIy Takoro
cnenu@uUYHOro BJIMAHUA PErMOHaJIbHOTO NPHUPOJHOTO
daxtopa crasnio BaxHbM AuddepeHIMPOBaHHO oOlfe-
HUTb BO3JelCTBHE NPUPOJHOIO M AHTPOIIOTeHHOI'O
(daxTopoB Ha KauecTBO BOABI pP. HeryJimHKY, OCKOJIBKY
coBpeMeHHBIe Kjlaccu(HuKaTOphbl KauyecTBa BOAB! IIped-
Ha3HayeHBl [JIA OLleHKM aHTPONOIeHHOIo BO3[Ael-
CTBUA, TJIaBHBIM 00pa3oM, CBETJIOBOAHBIX BOJOEMOB.
Jlo Bacrosmero BpeMeHH OTCYTCTBOBAJId KOMILIEKC-
HEIe Ce30HHbIe KcCJIeJIoBaHus, T03BOJIAINIME JaTh pas-
HOCTOPOHHIOI0 OLleHKY KayecTBa peYHOH BOJBI U Olle-
HUTH BJIUSHNE PEeYHBbIX BOJA Ha OMOTY.

Puc.1. O6muii Bup p. HersuHkuy: cpefiHee TeueHue (a), ycrbe peku (6).
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ue)’[b JAaHHOI'o HCCJIeAOBaHMA — OLEHUTH Kaue-
CTBO BO/JIbI FOpOI[CKOfI p. HeranHku nmo XvMHU4ecKuwm,
MI/IKpO6I/IOJ'IOFI/I‘{eCKI/IM N TOKCHKOJIOTMYECKHMM IIOKa3a-
TE€JIAM C YYE€TOM PErOHaJIbHbIX 0CcOOeHHOCTEN XUMU-
YEeCKOro cocraBa BO/JBI.

2. MaTtepuanbl U MEeTOAbI MCCAEAOBAHUA
2.1. Onucanme obnacTu uccrnepoBaHusa

Jununa p. Hermuuku — 14 xm. I'myOGuHa BOfoO-
TOKa BappupyeT B npefenax 0.2-0.5 M Ha HOpOXU-
CTHIX y4YacTKax U 10 1-3 M — Ha ILJIECOBBIX y4YacTKax.
CpeIHEMHOrOJIETHUI pacxof Bomdbl B peke — 0.5 m3/c.
[Inomanps BOmOCOOpPHOI TeppuTOpuUM peku — 46.1
KMZ, ee 3a60JI04eHHOCTh — 13%, 03€pPHOCTh — MeHee
1% (Kapmeuko, 2013). IlutaHue cMmemaHHOTO THUIIA.
[ToBepxXHOCTHOEe TIMTAHUE OCYIIEeCTBJIsIETCS 3a CuYeT
TasgHUA CHETOB U BBIMMAJIEHUA JOXOEBBHIX OCAAKOB, MOJ-
3eMHoe — pogHukamu (BopoaynuHa, 2013). Jlemocras
HauyMHaeTcs B HOsIOpe — lekabpe, CHEr CXOJIUT B ampeJie
— Mmae. [To BenmuuHe ykJioHa p. Hernmnka 6m3ka k
pekam mosiyropHoro tuma (7.6%o) (Slukovskii and
Polyakova, 2017).

2.2. OT60p NpPO6

OT160p 11po0 BOABI IPOU3BOAMIICA B IIEPHOA C Mad
1o HosA0ps B 2014 r. u ¢ Mas 1o okTaA6ps B 2015 r. Ha
pa3ynyHBIX y4yacTkax p. Hernmuku. Crannuum orbopa
po0 HaXOWJINCh KaK 3a [pefiesiaMy FOpOACKON YepTh
(ct. N-1), tak u B uepre ropoaa (cr. N-2, ct. N-3)
(Puc. 2). B 2014 r. oTMeueH BeCEeHHUH ITaBOIKOBBIM
nepuoA Ha p. HernuHke B Mae 1 HeOOJIBIION OCEHHUIT
— B OKTsAOpe—Hos16pe. B 2015 r. B nepuop or6opa oT™me-
YyeH TOJIPKO BeCeHHHI NMaBOAKOBHIN NepHoJ — B Mae,
OoCTajibHble MpOOBI OTOOpaHbI B MeXEeHHBII Nepuof
(Puc. 3). IIpoGbl oTOMpany B MOBEPXHOCTHOM CJIOE
BOJBl M3 IeHTpaJIbHOM 4YacTu TeueHHA. Boma makcu-
MaJsbHO nporpesasachk B 2014 r. o 15 °C B aBrycre, B
2015 1. — go 13 °C — B utone (Puc. 3).

B 2014 r. gna aHaim3a XMMHUYECKOT'O COCTaBa
BOJIBI Ha KaXJI0OM CTaHIUU OBLIO OTOOpaHO ceMb Mpob
BOJBI /1A onpefesieHus pH, 1iBeTHOCTH, MepMaHraHar-
Holl okuciissemoctu (I10), coepxxaHus pacTBOPEHHOI0
B BoJe Kwuciopona, BIIK,, comepxaHus OMOTEHHBIX
semects (NO,,NO,, P o P ), B TOM umcJie, ATh Mpo6
(MIOHB—OKTAOPD) — I ompenesieHUs HedTeNpoAyK-
ToB. B 2015 r. Ha KaxAol cTaHUUM OBLIO OTOOpPAHO
necTb Npo6 BOABI AJIA onpefesieHus pH, nBeTHOCTH,
coZiepXaHusi paCTBOPEHHOTO B Bojie Kucaopoaa, BIIK,,
XTIK, B3BemeHHBIX BellecTB (BB). B maATH npoGax BobI
(MIOHB—OKTAOPH) OIpeJiesIsAyiv coJiepXkaHne 61OreHHbIX
BemectB (P . , P JYuFe B Tpex npobax (Mali, UioJib,

o6~ MuH o6y’

CeHTAOpPD) — HePTeNpOayKTHI.

2.3. MeToabl XMMHYECKOro aHaAu3a

Bce o6pa3ipl 6611 cOOpaHbI, COXpaHEHHI U MPO-
aHaAJIM3UPOBAHBI B COOTBETCTBUU C MEXIOCYOAapCTBEH-
HBIM cTaHaapToM «Boma. O6mue TpeGoBaHUA K 0TOOPY
npo6» ('OCT 31861-2012). [ina onpefesieHUs XUMUYe-
CKUX TTapaMeTPOB BOMABI MPUMEHSIN OOLIENPUHATHIE B
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Puc.2. Kapra-cxema crannuii orbopa npo6 (kpacHsle
Kpyru) u JuBHeBBIX cTOKoB (Ne 1-10) (¢puoseTroBbie KBa-
napatsl) Ha p. Hersmake.
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Puc.3. Temneparypa u pacxon BoAnl B p. HernmHke B
2014 —2015 rr.; L — neBas ock, R — mpaBas ocb

rUPOXMMHYECKON MpaKTHKe aHaJIUuTHU4YecKre MeTOJIbl
(Tabsnura 1). [MonyueHHBIe pe3yJIbTaThl CONOCTABJIILIN
¢ HOpMaTHBaMU IpeJieJIbHO JOMYyCTHMBIX KOHI[eHTpa-
{1 BpeJIHBIX BENIeCTB B BOJIHBIX 00bEKTax phIOOX035ii-
CTBEHHOro 3HaueHus PO (H,Z[pr) (O6 yTBepxaeHUM. ..,
2023).

711 KOCBEHHO! OlleHKU cofiepKaHUsA I'yMyCOBbIX
BemectB B BoAe II.A. JlozoBukom (2013) 6vUsI0 mpen-
JIOXKEeHO HCIIOJIb30BaTh IOKa3aTesb I'YyMYCHOCTU BOJIBI
(Hum), paccuurtsiBaeMoti o ¢hpopmy.ie:

Hum = \/HTHO , €. TYMyCHOCTH
rae, LIB — 3HaYeHMe LBETHOCTU BOMBI, I'pal.;

[10 — nepmaHranaTHasA OKUCJIAeMOCTb, Mr O/

2.4. Pacuet yaAeAbHOro KombunaropHoro
MHAEKCA 3arpA3HeHHA BOAbI

OneHka 3arpA3HEHHOCTU 10 XUMUYeCKUM II0Ka-
3aresiaM p. HersmHkuy BeinosiHeHa B 2015 r. coriacHo
PYKOBOAAIIEMY OOKYMeHTY «MeTod KOMILIEKCHOM
OILIeHKU CTeleHM 3arpA3HEeHHOCTH NOBEPXHOCTHBHIX BOJ
10 THAPOXUMHUYECKUM IIoKazaTessaiM». [1o xumMuyeckum
MoKa3zaTesAM PpPacCUUTHIBAJIM yAeJbHBIA KOMOWHa-
TOPHBIN UHJeKc 3arps3HeHus Boabl (YKU3B) — meton
KOMIJIEKCHOY  OIIeHKM CTelleHW 3arpsA3HeHHOCTH,
KOTOPBIN MO3BOJIAET OJHO3HAUYHO CKaJIIDHON BeINYu-
HOU oneHUTh 3arps3HeHHocTh (P 52.24.643-2002).
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Ta6smna 1. MeTobl XMMHUYECKOro aHaJIM3a.

ITapameTpsl Mertoas! onipeaeIeHUA l'I,[[K]lx
pH [ToTeHnoMeTprYeCcKoe onpepesieHre 6.5-8.5
CTEKJIIHHBIM 3JIEKTPOIOM
IIBeTHOCTB, Tpaf. ®doTomeTpuueckoe onpefesieHne, A= 410 nm —
Cr-Co mmkaj.
Fe ,wmr/n ATOMHO0-a6COPOIMOHHBINA METOZ € IJIAMEHHBIM PacHblIEHUEM 0.1
I10 mr O/n TuTpruMeTpuuecKkoe onpeziesieHUe B KUCIIBIX cpeaax (MeTon —
Ky6ers)
XTIK, mr O/n JluxpoMaT CEPHOKUCJIOTHOE OKHCJIEHE OPTraHUYeCKUX —
BElIeCTB U TUTPUMeTpUYecKoe olpejiesieHre ¢ GepporuHOM
O,, Mr/n CcTaHAapTHHIN MeTo BuHKIIepa > 6.0 B meprof OTKPHITOU BOABI
BIIK,, mr O,/n1 OnpenesieHne CKJIAHOYHBIM MeToaoM BuHkiiepa <21
BB I'paBuUMeTpUYecKoe omnpejesieHre, MeMOpaHHbIN GuibTp 0.45 ¢oH +0.25
MKM
NO,~, mr N/ CnekxTtpodoToMeTpuiecKnii MeTo[ ¢ cyiabdaHmIaMuaoM u N—- < 0.02
(1-HadTun)-3TUIEHAUAaMUHAUTUAPOXTIOPUAOM, A = 543 nm
NO,, mr N/ Boccranossienne o NO,~ ¢ MOMOLIBI0 KOJIOHKH [Jisi BOCCTa- <9
HopseHus Cd u onpezenenue kak NO,-N
P . MKr P/1 CnekTpo(pOTOMETPHYECKUI METOA C BOCCTAHOBJIEHHEM —
MoJsmbaaTa aMMOHMA U aCKOpOMHOBOM KUCJIOTHL 10 pocdaTo-
MOJIMOJ€HOBOM IeTepONOJINKHUCIOTHL., A= 882 nm
Poﬁm, MKT P/n OkucJieHre OpraHUYeCcKUX BellecTB KZSZO8 B KHUCJIBIX Cpefax u —
onpefesenue PO P.
HedTenpoaykrsl, HubpakpacHbIll ClIeKTPOMETPUUYECKUI METO 0.05
Mr/J1
IIpuMeyaHue: «—» — He HODMUPYETCA.

MeToauuecKo OCHOBOI KOMILJIEKCHOI'O cIloco0a ABJIS-
eTcA ONHO3HAYHAsA OlleHKa CTelleHU 3arpsA3HeHHOCTU
BOABI BOJHOTO O0BEKTa MO COBOKYIIHOCTHU 3arpsA3HSAI0-
I[AX BeL[eCTB: JIA JIO0ro BOAHOTO 00BEKTa B TOUKE
oTbopa mpob BOJIbI; 3a JIIOOOI ONpeesIeHHbIN poMe-
)KYTOK BpeMeHH; MO JII000My Habopy THApOXUMUYe-
CKUX TIOKa3aTeJiell. B kauecTBe HOpPMAaTHBAa WCHOJIb-
3YIOT IIpeesIbHO JOMyCTUMBbIe KOHIIEHTPaluy BpeJHbIX
BEIIECTB IS BOIBI PHIOOXO3SAVICTBEHHBIX BOJOEMOB
(I'[L[pr) — Haubosiee xectkue (MUHHMAaJIbHBIE) 3Ha-
YeHUS M3 COBMEI[EeHHBIX CIIKCKOB, PeKOMEHOyeMbIX
OJIA TOATOTOBKM HMHMOPMAIMOHHBIX JOKYMEHTOB IO
KauecTBy moBepxXHOCTHBIX Bof (P 52.24.643-2002).
3Hauenue YKIM3B omnpepesiseTcsa Mo 4acToTe U KpaTHO-
cty npesbimeHns [1JIK 0 HECKOJBKUM IOKa3aTeJIsAM.
BosplieMy 3HaueHUI0 MHAEKCA COOTBETCTByeT XyAllee
Ka4eCcTBO BOJBI.

2.5. MeTtoabl MMKPOGHOAOrHUECKOIO
aHanmsa

O6masi 4ncJIeHHOCTh GaKTepuil ompenessiach
METOJOM IPsMOIO cueTa Ha YepHHBIX NOJIMKapOOHAaT-
HBIX TPEKOBBHIX MeMOpaHax (Dnop = 0.2 MKM) mpous-
BoacTBa Whatman Ha JIIOMHHECHIEHTHOM MHKPOCKOIIE
MUKME/I-2 (yBesmuenue X 1600) c mpenBapuTeib-
HBIM OKpAaIlMBAaHWEM KJIETOK AaKPUANHOBHIM OpaHXe-
BeiM (Handbook of Methods..., 1993). CanpoduTHbie
O6aktepun (CB) BblpamuBajgyM Ha pbI0O-IENTOHHOM
arape (PITA) B Teuenne 5-10 cyT. mpu 22 °C (Ky3He1oB
u [ybununa, 1989). [{na onpenesieHus OOIMIUX KOJIU-
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dopmubix Oaxrepuii (OKB) mpobbl BoAbl (PUIIBTPO-
BaJn yepe3 MeMOpaHHbIe PUIIbTPHI (DHop = 0.45 MKM),
GuIbTpEl NOMeIlaIN Ha arapu3oBaHHYIO cpedy OHJO
n uHKyOuposaiu npu 37 °C B tedueHue 24 u. [locie
HMHKYyOaliy BBITOJIHAICA IIMTOXPOMOKCHIA3HbII TeCT.
YuutsBayiuch crienudryeckre KOJIOHUU, KOTOpble He
M3MEHWJTU CBOI0 oKpacky (MYK 4.2.3690-21).

OneHKy KaudecTBa BOJBI [0 MUKpPOOHOJIOTHYe-
CKUM IIOKa3aTeJIAM BHIIOJIHAIN 10 OOLIENPUHATOMY
B POCCUMCKON BOJHON MUMKPOOMOJIOTHHU «IIOKa3aTeJIio
kavectBa Boj» (Pomanenko, 1985; [3w6an, 2000),
oTpaxarmieMy oo (%) canpoduTHHX GakTepuil B
obmem KosmvecTBe GakTepromiaHkToHa (Cb/0UB, %).
[ITkasia 3TOro nokasaTeJisd BHIJIAAUT CJIeAyIOMUM obpa-
3om: < 0.003 - ocob6o uucras; 0.003-0.03 — uuncras;
0.03-0.1 - cnabo 3arpsasHenHas; 0.1-0.3 — 3arpsA3HeH-
Hasd; 0.3-3.0 — rpasHasg; > 3.0 — ocobo rpsaszHasa. A
KOPPEeKTHOH OlLleHKU KayecTBa BOZHI IO 0OIIell YrcjieH-
HOCTU OaKTepUOIUIAaHKTOHA B COOTBETCTBUU CO IIIKa-
Joii B.U. Pomanenko (1985) (cBeToBast MUKPOCKOMNA),
OBLI UCIIOJIB30BaH KodddureHT 2.06 nyA nepecuera
Ha HOBBII MeToA (3nudJiiyopeclieHTHas MUKPOCKOIINSA)
(Makarova et al., 2022).

2.6. buorecTupoBaHue

OmHOBpeMEHHO € OTOOpoM Npo0 Ha XUMHYe-
CKU W MUKPOOMOJIOTMYECKUI aHaJin3 B BECEHHUU,
JIETHUII M OCEHHUH Ce30HBl OTOMpaii IPOOHl BOJBI
p- Hernmuueku ama 6uorectuposanusa. B 2014 r. npo6o1
BOABI AJ1s1 OMOTEeCTUPOBaHUA OBLIIM OTOOpAaHHI Ha CTaH-
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nusax N-1, N-2 u N-3 (Puc. 2) B Mmae, uioHe, aBrycre,
ceHTAOpe, OKTsAOpe u HosAOpe (Bcero 6 cepuii ONBITOB,
18 npo6 Bozel). B 2015 r. Ha craHuuax N-1, N-2 u N-3
poObl OTOMpaIu B Mae, MIOHe, hloJjie U aBrycre (Bcero
4 cepuu onbITOB, 12 1po® BoAbl). [Ipo6BI peyHOlT BOLBI
noMeniaayd B IjlacTMaccoBble OyThUIM 00beMoM 1 J1 1
HeMeJJIEHHO IOCTaBJIAIN B JJabopaToOpHIo.

B kauecTBe TecT-0o0beKTa MWCIOJIb30BAJIU BeT-
BucToycoro pauka Ceriodaphnia affinis Lilljeborg (cuno-
HuM Ceriodaphnia dubia Richard, 1894). BnepBsie 3TOT
BUA OB Ipe/JioXKeH AJIA UCIOJIb30BaHUA B KauyecTBe
TecT-00beKTa IIPU OlleHKe TOKCUYHOCTU BOJHO! CpeJibl
B pabote (Mount and Norberg, 1984). HOna ueneii
O6UoTeCcTUPOBAHUA IUIAHKTOHHBEIN padok C. affinis B
2008 r. 6bL1 1106e3HO npeaoctaBaeH UHCTUTYTOM 610-
Joruu BHyTpeHHuX BoAd PAH u B paspHeiileM KyJib-
TUBUpOBaJIcsl Ha Oase JylabopaTopuu rUApoOHOJIOTHUU
WHctutyTa BoaHBIX mpobsiem CeBepa KapHI[ PAH
(Kalinkina et al., 2013). PaukoB C. dffinis KyJIbTUBU-
pOBaJIi C UCIOJIb30BaHUEM I'PYHTOBOI BOZBI, KOTOpas
XapakTepu3oBajach CJIeAYIOMUM XHMWUYeCKHM COCTa-
BOM: cozepxaHue Na* — 7-19 mr/n; Kt - 2-4 mr/m;
Ca** — 12-24 mr/m; Mg?** — 4-11 mr/it; HCO,” - 31-58
mr/n; CI- - 8-21 mr/m; SO,> - 15-40 mr/i; cymma
noHoB — 100-200 mr/n (Boxubele pecypchl..., 2006).
BenuuuHa pH rpyHTOBOI BOABI BapbHpoBasa B Ipefe-
nax 8-8.3. PaukoB B KyJIbType KOPMUJIU OJHOKJIETOY-
HBIMU 3eJieHbIMU Bojiopocsisimu Chlorella vulgaris.

CxeMa ONBITOB MO OHOTECTUPOBAHUIO BOJBI
p. Hersuuku Oblla OopraHus3oBaHa B COOTBETCTBUM C
yTBepXJeHHBMU B Poccuy MeToAaMy, peKOMeH/I0BaH-
HBIMU 711 6MIOMOHUTOPUHTAa BOOHBIX 00bekTOB (PKmyp,
1997; MeToauka onpefejieHusi TOKCUYHOCTHU..., 2007),
a TakKe CorjlacHO MeXAYHapOJHBIM CTaHAapTHHIM TOK-
cukojgorndeckum MetoaaM (Oslo and Paris Commission,
1997; USEPA, 2002). Ilocsie npuBeieHNs TeMIIepaTypPhl
06pa3noB peyHOIl BOAbl K KOMHATHON TeMIeparype
HauyHanu OuoTrecTupoBaHue. TemmepaTrypa BOABL B
ombITax 3a Bech mepuop 2014-2015 rr. BapbupoBasna
B 3aBHCHMOCTH OT Ce30Ha MCCJIeJOBaHUH B Auana3oHe
18-25 °C. OpHako B mpefejiax KaXxAoro 2-CyTOYHOTO
SKCIIepUMEHTA B OTHEJIbHOH cepuy B pa3Hble MecHAIbl
BapbUpOBaHKe TeMIlepaTypbl BOABI He IPEBHILAJIO
0.5-1 °C. Ilpu GuoTeCcTHpPOBAaHUM PEYHBIX BOJ IpHMe-
HAJIY BapuaHT dKcllepUMeHTa CO CTaTU4eCKUMU YCJIO-
BUAMHY, NIPU KOTOPOM TeCT-OpraHW3MBI NIOABeprajnch
BO3/IeliCTBUIO U3yyaeMol BOOHON cpe/ibl (peuHas BoJa)
B TeueHHe Bcero nepuoja UCHbITaHWMI Oe3 3aMeHB
cpednl Ha cBexylo. IIpoJoODKUTEbHOCTh 3KCIlepu-
MeHTa cocTaBua 48 yacoB. B onblTax KCNOJIB30BaJU
ocobeti C. affinis B Bo3pacTte 2 cyT. ONBITH TPOBOIIN
B JIByX NOBTOpax. B kadecTBe KOHTPOJIbHOH CpeJbl
HCIIOJIb30BaJId IPYHTOBYIO BOAY, XMMUUYECKUI COCTaB
KOTOpPOI mpeAcTaBjieH Bbille. OObeM KOHTPOJIBHOM
cpeJibl U TeCTUPyeMOI peuyHO! BOABI B KaXJ0U OBTOP-
HocTH cocTaBsil 100 mut. B kaxAwiil cocy] moMelnaiu
10 5 3K3. paykoB. B ombITax paykoB He KOpMuiIu. B
KOHIIe 3KCIepruMeHTa OlleHHBaJl BBDKMBAeMOCTh pauy-
KOB Kak IpOILIeHTHOe OTHOIIeHHe KOHEYHOI'o KoJjnye-
CTBA BBDKMBIIMX OcCO0ell OT WX HayaJbHOIO KoJnde-
ctBa. Kpome TOro, B KOHIle 3KCllepUMeHTa YYUTBIBAIN
oOIiee COCTOSHHE PAYKOB 10 aKTUBHOCTU UX IlepeJBU-
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XKE€HUA B COCyA€ 1 HAIIOJTHEHHOCTHU BBIBOJKOBBIX KaMeEp
MOJIOABIO.

2.7. XapaKkTepucTHKa aHTPONOreHHOM
Harpy3ku Ha p. HerAmHky

Hcrounukamu 3arpsasHeHus p. HersimHku ABjiA-
I0TCA JIMBHEBble CTOYHBle BoAbl I. IleTpo3aBopcka,
caMoOTeuHble CeTH KaHajW3allM, CTOK C CeJUTeOHON
TepPUTOPUH, CTOKU XKeJIe3HOLOPOXHOIO Jero U T.A.
(TocymapctBeHHBIN AoKIAL ..., 2000-2022).

[lo odunuaspHBIM JaHHBIM OTAeja 3KO0JIOrMU
Mapuur.Ilerpo3aBojcka, B p. Hersuuky Bnagatot 10 1muB-
HeBbIX cTOKOB (Puc. 2) o6muM o6seMoM 0.004 km3/rox,
KOTOPBIE COCTAaBJIAIOT TPeTh OT obigero oobema (0.013
KM>/TO[{) pe4YHOro CTOoKa. JlaHHbIe O 3arps3HAI-
IMUX BellleCcTBaX JIMBHEBBIX CTOKOB IIpeJiCTaBJIeHHl B
Tabnune 2.

B 2014 r. npesoilieHue H,Z[pr no BIIK, wu
HedTrenpogykTtam Habmogasocs B 9 crtokax us 10.
(Tabnuna 2). MakcuMasibHasi KpaTHOCTDb NPEBBIIIEHUS
1'[,[[1(px no BIIK, mouru B 80 pa3 oTMeyasiach B CTOKe
No5. KomnuecTBo HeTenpoAyKTOB ObLIIO MaKCHMaJib-
HbIM B cToKax No6 u No7 — S52I1AK u 56I1/IK, cooTBeT-
ctBeHHO. CToku No5-Noel(Q mmeny npeBbIIeHUs I'I,II[Kpx
110 KoJIn4ecTBY BB, ¢ MakcHMabHEIMU IIPEBHIIEHUAMUI
1'[,[[1(px B 40 u 36 pa3 B crokax Nol0 u Ne6, coorBet-
CTBeHHO. [IpeBblllIeHNsA HOPMAaTUBOB IO XJopuAaM He
0TMeuaJioch.

B 2015 r. orbop mpo6 JIMBHEBBIX BOA IIpO-
n3BoqUIN B 9 cTOKax, cTOK NolQ He y4uMTHIBAJIU.
[Tpesbimenvie BIIK, HaGJroganocs B 7 cToKax us 9, mpu
9TOM MakcuMmajbHasa kpatHocTs IIJIK —oTMeuasacs,
kak u B 2014 r., B ctoke No5 (94 H,Z[K) [TpeBbiieHIE
HOpMAaTHBOB N0 HedTenpoAyKTaMm ObLJIO OTMEYeHO BO
BCceX CTokax. MakcuMaJsibHble KOHIleHTpauuu Hedre-
MIPOAYKTOB BBIAABJIEHHI B cTOKax No5 u No7 — B 52 u 57.6
pasa, coorBeTcTBeHHO. ConepxxaHue BB ObIO IpeBHI-
II€HO TOJIBKO B cToKax Nol, No8 u No9 B cpennem B 1.9
pasa. IIpeBrbilieHNsA HOPMATUBOB IO XJIOpHUJOAM OTMe-
4eHO He OBLIO.

Ta6uauna 2. 3arpsAsHAKIINe BelllecTBa B BoJe JIMBHEBHIX
cToKOB I. IleTpo3aBojCcKa, MOCTyHamumx B p. HerjmHKy B
okTa6pe 2014 r. u utoye 2015 .

IToxa3aTesnb IIAK | Oxktsa6ps | IIAK Hionp
2014 2015
min — max* min —max
M=m M+=m
BB, mMr/n 4.25 2—-167 23.75| 4.1-192
55+20.4 69.9+22.5
BIIK,, 2.1 1.8—-167 2.1 | 0.58—-198
mr O,/ 26.5+15.8 28.8+21.2
Hedrenpoaykrs, | 0.05 | 0.04—2.8 | 0.05| 0.1—-2.88
MT/JI 0.97+0.32 1.21+0.39
Xsopupasl, Mr/a | 300 4-72 300 16.8—96
25.2+10.7 49.7+18

I[Ipumeuanme: *min—max — MHUHUMAaJIbHblEe U MaKCU-
MaJibHble BeJIMYUHB, M+ m — cpefHsAs BeJIMYMHA U omubKa
cpenHedl. [l pacuera H,I[pr B3BellleHHBIX BemlecTB (BB)
rcnosb3oBaiu B 2014 r. — naHHBIE OT/AeJia SKOJIOTUU M3pUU
r. [leTpo3aBojcka, B 2015 r. — co6cTBeHHble JaHHEIE.
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2.8. CtaTucTHUECKUM aHaAU3

B kadecTBe CTaTHCTUYECKUX XapaKTepUCTUK
W3MEeHUYMBOCTH XMMHUUYECKUX IIoKa3zaTesiell pacCUUTHI-
BaJI Me[VaHHble 3HaUYeHU 10 BBIOOpKaM U CTaHAapT-
Hyl0 ommOKy. {1 cpaBHeHUA BEIOOPOK U BHIABJIEHUA
Ce30HHBIX H3MEHeHUIl MpHUMeHsIN HelapaMmeTpuie-
CKre MeTOABl CTAaTUCTUKU: KO3DQUIMEHT Koppesd-
nuu CnupMmeHa, HellapaMmeTpuueckuil aHanu3 ManHa
— YurtHu. [Ipu onjeHKe JOCTOBEPHOCTU Kod3ddunneHTa
KOppeJIALIMM HCIOJIb30BAaJICA YPOBEHb 3HAaYMMOCTHU
0.05.

Jl7ia u3ydyeHus CTPYKTYphl CBA3eN Mexay IoKa-
3aTeJIAMU XUMHUYECKOro COCTaBa BOJBI MCIOJIb30BaJIU
MeTo/[1 rJ1aBHbIX KoMInoHeHT (MI'K). OcHOBOM AJIs1 3TOr0
aHajgu3a [OCIYXWINW Jorapu@MUpOBaHHbBIE XUMU-
yeckye IoKa3zaTesd C IeJIbl0 CHU3UTh COOTHOIIeHHe
pa3MepHOCTH IoKa3aTesel U MpUbJM3UTh UX paclpe-
nesenrie k HopMasibHoMy (IlIutukoB u ap., 2005). B
KayecTBe 3HaUYMMBbIX IPUHUMAJIU I'JIaBHble KOMIIOHEHTHI
¢ aucrepcueir =1 u (hakTOpHBIE HATPY3KU MPU3HAKOB
C OTHOCUTeJbHBIMH 3HaueHusMu =|0.7| (Kopocos,
2007). Cratuctuueckasa oOpaboTka MOaHHBIX OCy-
HIecTB/IAJIach B JIMIIEH3UPOBAHHOM Iakere Statictica
Advanced 10 for WindowsRu.

3. Pe3ynbTaTthbl
3.1. XumuueckKum coctaB BOAbI

B peuHbIX Bojjax B cpelHEM cofepxaHKe HOHOB
Ca?* u Na* gocturaetr 25.6 u 19.5 Mr/Jj, coOTBeT-
cTBeHHO. I[To MOHHOMY cocCTaBy BOJa PeKU OTHOCUTCH
K TuApoKapOOHATHO-KaJIbI[ieBOMYy THUIIy, OJHAKO B
TeueHUe JIeTHe-OCeHHero nepuoja BoJa peKu MeHsAeT
IpylIy c KajbplueBol Ha HartpueByw (CabbuinHa U
Edpemosa, 2017).

CorsacHo paHHbBIM (CabpuimHa u Edpemosa,
2017), B xumMu4ecKoM cocTase Bo[ p. HersimHku 3a MHO-
roJIeTHUY nepuo/i npeobJiajaloiMy Cpeqy MeTaJlIOB
ABJIAIOTCA KeJjie30 U Maprasel]. Boicokoe copmepxaHue
Mn u Fe 06ycJiOBJIEHO BBICOKUM IMPUPOAHBIM Pperuo-
HaJIbHBIM (POHOM, UTO MO3BOJIAET UCKJIIOYUTDH JaHHbIE
MeTaJUlbl U3 CIHCKAa 3arpA3HAIIINX KOMIIOHEHTOB
(JIozoBuk u Ilnatonos, 2005). KoHIleHTpauu Takux
MeTtaJuioB kak Cu, Zn, Pb, Cd yBenmmuuBaioTcsa mpu
TpaH3uTe peku yepes I. [leTpo3aBojick, nepuoAnudecKu
MpeBhIIas I'[L[pr. B Gospieli creneHu KOHI[EHTpaLUU
Cu u Zn yBeJuYMBaJINChb Ha TEpPpPUTOpUM ropoda Io
CPaBHEHMIO C 3arOpPOJHBIM y4acTkoMm — B 3 u 20 pas,
cooTBeTcTBeHHO (CabbuinHA U 1p., 2022).

[Ipu aHamuze XUMHUYECKOI'O COCTaBa BOJBI
p. HernuHku Bce nokasaTtesu ObUIN pa3fiesieHbl Ha JBe
rpyInel. B nepBylo rpymny BOLLIX [TOKAa3aTesd, Xapak-
Tepusywlue BusHUe 3a060JIOYEHHON BOOOCOOPHOI
TeppuTopuu (IPpUPOAHBIN (HaAKTOpP): MoKa3aTesu, oTpa-
Xarolye cofepxaHue TPyIHOMHHepaInu3yeMbIX I'yMy-
coBeix BemecTB (I10, XIIK), BETHOCTh U CBSI3aHHOE C
Hell obmee xese30, a Takke pH — nHaukartop coxep-
KaHUA BellecTB KUCJIOTHOHN NPUPOABI, B TOM 4YuCe U
ryMuHOBBIX KucJIOT (Lozovik, 2013).

Bo BTOpyl0 rpynmy BOLIIIM XMMHUYeCKHe IIoKa-
3aTeJiyd, XapaKTepu3ylollyie aHTPOIIOTeHHOe BJIMAHUE:
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pasiuuHble GOpMBEI MUHepaJbHOro asora u docdopa,
BIIK,, comepxanue BB 1 HehTenpoAyKTOB, MOCTYILIE-
HHEe KOTOPHIX CBA3aHO C BBIIyCKaMM JIMBHEBBIX BOJ,
PacCIoJIOXeHHBIX B HIDKHEM TeUYeHUHU M3y4yaeMol peKu
Ha TeppuTopun I. [lerpo3asoacka. KoHLneHTpanus Kuc-
Jiopoja B BoJie OTpaXaeT, C OJHOM CTOPOHEI, a3paLuio
BOJBl Ha MOPOXMCTBHIX y4acTKax peKH, C JAPyroy CTo-
POHEI, noTpebJieHne KUCJIoOpoAa Ha MUHepasd3aluio
JerkoMuHepaausyemoro OB. B Hamux ucciiefoBaHUAX
MBI OTHECJIA KUCJIOPOJ K IOKa3aTesAM, OTpakarliuM
aHTPOIIOTeHHOe BO3[elCTBHe, CBA3aHHOE C MOCTYILIe-
HHeM JIMBHEBBIX CTOKOB, HeCyIIUX OOJIbLIIOe KOoJnye-
ctBo OB.

3.1.1. XuMnyeckue nokasaTeyiy, XapakTepu-
3yomye oco0eHHOCTH NPHUPOJHOrO cocTaBa BOMBI
p. Hersunaku B 2014-2015 rr.

I[To mokaszaTteso ryMmycHocTd BoAa p. Hernmnku
Ha BCeM CBOEM MPOTsKEeHUM, N0 AaHHBEIM 3a 2014 r.,
XapakTepu3oBajlach KakK BBICOKOI'YMycHas (moAaxJiacc
Me30II0JIMTYMyCHas),  CcOorJlacHO  Kjaccudukanuu
(Lozovik, 2013).

Ha saropogHom yvacTtke p. Hernmnkuy, noasep-
XK€HHOM BJIMAHUI0 OOJIOTHBIX BOJ, BBICOKOMY COJep-
XaHUI0 opraHudyeckux BemjecTB (OB) rymycoBoit
npupoasl, omnpeneasgemoro no XIIK, comyTcTBoBaiu
BBICOKME IIOKa3zaTeJd IBeTHOCTH M KOHI[eHTpanuu
Feoﬁm (Tabauna 3). [IpeBbinieHne l'I,[[Kpx 10 IT0Ka3aTeJIio
Fe , oTmedanocs B 12-51 pas.

Ha ropoackoMm yuacTke peku, KOHILIEHTpauusd
XTIK cHmxajach, Kak M MoKa3aTeJd I[BETHOCTU BOJBI
(Tabnura 3). CHUXXeHNe KOHIIeHTpaluu Fe ;, BAOJIb 11O
TeYeHHUI0 peKU COCTaBWJIO: OT 2.7 MI'/JI B BepXHeM Teye-
HUU 10 1.38 Mr/ma B HUXHeM TedyeHuu. Ha BceM npoTs-
keHUH peku npessiteHre IIJIK 1o oGmemMy xesesy
Jocturaso 7-50-KpaTHBIX 3HaYeHUI.

3.1.2. XuMunyeckue nokasaTejid aHTPOIIOreH-
HOrO0 3arpsA3HeHuA BoAsl p. HerauHku.

KoHnenTpalus JierkoMruHepaanu3yeMoro Bellle-
CTBa, onpejesisiemoro mo BITK,, Ha 3aropoAHOM y4acTKe
p. HersnimHkwy, 6b11a HEOOJIBIION, JIUIIL ABAXAB! IIPEBHI-
nias 3a oba roga H,[[pr B 1.5 pa3sa. B cBA3u ¢ nocrymie-
HHeM OO0JIBIIOr0 KOJIM4ecTBa JIerKOMHHepaIu3yeMbIX
OB c n1uBHeBbIMU cToKamu (Tabsuia 2), Ha ropoJACKON
yacTu pycsia 3HayeHnue BIIK, yBennuuBasiochk mo cpas-
HEHMUIO C BepXHIM TedeHueM, npessimas [IJIK B cpen-
HeM B 2 pasa (Tabnuna 3).

B 2014 r. cogepxaHue kucjopoaa BAOJIb pycJa
peKu MeHsAJIOCh He3HAUYUTeJIbHO U HMeJIO BBICOKHE
nmokazatenu. B 2015 r. obHapyXuBajoCh CHUXeHUeE
abCoJIIOTHOrO COAepXXKaHMA KUCJIopoAa B BoJe U Hachl-
meHusA BoAb! kucjaopogoM. HauboJsiee 3aMeTHO cHUXe-
HMe HachlllleHus BOABl KUCJIOpOAOM HabJoaioch Ha
cT. N-2, uTo 66110 cBA3aHO ¢ nocryisieHneM OB, onpe-
nesiseMbix 110 BITK, Bbinie cranuuu ot6opa npoo.

Konnentpanuu uutputoB (NO,”) Ha 3aropof-
HOM yuacTKe peKHU 4acTO ObLJIM HEeBHICOKMMM, OAHAKO
3TOT IOKa3aTeJib ABaXbl IIPeBbILIaT l'I,[[Kpx B 1.2 pasa.
Ha ropoackux yvyacTkax peku KOJIMYeCTBO HUTPUTOB
yBeJINUYMBAJIOCh HA MOPANOK, NPHU 3TOM HabJII0aIoCh
noBcemMecTHoe npesbimenue [IJIK B cpenHeM B 8 pas.
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Ta6suna 3. [TokazaTesn XMMHUYECKOro cocraBa BoAsl p. HersnmHku 3a 2014-2015 rr.

IToxa3aTesb 2014 r. 2015r.
dbonoBEIIT TrOpPOJACKOM y4acTOK dbonoBEIIT TOPOCKOM y4acTOK
y4acToK y4acToK
ct. N-1 cT. N-2 ct. N-3 ct. N-1 ct. N-2 ct. N-3
pH 4.5-6.6 6.6-7.7 6.9-7.9 4.3-5.2 6.5—-7.7 6.6—7.8
5.6+0.4 7.2+0.2 7.4+0.2 45+0.3 7.0x0.3 7.4+0.3
LIBeTHOCTSD, rpaj 98-410 21-286 29-230 270—384 34 —283 64 —261
177 £76 129+39 66 =37 349+32 146 =36 93+13
Feosm, Mr/J1 H.[. H.1. H.J. 1.2-5.1 1.1-4.0 0.7—-2.8
2.7*+0.4 2.1+0.3 1.4x0.2
I10, mr O/n 9.37-12.69 9.1-11.2 9.4-11.1 H.[1. H.I. H.[1.
10.34+0.84 10.1£0.4 10.3+0.5
Hum, en. 30-64 14-57 18-50 H.I. H.J. H.II.
44+9 34+8 25+6
XIIK, mr O/ H.I. H.O. H.O. 33.7—47.2 20.3—46.8 12.5—40.4
39.3x3.6 27.6+3.3 20.4x4.6
0,, mr/n 7.9-11.2 8.4-11.0 8.8-10.7 7.6—9.5 5.6—9.8 8.7—10.5
9.9+0.7 9.7+0.6 9.8+0.6 8.2+0.3 6.2+0.9 9.4+0.3
% Haceimenus O, 71-87 79-92 82-90 62—-71 51-77 78—92
79+4 84+3 86+2 68+2 56+6 80+2
BB, mr/n H.J. H.I. H.J. 9-92 6—97 4—-120
27+7 16+6 165
BIIK,, mr O, /n 1.4-3.4 2.4-6.0 2.9-6.6 09-1.6 1.1-6.4 2.0—-5.3
1.7+0.4 3.5%x0.9 3.4+x0.7 1.0+0.1 5.0x1.5 2.3+x0.4
NO,, mr N/n 0.009-0.024 0.026-0.254 0.027-0.243 H.1. H.. H.1.
0.016 £0.004 0.198 +0.065 0.149+0.05
NO,, mr N/n 0.035-0.26 0.41-1.12 0.33-2.89 H.J. H.J. H.J.
0.21 +£0.06 0.59+0.1 0.67 £0.61
P s MKT P/11 19-44 54-197 46-211 42—-162 106 —339 128—-319
26+6 103+30 132+39 85+19 166 +31 217 x44
P ., MKr P/n 10-42 49-191 33-205 4-31 39—-273 117 —-209
25+5 98 +27 117+38 18+6 148 +46 16020
HedrenpoaykTsl, 0.03* 0.37* 0.05* 0.05* 0.34* 0.04*
MTI/JI (ceHTAOpD, (aBrycr) (oxTsA6pPB) (ceHTA6pD) (ceHTs6pB) (ceHTAOpPD)
OKTSOPB)

IIpuMeyaHue: B yncaUTesIe — Min—-Max — MAUHUMAaJIbHble 1 MaKCUMaJIbHble BeJIMYMHbI; B 3HAaMeHaTesle — MeAraHa U CTaH-
JapTHas ommnokKa; “H.A4.“ — HeT JaHHBIX; * — yKa3aHa MaKcHMMaJlbHasA KOHIeHTpanusa HepTenpoayKTOB.

ConepxaHue B Boje p. HersnmHkyu HUTpaTOB
(NOs‘) OBLJIO 3HAYNTEJIBHO HITXE I'[L[pr. OTMmevasioch
yBeJIueHUe HUTPaTOB IpU TpaH3WUTe peKu uepes
TOPOJICKYI0 TeppuTopuio nmouytu B 3 pas3a (Tabiuma 3).
[losiyueHHBle HaMK [AaHHble IO COAEPXKaHUI0 MUHe-
payibHBIX (popM aszoTa B p. Hersmnke coryacyores c
JaHHBIMH APYTHX HccliefjoBaTesiell, OCyIleCcTBJIABIINX
oT60p mpo6 Ha peke B 3TOT Xxe nepuon (/[3100yk u
Kimokuna, 2015).

Conepxanne obuero ¢ocdopa (P, ) B 2014 .
OBLITO HAMHOT'O MeHblile, yeM B 2015 T., 4TO 00bsACHsETCS
METEOpOJIOTUYECKUMU ycjIoBUAMY, T.K. 2014 r. ObLI
OoJiee cyxumu no cpasHeHumw ¢ 2015 r. IToctynienue
P, C JIMBHEBBIMU CTOKAMU U CTOKAMU C TEPPUTOPHU
YacTHOTO cekTopa oOycjaB/JIMBaJIO yBeJIMUYeHUe ero
KOHIIEHTpal[iil B BOoJle peKu Ha TOpPOJACKOI TeppuTO-
pun. lloyueHHble JaHHbBIE IO COAepXaHuio P u P
B Bojle p. HeryimHKY XOpOIIO COorjlacyloTcs ¢ pe3yJibTa-
TaM¥ TpeAlIecTBYIOMUX uccieqoBanuii (CabbuiHA U
Edpemosa, 2017).
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Munepanbhbiii pocdop (P ) BBoze p. Hernmuku
“MeeT B OCHOBHOM aHTPOINIOreHHOe INPOMCXOXJeHUe.
006 3TOM CBUETEBCTBYET ero BeicoKasa qoJisA (28-98%)
oT obmero ero comepxanus. 1A sogoemos Kapenuu
yCTaHOBJIEHO, YTO IIPU COAepKaHUM B Boje MUHepaJib-
Horo ¢ocdopa B KOHIIEHTpanuAX, npepnimanmux 10%
OT o0mell pOpPMBI 3TOTO 3JIEMEHTA, €ro MCTOYHUKOM
SIBJISIETCAA aHTPOIIOTeHHOe 3arps3HeHue (3anuueBa U
Bosikos, 1994; Jlo30BuK, 2017).

Coaepxanue HedpTEenpoaAyKTOB B BOJ(E
p.- HernuHku Ha BepxHeM ydacTKe pycJia 3a oba roga
uccnenosanuii He mpesbimano ITJIK —mno HedTenpo-
nykraMm, paBHoil 0.05 mr/ia. Ha cr. N-2 B 2014 1.
IIOBCEMECTHO HAOJII0AaJIoCh IMpPEBHIIIECHNE I'[L[Kpx o
HedTenpoayKTaM B cpeiHEM 0 2 pa3, AOCTUras Mak-
CHMaJIbHBIX KOHI[eHTpalui IIpU CeMHKpPAaTHOM IIpe-
BBIIIIEHUU HI[KPX. Takasa cutyanusa oObsCHAETCA HAXO-
XJeHueM Bblle cT. N-2 keJIe3HOLOPOXHOIro [Aemno, a
TaKXXe HaJINYueM JIMBHEBBIX CTOKOB C BBICOKHMU KOH-
HeHTpauuaMu HedTenponykToB (pasfen 2.7). Ha cr.
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N-3 koHLeHTpauusa HeTeNpoAyKTOB CHUXajlach A0
0.04 mr/n. CHuXeHHe KoJuyecTBa HeTenpoAyKTOB
K YCTbeBOMY yYacTKy peK’ MOXHO OOBACHUTb YacCTHUY-
HBIM OCaX[€HUEeM Ha JHO, OKHCJIEHUEM 3a CYET HaJIu-
4yl Ha peke IepeKkaToB U yTUIM3anuell 0akTepusaMHU.
B 2015 r. B ropoAckoii yepTe JIUIIb OQHAXIbl Ha CT.
N-2 nabmiogasioch 7-KpaTHOe IpeBhIllIeHUe H,Z[pr mno
HedTenpogyKTam.

CopepxaHue B BOJAE B3BElIEHHBIX BeEIECTB
OBLI0 MaKCMMaJIbHBIM Ha 3aropoJHOM y4acTKe peKH.
HecmoTpsa Ha TO, 4TO B 4epTe ropojia B3BellleHHbIE
Bell[eCTBa [IOCTYNAIOT C JIMBHEBBIMU CTOKaMU, B PEUHOM
BOJie HaOJIlofaeTcs CHIXeHNe UX coJiepXaHus 110 cpaBs-
HEHUIO C 3arOPOJHBIM Y4acTKOM, YTO Takke OOBbACHA-
eTcA UX YaCTUYHBIM ocaxk[eHHeM Ha JHO. HeGosbiioe
npesbimeHye [1/IK o B3BenieHHBIM BelllecTBaM HaO0JIio-
JaJioch B TOPOJICKOI 4yepTe B UIOHE U OKTsAOpe 2015 r.
(mo 1.3 ITJK), uTo cBsA3aHO C BEICOKUM (POHOBBIM COAED-
’KaHNeM B3BellleHHBIX BelllecTB B Boje p. Hersmmuakny.

3.1.3. AHaymM3 CTPYKTYpBI CBSI3€d MEXAy
XHMHYECKUMH ITOKa3aTeJIsIMH

Jlsia aHanM3a COBMECTHOTO BJIUSAAHUA peruo-
HaJIBHOT'O MPUPOAHOIO U aHTPOIOreHHOro )aKTOpPOB C
MCIIOJIb30BaHMEM MeTojia IJIaBHbIX kKoMioHeHT (MI'K)
MeXay XUMUYeCcKUMU I[OKa3aTessAMU Obljla U3ydeHa
cTpyKTypa cBaseil. MI'K npumeHsieTcst Kak 1 COKpa-
meHUsA pa3MepHOCTU I[IPOCTPAHCTBA IIPM3HAKOB C
MHHMMaJIbHOU NoTepeli MoJjie3Ho nHpopMaIuu, Tak u
71 BBIABJIEHUS PNl 00beKTOB, OTJINYAIIUXCA APYT
OT JipyTa Io cujie KOppesAlun.

[Ipu ananuse gaHHbIX 3a 2014 r., 10 pe3yJbTa-
tam MI'K, Tpu mnepBble IjaBHble KOMIIOHEHTH OTpas-
nanu BMecte 81% o011ell M3MEHUYMBOCTU IToKasaTesien
cocraBa Bojbl p. Hersmmnuku. 3naunmbiii Bkiaag B I'K1
(nepBas ry1aBHas KOMIIOHeHTa) BHecsid pH, HackleHne
BOJBI KHCJIOPOZOM, cojepXaHie B BoJe OWOreHHBIX
anemeHToB (NO, , NO, , P P ) lerkoMuHepamm3y-
emoro OB (BHKS), B 'K2 (BTOpas rinaBHass KOMIIOHEHTA)
— cojepxaHUe PacTBOPEHHOI0 B BOJe KHCJOpoJa U
I10, B I'K3 (TpeTbs rjiaBHast KOMIOHEHTa) — LIBETHOCTh
Boanl (Tabnuna 4). Ha guarpamme pacnpepesieHUs
sHaueHuii I'K1 u I'K2 (Puc. 4 A) o0beKTH pa3aesnianch
Ha JBe OCHOBHBIE IpyNmbl. B IByX MpaBbIX KBagpaHTax
HaxonATcs mpoObl, 0OTOOpaHHBIE Ha 3arOPOJHOI CTaH-
UM BO Bce MecsAIlbl HaboaeHUs. B ByX JieBBIX KBa-
JpaHTax oKa3aJuich Ipobbl, 0OTOOpaHHBIE HAa TOPOJICKUX
CTaHIMAX 3a Bech Mepuo HabmongeHusA. Ha quarpamme
pacnpenenenus 3HaueHuit I'K1 u I'K3 (Puc. 4 b) 06b-
eKThl pa3fie/INJINCh TaKKe Ha J[Be OCHOBHbBIE TPYIIIHL B
JBYX MPaBbIX KBaJ[paHTaxX Haxo[saTCcsA MpoObl, 0TOOpaH-
Hble Ha 3arOpOJIHOM CTaHI[UM BO BCe MecCsIbl HabToe-
HUsA, B IBYX JIEBBIX KBaJipaHTaX — MpoObl, OTOOpaHHBIE
Ha CTaHLUAX B rOPOJICKOM uepTe. PacmoJioxeHue CTaH-
Uil Ha rpadukax CBUJETEJIbCTBYET O BhIPaXXEHHOI
MPOCTPAHCTBEHHOI HEOJHOPOJHOCTH YYaCTKOB peKu,
CBSI3aHHOM, BO-TIEPBBIX, C BJIMAHMEM OOJIOTHBIX BOJ B
BEpXHeM TeueHUU p. HernmHky, rae oOHapyxeHbl Hau-
MeHbllIe BeJIMUrHB pH U BBICOKMeE MOKa3aTesy LBeT-
HOCTH, BO-BTODBIX, C NOCTYIUJIEHEM MOA3EMHBIX BO[,
KOTOpPBIE HEUTPAJIU3YIOT BOJY Ha FOPOJICKUX y4acTKax,
B-TPETbUX, C TOCTYILUIEHHMEM OWOreHHBIX 3JIeMEHTOB
U JjerkoMuHepanuszyemoro OB c ypOGaHH3MpPOBaHHOI
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tepputopuu. Iloaromy 64sb1re BeIUYuHb pH, IOHU-
JKeHHas LIBETHOCTb U CHJIbHOEe 3arps3HeHue peku Ono-
reHHBIMHU 3JIeMeHTaMH U JlerKoMuHepainsyeMeiM OB
XapaKTepHBl [JIS TOPOACKUX y4acTkoB p. Hersunku
(Tabnura 3). Ha poHe pe3koro pasiuyusa XUMHUYeCKOTO
cocTaBa (pOHOBOI'O U TOPOACKUX y4acTKOB p. HersmHku
HX Ce30HHasA N3MEeHYMBOCTh BBIpaxkeHa cj1abo.

[IpumenHenne MI'K pmiid gaHHBIX N[O XHAMUYe-
CKOMYy cocTaBy Bozbl p. Hernuuku 3a 2015 r. nokasaso,
YTO TPU IepBhIe IJIaBHble KOMIIOHEHTH oTpa3uiu 83%
ob1ell M3MeHYMBOCTU TNPU3HAKOB. 3HAUMMBIN BKJIaJ
B I'K1 BHecnu pH, nsetHocth, XIIK, u comepxxaHue
docdopa, B I'K2 — comepxkaHue Kucjopoga B BoAe U
HachbllleHre BoAbl kucjaopogoM, B I'K3 — conmepxanue
BB B Bome (TabGsuia 5). PacmojioxeHne CcTaHIUA Ha
rpaduke pacnpefnesnienus 3HaueHuii I'K1 u I'K2, u I'K1
u I'K3 noBTopsT BoiABIeHHYI0 B 2014 r. mpocTpaH-
CTBEHHYI0O HEOJHOPOAHOCTh y4yacTkoB p. HersmHku
o rugpoxumMuyeckuMm nokaszarteysim (Puc. 5 A, B):
BEpXHHUI y4YaCTOK peKu XapakTepusyeTcs BJIMAHUEM
00JIOTHBIX BOA, CHIXAWOMUX pH BoAb U yBeJIUMYMUBalO-
MUX ee I[BeTHOCTb U XapaKTepU3YIOIIUXCA MOBBIIIeH-
HBEIM cofepxaHueMm XIIK, a ropofckue y4acTKu peKd
XapaKTepu3yloTcA IIOCTyIUIeHHeM MOJ3eMHBIX BO[I,
HeHTpaJU3yIolUX peyHyl0 BOAy U 3arps3HeHueM coe-
auHeHUAMH (Qocdopa, MOCTyHawIero ¢ ceanuTeOHON
tepputopuu (Tabsuma 3). Bomeamune B I'K2 copep-
xaHve O, u HachieHre Boabl O, BBHIILIN OTAEIBHO B
IJIaBHYI0O KOMIIOHEHTY 3a CYeT CHJIbBHON KOppeJiAluu
MeXJy 3THMH [BYM:A IOKa3aTesIAMH, XapaKTepu3ylo-
IMUMHU U3MeHeHNe KHCJIOPOo/ia B BOJe 3a cueT Ce30HHBIX
H“3MeHeHU.

Takum o6pa3oM, XxapakTep paclnpejeaeHUs
CTaHIMHI B OCAX I'JIABHBIX KOMIIOHEHT CBA3aH C MOCTY-
IIJIeHWeM CTOKa ¢ 3a00JI04eHHBIX TeppPUTOPHUI B Bepx-
HeM Te4YeHUU U MOJ3eMHBIX BOJA B CpellHeM TedeHUU
peku (BopoaynuHa, 2013), KOTOpBEle OOyCJIOBJIMBAIOT
HM3MeHeHUe ee XMMUYeCKHX IoKasaTeJsiell, XapakTepu-
3YIOIIMX perroHajbHble 0cOOeHHOCTH peuHbIX BoA (pH,
I[BETHOCTH). B To ke BpeMs npuMeHeHre MI'K BeIABUIIO

Ta6suna 4. PacnpenesieHne GpaKkTOPHBIX Harpy3o0K IJjIaB-
HBIX KOMIIOHEHT NpY M3y4YeHUM B3aUMOCBA3EH XMMHUYECKUX
nokazateJieii p. Hernuuku B 2014 1.

HcxoaHbie mokasaTeiiu 'Kl K2 I'K3
pH -0.9 -0.1 -0.1
IIBeTHOCTD 0.5 0.1 -0.7

0, 0.0 0.8 0.5
Hacpimenne O, -0.7 -0.1 0.2

10 0.3 0.8 -0.1

BIIK, -0.7 0.5 -0.4

NO,” -0.8 0.1 -0.1

NO,- -0.8 0.2 0.3

P -1.0 0.0 -0.2

P -0.9 0.0 -0.2
Jucnepcus 5.2 1.7 1.2

Hosa B obmielt aucnepcun, % 52 17 12

IIpuMmeuanue: 3HaunmMble GaKTOpHBIE HATPY3KU IPHU3HA-
KOB BbI/IeJIEHBI )KMPHBIM MIpU(TOM.
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Puc.4. OpauHanusa craHuuil Ha p. HersimHke B ocsax nepBoii u BTopoii (A) u nepBoii u TpeTbeii (B) riiaBHBIX KOMIOHEHT
10 TOKa3aTesIsIM XUMUYecKoro cocrasa Bofsl p. Hersmuku B 2014 r. KBagpaTt 1 — mpo6sl BepxHero yyactka peku (cr. N-1),
KBaZpaT 2 — MpoObl FTOPOJICKUX YYaCTKOB

B XapakTepe KjaccUUKAIMN CTAHIMI 3HAYUTEJIBHYI0 Ta6sinna 5. PacnipesiesieHie GakTOPHBIX HArPY3OK IJIaB-
poJib aHTpomnoreHHoro dakropa (mocrtymwieHue doc- HBIX KOMIIOHEHT IPY U3yYeHUN B3aUMOCBS3€l XUMHYECKUX
dopa ¢ TOpoJICKUX TEPPUTOPHIL). B 11€J10M pe3yJibTaThl nokasaresieil p. Hermaiku B 2015.
CTAaTUCTUYECKOTO aHAJIM3a WLTIOCTPUPYIOT COBMECTHOE HcxOmmbIe MOKa3aTeIN K1 rk2 | k3
BJIMSHUE ABYX (HakTOpOB (IPUPOAHOTO U aHTPOIOTEH-
HOr0) Ha XUMHYECKUN COCTaB BOMBI, UTO OIpeJiesIseT pH -0.9 0.1 0.1
MeToAuuYecKre MpoOJieMBbl B OlleHKe KavyecTBa BBICOKO- IIBeTHOCTD 0.9 0.1 0.0
LIBETHBIX BOJ P. HernuHkun. o) 0.0 1.0 0.0
N . . .
[TpeqocTaBiIAIO0 MHTEPEC PACCMOTPETh KJIACCH-
ben : bec p p Hachimenue O, 03 | 09 | 03
dukanuio craHnuil Ha p. HersimHKe ¢ yyeToOM JaHHBIX
TOJIBKO IO AHTPOIOTeHHOMy 3arpssHeHuo0. C 3ToW XIIK 0.7 | 05 | -01
1leJibl0 M3 Hava/JIbHBIX MAacCHMBOB AaHHBIX 3a 2014- BITK, -0.6 -0.6 0.0
2015 rr. UCKJIIOYNUIN TI0Ka3aTed, OTpaXarolye BJIuA- BB 0.1 0.2 0.9
HIe TIpUpoAHBIX (pakTopoB (pH, mseTHOCTSH, 10, XIIK, . .
Feoﬁm). PesynpraTtel MI'K npencrasyensl B Tabauiax 6 P -0.8 AU 0.2
7 uHaPuc. 6 u7 Kak B 2014 r., Tak u B 2015 1., P o -0.8 -0.1 -0.4
TepBBle TJIABHbIE KOMIIOHEHTH OTPA3WJId BJIMSHUE Fe 0.6 0.2 06
AHTPONOTeHHOTro (aKkTopa, a WMEHHO IMOCTYyIJIEHHE
Hucnepcus 4.4 2.4 1.5
C JIUBHEBBIM CTOKOM OHOTeHHBIX BeleCTB, JIETKOMM-
Hepanusyemoro OB (Tabsunbl 6 u 7). Koppensrus Houis1 B obweit gucnepend, % 44 24 15
WCIIOJIb30BAaHHEIX TIOKa3aTesiell XMMHNUYeCKOr0 COCTaBa IIpumedanme: 3HaunMble paKkTOpHBIE HArPY3KU NIPHU3HA-
BOJIBI OTPAXAET UX IMPOUCXOXKIAEHNE, CBA3aHHOE C JINB- KOB BBIJIEJIEHBI XUPHBIM IPUDTOM.
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Puc.5. Opgunanus craHiuil Ha p. HernmHke B ocsax nepBoil u BTopoll (A) u nepBoii u TpeTbeil (B) rjlaBHBIX KOMIIOHEHT
10 TMoKazaTesisAM XuMudyeckoro cocrtaBa BoAwl p. Hersmmuku B 2015 r. KBagpatr 1 — mpoGbl BepxHero yuacTka peku (N-1),
KBaapaT 2 — npoObl TOPOJCKUX YYaCTKOB
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HEBBIMU CTOKaMu. OpAWHAIMA CTAHIUN B OCAX ABYX
TJIaBHBIX KOMIIOHEHT YeTKO MoKa3ajia UX pasjeJieHue
Ha GOHOBHII U TOPOJCKUE YYacTKU. TakuM o6pasom,
HCKJIIOYEHNE U3 OOIEro MacCUBa JAaHHBIX XapaKTepH-
CTUK XMMUYECKOTO COCTaBa, ONpeeIsieMbIX BIUIHUEM
pErvoHaIbHOTO TNPUPOAHOro ¢akropa, 060CHOBAIO
Heo0XOJUMOCTb OLIEHKH KauecTBa BOJIBI p. HersmHku
TOJIBKO M0 I[OKa3aTesiAM, OTpaXalollUM BJIUAHUE
aHTPOIOreHHOTro dakTopa.

3.2. Mukpobuonornueckmue nokasarenv

PacnpeneneHue o61ieil yrMcJaeHHOCTU OaKTepuit
(OUB), canpoduTHbix H6akTepuii (CB) u obmux Koau-
¢opmubix 6akTepuii (OKB) 3a oba roma wuccieosa-
HUI Ha TpexX CcTaHIuAX p. HersmHKuU npefcTaBieHO B
Tab6muue 8 u Ha Puc. 8. Bce nokasatesnu BappUpoBajiv
B IIMPOKOM Juana3oHe BOoJib pycia peku. OUb, Cb u
OKbB xapakTepu30oBa/IiCh HU3KUMHU IOKasaTessAMU Ha
doHOBOI cT. N-1 U yBeIMYMBaJINCh Ha CTAHIUAX B
ropoackoi uepte (Tabsuna 8 u Puc. 8). KomruiekcHoe
BJIMAIHYME TOYEUYHBIX 1 HETOUEUYHBIX NICTOYHUKOB 3arpsAs-
HeHUsA MOXeT IIPUBOAUTDH K BBICOKMM KOHIIeHTpalUAM
OUYb, Cb u OKB Ha cTaHIMAX, pacnOJIOKEHHBIX B TOPOJI-
ckoii ueprte (Puc. 8). Haubosibias yrcjaeHHOCTh ObLia
XapakTepHa A cT. N-2, 4TO CBA3aHO C BIaJieHuEeM
JIMBHEBHIX CTOKOB BBbIle cTaHUuu otbopa (Puc. 2) u
BJIMsAAHMEM He0JIaroyCTpOeHHBIX XKUJIBIX IIOCTPOEK, pac-
MI0JIO’KEHHBIX HAa caMOM Oepery peku.

Ha npoTsxeHun AByX JieT MaKCHUMaJlbHble IIOKa-
satenu OUB, Cb u OKBb HabGmogamuchk B 2014 r., 4To
BEpOATHO CBA3aHO C METEeOpOJIOTHUYeCKUMHU YCJIOBH-
AMU, JIy4IIUM IporpeBoM Boasl (Puc. 3). 3aBUCHMOCTB
pasBUTHA OakTepuil OT TemmepaTypbl BOABI 4YacTo
oTMeuaeTca MHoruMu aBropamu (Rheinheimer, 1977
Lee et al., 2016; Seo et al., 2019), ogHako HaM He yAa-
JIOCh YCTAaHOBUTb 3HAYMMON KOppeJIANUU pa3BUTHUA
06aKTepUOILIaHKTOHA C TeMIlepaTypoll BOABL B CBA3M C
BBICOKOI CKOPOCTBIO TeUeHNsl, MeJIKOBOJHOCTBIO, CUJIb-
HBIM BJINSIHHEM aHTPOIIOTeHHOro dakropa.

Henapamerpuueckuil aHanu3 ¢ NpUMeHeHHEM
U—xputepusa MaHHa — YUTHU [OKa3ajl CTaTUCTUYECKU
3HaYMMble pas/INuUsa MeXAy KOJIMYeCTBeHHBIMH ITOKa-
3aTeJIAMU 3aropoAHOr0 ydacTKa peKu U TOPOACKUX
craiuii N-2 u N-3 (Tabmuna 9). Ilpu cpaBHeHUU
rOPOJICKUX CTaHI[UI MexAy coboil 6110 06HapyXeHO,
4yTo B 2014 r. cT. N-2 cTaTUCTUYECKU 3HAYUMO OTJIMAYA-
Jilack oT cT. N-3 smimb o nokasarensaMm OUB, a B 2015
r. — Hao6opoT, no yuciaeHHoctu CBb u OKbB.

W3 Puc. 9 BUAHO, Y4TO yBejndeHue OakTepuo-
IJIAaHKTOHA XapaKTepHO AJiA JIeTHero nepuopa, Koraa
OoTMeuaeTcs IIOBBILIEHHe TeMmIepaTypbl BoAbl (Puc.
3), 1 B OCeHHMH Nepuoj — NpU yBeJWYeHUU BHINAJe-
HUA 0CaAKOB, CIIOCOOCTBYIOIUX CMBIBY 3arpsA3HEHUi C
cenuTeOHON TeppuTopuu. bosiee paHHue HcciieoBa-
HUA NOATBEpXKAAlT HabsogaeMoe HaMHU yBeJndeHue
YrCJIEHHOCTU 6aKTepuil B JIETHUM U OCEHHUI NepHUOJIbl
13-32 IPUTOKA 3arpA3HAIONMX BeLIecTB C OcagKaMu,
BBINIABIIMMU HakaHyHe oT6opa mpob (Tumaxosa, 2013;
TekaHoBa u ap., 2015).

[TokasaTesn OaKTepHUOIJIAHKTOHA B CE30HHOM
acrekTe Mexay co0ol KopperupoBaju B 11eJIoM cj1abo,
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Ta6suna 6. Pacnpenesienne hpakTOpHBIX Harpy3oK IjIaB-
HBIX KOMIIOHEHT NpY M3y4YeHUM B3aUMOCBA3EH XMMHUYECKUX
nokaszateJieii p. Hersuaku B 2014 r. 6e3 yueTa rokasaTeJiet],
XapakTepu3yIuX BJIHUsAHHe NpupoAHbX dakTtopoB (pH,
nBetrHoctu, I10).

HcxoaHble moKa3aTein 'Kl T'K2
0, -0.1 -1.0
Haceimenue O, -0.7 -0.1
BIIK, -0.8 -0.2
NO, -0.8 -0.1
NO_~ -0.8 -0.2
an" -1.0 0.2
P -0.9 0.3

MULH
Jucnepcus 4.2 1.15
Hoia B nucnepcuu % 60 16

IIpumevanue: 3HauuMble paKTOPHBIE HATPY3KU NIPU3HA-
KOB BBbI/IeJIEHB! )KMPHBIM MIpU(TOM.

4
=N

TS

I'K2: 16%

J

4

TK1: 60%

Puc.6. OpguHanus craHiuil Ha p. HersnHke B ocsx nep-
BOI UM BTOPOH IJIaBHBIX KOMIIOHEHT IIO ITOKa3aTeJiAM XHUMMU-
yeckoro cocrasa BoAwl p. Hersmmuku B 2014 r. 6e3 ydera
nokasaTeJsieli, XapaKTepU3yIOIUX BJIUAHNE NPUPOAHBIX dak-
TopoB. KBazpar 1 — mpobnl BepxHero yuactka peku (N-1),
KBafpaT 2 — npoObl TOPOJICKUX y4aCTKOB

4TO OOBACHAETCA OBICTPBIM TedyeHueM peku. JIuimb
B OTAEJIbHBIX CJy4yadx Ko3QO UIMeHT KoppeJanuu
CrnupmeHa 6bu1 3HauuM: Mexay OUb u OKb Ha c1. N-2
(0.86) u ct. N-3 (0.86) — B 2014 r. 1 11 Cb u OKbB Ha
cT. cT. N-3 (0.81) - B 2015 T.

3.3. Pesynbrartbl 6MOoTECTHPOBAHMA BOADI
p- Hernmuku

B askcnepumeHrtax, mpoBefeHHBIX B 2014 wu
2015 rr., B KOHTPOJIbHOM BapuaHTe BBDKMBAEMOCThb
pauxoB C. affinis K KOHIy 3KCIIepUMEHTOB COCTaBJIAsIa
100%. Jlump B ogHOM ciydae (B OJHOI MOBTOPHOCTH
u3 1Byx) B Mae 2014 r. K KOHIy 48-4acoBOro OIbITa
BBDXIJIO 4 pauka U3 5, B JPYrou — 5 5K3. paukoB (cped-
HAA BBDKMBaeMocTb — 90%). Bo Bcex cepusax OIBI-
TOB B KOHIle 3KCIepHMMeHTa KOHTPOJIbHBIE XUBOTHBIE
aKTHUBHO IlepeJIBUTaJIMCh B TOJIIE BOABI, B X BEIBOJKO-
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BBIX CyMKax HaxoAuJach MOJIOAb, YTO CBUAETEJILCTBO-
BaJIO O XOPOoIlleM COCTOSHUHU KCIOJIb3yeMOU B SKCIIepH-
MeHTax KyJabTyphl C. affinis.

B ob6pasnax peyHBIX BOZ BBDKMBAEMOCTb PauKOB
C. affinis X KOHIly 2-CyTOYHBIX OIBITOB M3MEH:JIach B
mrpokux npefesax — ot 0 10 100% (Puc. 10). ITpu sTom
MIOBTOPSAEMOCTh Pe3yJIbTaTOB IO JIBYM NOBTOPHOCTSAM
BO BCeX CepUsX OMNBITOB Oblia MOJIHOHN. MckiouyeHue
COCTaBWJI OAWH cjyvyail ¢ HeOOJIBIIMM OTKJIOHEHHEeM
MexXay NoBTOpHOCTAMU. B mae 2014 r. npu 6uorecTu-
poBaHuu oOpasiia BoAsl co cT. N-2 B OAHOU U3 IOBTOP-
HOCTEN BBDXKUJIO 5 3K3., B Apyroil — 4 sk3. (cpennss
BBEDKMBaeMocTb 90%).

HaunbGosee ToxcruHble Ipo6sl BoAsl p. HersuHku
(npy1 MUHMMAaJIBHON BbDXKUBaeMocTu paukoB C. affinis
BILJIOTh /10 MIX MOJIHOM rubenn), kak B 2014 r., Tak U B
2015 r., OpUIM BBIAABJICHBI B €€ BepXHeM TeueHNU — Ha CT.
N-1 (Puc. 10 A). 3Ta cTaHIUsA pacnojioXkeHa B BEPXOBbe
pekH, B Tak Ha3biBaeMOM (OHOBOM paiioHe, pacroJio-
’KeHHOM 3a uepToH I. [leTpo3aBojcka 1 He UCHIBITHIBAIO-
1I[eM aHTpPONOTreHHOoro Bo3felicTBusA. B 2014 r. nonHas
rubeJsib pauykoB B ITpobax BoAwl co ¢T. N1 oTMeyasach B
Mae, HIOHe U Hosibpe. B aBrycre, ceHTsAGpe U OKTAOpe
2014 r. BepkMBaeMocTh paukoB C. daffinis B ob6pasuax
pe4yHol BOAbl 13 (POHOBOIO palioHa yBeJNYKBasiach A0
80-100%. B 2015 r. netanbpHbIH 3¢ dekT B mpodax BOILI
co cT. N-1 oTMeuasics Ha NPOTKEHUU BCEro U3ydeH-
HOro nepuoja, ¢ Mas 1o asryct (Puc. 10A).

[TpuHIMNIMaIbHO NHAA TOKCUKOJIOTUYECKAas CUTY-
anysa oTMevajiach Ha rOpoACKUX cTaHIuAX N-2 u N-3,
HCNBITHIBAIOIINX BBICOKYI0 aQHTPOIIOIe€HHYI0 Harpysky.
ITo pesynbpraTam GuortectupoBaHus B 2014-2015 rr.,
BBDKMBAaeMOCTh TeCT-00beKTOB B peYHBIX BOAAX CO CTaH-
it N-2 1 N-3 coctraBusia 100% (Puc. 10 B, B). JIumis B
omgHoM ciiydae (maii 2014 r., obpaseln; pedyHOI BOABI CO
cT. N-2) BEIXHBaeMOCTb PayKOB He3HAUUTEeJIbHO CHU3U-
Jack 1 coctaBuia 90%. Beicokas IiaBaTesibHas akTUB-
HOCTb payKOB M HaloOJIHEHHEe WX BBIBOJKOBHIX CYMOK
MOJIOJBIO CBUAETEJIbCTBOBAJIM O XOpOIIeM COCTOSHUU
TecT-00beKTOB B KOHIIe 2-CYyTOYHOT'O SKCIIepUMeHTa 110
O61OTeCcTUPOBaHUIO PeYHBIX BOA co cTaHiuil N-2 u N-3.
Takum o6pa3oM, B TeuyeHHe [BYX JIeT BO BCe H3Yy4eH-
HbIe Ce30HBI NPO0OLI peyHOH BOAbI, 0TOOpaHHBIE C JBYX
TOPOACKUX Y4acTKOB, He IPOABUJIM OCTPOrO TOKCHYe-
CKOro JericTBUs Ha paukoB C. affinis.

Ta6suna 8. Mukpobuosiornyeckye okasaTesu.

Ta6smna 7. PacnpesiesieHrie GakTOPHBIX Harpy3o0K IJiaB-
HBIX KOMIIOHEHT INpY M3y4YeHUM B3aNMOCBA3EH XUMHUYECKUX
nokasaresiell p. Hersmmuaku B 2015 1. 6e3 yueTa rokasareJsieit,

XapaKTepu3yIuX BJIMAHUE NpUPOJHBIX (dakTtopoB (pH,
uBerHocty, Fe . , XTIK).
HcxoaHble MoKa3aTein 'Kl T'K2
0, 0.5 0.8
Haceimenue O, 0.4 0.9
BIIK, -0.9 -0.0
BB 0.2 -0.5
Poﬁm -0.8 0.4
P -0.8 0.5
MU
Hucnepcus 2.4 2.0
Josa B qucniepcuu % 40 34

IIpumeuanue: 3HaunMble GaKTOPHBIE HATPY3KU [IPU3HA-
KOB BBI/IeJIEHBI )KUPHBIM MIPU(TOM.

/ N-3 \
4 i | -
MRS L s
- ' >4 -
1 L]
=
=
0 N2
% )
= N-2
1 »
N2
-
\ N-2 /
.
3
3 2 1 0 1 2 3
TK1: 40%

Puc.7. OpauHanys cTaHiuil Ha p. HersimHke B ocAX nep-
BOI U BTOPOH IJIaBHBIX KOMIIOHEHT IIO ITOKa3aTeJiAM XHUMHU-
yeckoro cocrasa Boanl p. Hersimuku B 2015 r. 6e3 ydera
nokasaTeJiell, XapaKTepU3yIOIUX BJINAHNE NPUPOAHBIX dak-
TopoB. KBazpar 1 — mpo6bl BepxHero y4actka peku (N-1),
KBaJipaT 2 — npoObl TOPOJCKUX y4aCTKOB

ITokasaTesm 2014 r. 2015r.
¢oHOBBII TOPOJICKOI y4aCTOK ¢oHOBBII TOPOJICKOM yYaCTOK
Y4acTOK Y4acTOK
cr. N-1 cr. N-2 cr. N-3 cr. N-1 cT. N-2 cr. N-3
OYB, ~10° xJ1./MJI 0.6-4.02 1.10-18 0.85—5.26 0.42—1.78 3.04—7.46 1.57-5.21
0.97 £0.42 5.7+2.75 3.53+0.79 1.15+0.35 3.49+0.72 2.78+0.7
CB, -10° KOE/mu 0.15-3.96 1.8-196 6.1-28 0.03-0.24 0.1-45.9 0.18—3.0
1.22+0.82 70.6 +53.8 13.5+3.47 0.1+0.02 20.6+11.8 0.78+0.24
OKB, -10® KOE/n 0.33-389 130-6400 111-1464 1.22—40.67 300—1324 38.4—225
15+21 3545+1486 464 + 267 9.61 £5.64 593+218 75+23
CB/0OYB, % 0.04-1.03 0.33-6.79 0.36-6.77 0.004-0.08 0.007-2.08 0.02-0.26
0.2+0.14 1.2+1.76 1.0+£0.25 0.01+0.01 0.8+0.49 0.05+0.01

Hpnmeqaﬂne: B YMCJIMTEJIe — Min-max — MUHUMaJIbHble U MaKCUMaJIbHbIe BE€JIMYMHLBI, B 3HAMEHATEJIE — ME€lriaHa U €e ommoKa.
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4. 06cyxpeHue
4.1. OueHKa KauecTBa Pe4HOH BOAbI P.
HerAMHKM No XMMHUYECKHM NoKa3aTenam

Kak nokazasn aHam3 XMMHUYeCKUX JaHHBIX MeTO-
JOM TJIaBHBIX KoMmoHeHT (pasgesn 3.1.3), OCHOBHOM
mpo0JieMOl OIleHKU KadecTBa BoAbl p. Hernmuku no
XMMUYECKUM IIoKa3aTeJIIM fBJIAETCA BJIMSAHNE aHTPO-
norensoro ¢akropa (P ., P . BIIK)) Ha ¢one BO3-
JeNCTBUSA PErMoOHaJIBHOTO MpUpoIHOTro dhakTopa (1IBeT-
HocTh, pH). JIBa dakTOopa BHECJIM 3HAYKUMBIN BKJIAJ] B
pasfiejieHrie CTaHIMI Ha JABe I'PyNNbl — CTaHLUM, pac-
MoJIOXKeHHble HAa (OHOBOM ydacTKe (mepBas TpyIima)
Y CTaHIVH{, PacloJIOXXeHHbe Ha OPOACKUX ydyacTKax
(BTOpas rpymmna).

Juia nuddepeHIIMPOBAaHHOMN OIEHKU BJIMAHUA
ABYyX (axTOpoB ObLI BHINIOJIHEH pacueT YKH3B no asym
HabopaM pAaHHBIX. IIpu 3TOM @Ipu pacuyeTe HHAeKca
OBLIIM MCIIOJIb30BaHBI JaHHble 3a 2015 r., Korga ObLI
MoJiyyeH HauboJjiee MHPOKUHN IepeuyeHb XUMHUYeCKUX
nokasatesieil. Ha nmepBoMm sTame pacuer YKIM3B ObL1
BBHINOJIHEH C HCIIOJIb30BaHUEM Bcero Habopa xumuue-
CKUX MOKazaTeslell. PacueTsl mokasaiy, 4To Ha BceM
MpoTsXKeHuu pycia p. HernmHku Boja Ha U3y4eHHBIX
CTaHIMAX XapaKTepusyeTcs IOBBHIIIEHHEIM YPOBHEM
3arps3HeHus, KOTopoe ObLJIO CBA3aHO KakK C IOKasa-
TeJIIMY, OTpaXalolMH aHTPOIOTeHHYI0 Harpysky,
TaK U ¢ [OKa3aTesIAMH, CBA3aHHBIMU C BO3ZelCcTBUEM
3a6oJioueHHoi BofgocGopHou Teppuropun (pH, Fe .)
(Tabmaura 10).

ITo nutepatypHbIM naHHBIM (BoponynuHa, 2013;
Bopoaynuna u ap., 2020), BeIcOKOe cofiepxXaHue Fe .,
1 Hu3kue rnokasarenu pH B Boge p. Hersmuaku ortpa-
XKaloT BJIMSHNE perMOHAJIbHBIX [IPUPOAHBIX (aKTOPOB.
B cBA3M ¢ 3THM, Ha BTOPOM 3Tane 13 pacyetoB YKU3B
ObLIM WCKJIIOUEHBl I[IOKas3aTesd, XapaKTepusyoliue
BJIMAAHUE PperdoHajbHOro NnpupofgHoro ¢akropa, B
cooTtBeTrcTBUM ¢ PJ1 52.24.643-2002. HoBBIE pacyeThl
[oKa3aJju, 4To BoAa p. HersimHku B BepxHeM TeueHUU
COOTBETCTBYeT YMCTBIM BOJaM, B TO BpeMs KakK IIpu
TpaH3uTe 4Yepe3 I. IleTpo3aBoACcK cTaTyc BOABI Pe3KO
MeHseTCs Ha «TpsA3Hble» WU «3arpsA3HeHHble». TaKuM
o0pa3oM, ObLIa MOJiydeHa HOBas OLleHKA 3arpsA3HEeHHO-
CTH BOJBIL, KOTOpas I03BoJIiWa 0oJjiee TOYHO BBIABUTH
aHTPOIIOTEHHO M3MeHeHHble ydacTKu p. HernmmnHku u
creneHs ux 3arpsasHenus (Tabauna 10).

4.2. OueHnka KauecTBa BoAbl p. HernmHku
Nno MMKPO6HONOrHUEeCKMM NoKa3aTenaM

[Ipo6neMa oLeHKU KayecTBa BBICOKOLIBETHBIX
BO/J] 10 MUKPOOMOJIOTMYeCKUM [ToKa3aTeJsIAM CBsA3aHa C
MaJio U3y4YeHHBIM B HacTosllee BpeMs Bo3elicTBHEM
TyMYCOBBIX BellecTB Ha OaKTepuii.

W3BecTHO, YTO I'YMHHOBBIe U (PYJIbBOBHIE KHC-
JIOTHI MOTYT OKa3blBaTh Ha OakTepuil Kak CTUMYJIMPY-
ollee, Tak U yrHeramoilee Bo3aeiicreue (Visser, 1985;
Tranvik and Hofle, 1987; Jones et al., 1988). TpyaHOCTb
OHOMHAVKAIIUY BBICOKOLIBETHBIX BOJ oOIpefesifercsa U
TeM, 4YTO OOJIBIIUHCTBO OMOJIOTMYEcKUX Kiaccuduka-
LU paccMaTpUBAIOT BJIMAHNE aHTPOIOreHHOro ¢ax-
TOpa Ha BOJOEMEHI 0e3 yuyeTa pernOHaJIbHBEIX 0COOEHHO-
creit ux Bof ([Ipaues, 1964).
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Puc.8. IlpoctpanctBeHHOe pacnpepeneHue OYb, Cb u
OKBb nHa crannuax p. Hernmuaku B 2014-2015 rr.

Ta6suna 9. Yposau 3Haunmoctu U-kputepus ManHa —
YUTHU MeXAy 3arOpoJHbIM y4aCcTKOM PeKH U TOPOJCKUMU B
p- Hernuake B 2014-2015 rr.

IToxaszaTenn DOHOBHIH YYACTOK / T'opoxackoii
Topojckoii yaacTox y4acToK
cr. N-1/ cr. N-1/ cTt. N-2 /
cT. N-2 ct. N-3 ct. N-3
2014 r.
O4YBb 0.006* 0.110 0.035
CB 0.006 0.002 0.085
OKB 0.004 0.006 0.142
2015r.
O4YBb 0.004 0.016 0.200
CB 0.004 0.004 0.020
OKB 0.004 0.006 0.004

IIpumeuanue: * JXupHbM MpUPTOM yKa3aHBI HArpy3Ku
TIPU3HAKOB C JOCTOBepHBbIM BKjIazoM (p < 0.05)
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Jna pemieHusa npo6ieMbl OMOMHAVKAIUNA Kade-
CTBAa BOABI C BHICOKMM COJepXXaHHeM TI'yMYyCOBBIX
Bell[eCTB, B IpeAplAylUx HccienoBaHuax (Maxaposa
u fp., 2023), Ha npumepe 12 npuTokoB OHEXCKOIo
o3epa OblIa pacCMOTpeHa CTPYKTypa CBf3el MexAy
xumnyeckumu (pH, nperHocts, XIIK, BIIK,, Fe . 0,,
coflepkaHre B3BEIIEHHBIX BelecTB ¥ P ) M MHUKpO-
o6uosornyeckumu  (OYB, rereporpodHble OakTepuu,
CB, obujee mMukpobHoe umciio, OKB, ¢eHosI0KHCAO-
mue 6akTepuu, yrjeBOAOPOAOKUCIIAINIME OaKTepuu)
nokasaTeJsIAMH BoAbl. bbla BbIABIeHA BhICOKasA Koppe-
JIAIMA MUKPOOHOJIOTMYeCKUX MoKasaTeJsiell ¢ coaepka-
HUeM JIeTKOMUHepaJIn3yeMOro OpraHhYecKoro Belle-
CTBa, OTpaxarolliM aHTPOIIOTeHHOe BO3AelicTBUe Ha
peKH, U OTCYTCTBHE CBA3el C IoKasaTe/IAMH, Xapak-
TepusyoluMy BiauAHHe 3a00JI04eHHOro Bojocbopa.
Takum o6Opa3oM, Oblla [JoOKa3aHa IPHUMEHHUMOCTb
o0IIenpuHATHIX KjIaccuduKkanuil 4jid OlleHKU KadyecTBa
BOJl BBICOKOIIBETHBIX IIPUTOKOB, HaXOMALIMXCA IIOX
aHTPOIIOTeHHBIM BJIMAHNEM, 10 MUKPOOHOJIOTUYeCKUM
roKasaTeJIAM.

CorsjacHo OWOMHAWKAIMK KayecTBa  BOJBI
p- Hermunku (Ta6bnuma 8), Boga Ha (oOHOBOM ee
y4yacTke 1o MeJuaHHBIM IokasaTtesiam Cb/OYb B 2014
I. COOTBETCTBOBAJIA «3arpsA3HEeHHbBIM» BoaaM, B 2015 r.
— «yuCcThIM». Bofa Ha cT. N-2 3a oba roga no menu-
aHHBIM IIOKa3aTeJIAM COOTBETCTBOBAJ KJIACCy «Ips3-
HBIX» BOJ, Ha ¢T. N-3 B 2014 r. — «rpsA3HBIM», B 2015
. — «3arpsA3HeHHbIM». B nesioMm B 2014 r. 4ncyIeHHOCTD
O6akTepUOILIaHKTOHA Oblj1a BhIIIe TI0 cpaBHeHMIo ¢ 2015
r. (Puc. 8), 4TO, BepoOATHO, CBA3aHO C MeTeopoJjoruye-
CKUMH YCJIOBUAMHU — pasHBIM KOJINYeCTBOM OCaJKOB,
00yCJIOBIMBAIOIINM TOCTYIIEHWE OakTepuil C ceJu-
TeOGHOI TeppUTOPHUU.

Menuannsie 3HaueHua OKB (Ta6smia 8) mosce-
MECTHO IIpeBBIIad CaHWTapHBIe HOPMBI AJIA peKpe-
allMOHHBIX 30H, KoTopble cocTaBiaAnT 5000 KOE/m.
Tak, Ha (OHOBOM y4acCTKe peKU IpeBblllieHre HOPMBI
Habofanock B 2-3 pasa, Ha cT. N-2 — B 119-709 pa3,
Ha cT. N-3 — B 15-93 pasza. MHorokpatHoe IpeBbIllie-
HUe caHuTapHbIX HOpM KosmdectBa OKB cBupaeresin-
CTBYyeT 0 He(JIaromnojy4Hol caHUTapHOU CUTyal[uu Ha
peke.

Takum oOpa3oM, OlLleHKa KayecTBa BOJBI IIO
MHKpPOOMOJIOTMYeCKUM II0Ka3aTesIsIM I[I03BOJINJIA BhIA-
BUTh HENpUroAHOCTb p. HerjmHKU AjiA peKpearyioH-
HOI'O HCIOJIb30BaHUA. BaxHelimen 3agadell ABjsAeTcCA
IpoBefleHre IIHPOKUX MEepOIpUATHI [0 IpedoTBpa-
IIeHNI0 3arpsA3HEHUs pevyHBIX BOJ CTOKaMU C IOpOA-
CKUX TeppUTOPUIN. AKTyaJbHOCTb YJIy4IIEeHUS 3SKO-
JIOTUYecKON cuTyalid Ha BoAocOope ycUJIMBaeTcCA
B CBA3U C TeM, YTO ycTbe p. HersimHKM pacmnoJioxeHo
BO/IM3U BOJo03abopa NUTHEBON BOJBI [Ji HaceJieHUs
r. Ilerpo3aBojacka.

4.3. OueHKa TOKCHYHOCTH BOADI

B pesyspraTre  GHOTECTUPOBAaHUA  BOZBI
p. Hernunky, nputoka OHEXCKOro o3epa, NMpoTeKaro-
mero no yp6baHu3upoBaHHOU TeppuTopuu, O6bly1a 06Ha-
pyXeHa mapajokcajibHas curyanusa. [IpoObl pedHOI
BOZBI, OTOOpaHHbIe Ha GOHOBOM y4YacTKe, He CIIBIThIBA-
IoI[eM KaKoro-JIM0O0 3arps3HeHNs, NPOSBUJIN BBHICOKYIO
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TOKCUYHOCTH JJIs1 BETBUCTOYCHIX paukoB C. affinis. B To
e BpeMs, Ha CTaHIMAX, pacloJIOXKeHHBIX B Npejesax
TeppUTOPUHU KpynHoro I. [leTpo3aBoAckKa, rje oTMeyda-
eTcs KOHIIeHTpallA HCTOYHUKOB 3arps3HeHus, peyHble
BOABl OKAa3aJICh HETOKCUYHBIMU [JII BETBUCTOYCHIX
PAuKOB B 2-CyTOYHBIX OIBITAX.

Jna oObsACHeHWA 3TOro MPOTHUBOpeYUs ObLIN
[IpUBJIeYeHbl JaHHblE 110 XMMHYECKOMY COCTaBy BOIBI
p. Hernueky, a MMeHHO, aKTHMBHOH peaklU CpeJbl
(pH) u nBerHoctu Boabl. Peunwie Boabl co cr. N-1,
OKa3blBalol[ye JleTaJbHOe JeliCTBHe Ha PayKoB, Xapak-
TepU30BaJINCh OYeHb HU3KOM BeauunHoi pH. Tak,
B 2014 r. 3HaYeHUs aKTUBHOU peakluu cpedbl ObLIU
MyuHUMasnbHbIMU (4.3-5.4) B Mae, uioHe U HosOpe
(Puc. 10 A). IMeHHO B 3TH MeCAIB OTMevajach IOJI-
HasA rubesib pauykoB B Ipobax. B aBrycre, ceHTAGpe U
oktsa6pe 2014 r. BenuuuHa pH Bospacraina (5.7-6.6),
4TO COIIPOBOXJAJIOCh YyBeJIMYeHHEM BbDKHMBAEMOCTHU
pauxoB B npobax go 80-100%. B 2015 r. Bo Bcex npo-
6ax Bonbl pH Oblna oueHb HU3KoM (4.3-5.2). Ilpu atux
3HaueHUsx pH Bce npoOB BOABI OKAa3aJIMCh JIeTajlb-
HBIMU U1 paykoB C. affinis.

[TpoOsI peuHoil BoAsl Ha craHOUAX N-2 u N-3 B
2014-2015 rr., KOTOpble He BBHI3BIBAJIN TOKCHYECKOTO
abdekTa, B TeueHHe Bcero Iepuofa HabI0JeHUN
XapaKTepu30BaJuCh 3HAYUTeJBHO OoJjiee BBICOKUMHU,
yeM Ha cT. N-1, BesimunsamMu pH BoJbl, M3MeHABIIN-
Mucs B npefesax 6.5-7.9 (Puc. 10 b, B).

Jna BeIABIeHUA (aKTopa TOKCMYHOCTH PEYHBIX
BOJ| OBLJIO BHINOJIHEHO cpaBHeHMe BesanuyuH pH u 1BeT-
HOCTU Ha pa3HBbIX ydacTkax p. Hernunku. MeguaHHble
3HaueHWs M CTaHJapTHele OMMOKM BeJauyuHbl pH
peuHoii Bomel 3a 2014-2015 rr. Ha TpexX CTaHUMAX Ha
p- Hernunke nipencrasyieHs! B Ta6muie 11.

[Tpu nonapHoM cpaBHeHMU BeqnuuH pH Ha Tpex
CTaHIMAX C MCIIOJIb30BaHKEM KpuTepusa MaHHa-YUTHU
6bLJ10 BBIABJIeHO 3HauuMoe (p < 0.05) paznuune Mmexay
BesimunHaMmu pH Ha c1. N-1, a Takxe 3HaueHusAMU pH
Ha cTtaHuuax N-2 u N-3. B To ke Bpems, MeXay CTaH-
usaMu N-2 u N-3 3HaueHus pH peuyHoli Boibl 3HaYMMO
He pasnudainuch (p > 0.05).

Ha rpaduke B ocax, oTpaxamomux 3HaueHusa pH
U TOKCUYHOCTb peuyHoli Bojibl (Puc. 11), Bce nmpoOkI oKa-
3aJIMCh pasfieJIeHHBIMM Ha ABe IPYIIBl — JleTaJbHble
IpoOBl ¢ HU3KUMHU 3HaueHUAMU pH U HeTOKCHUYHBIE
po6sI co 3HaUeHUAMU pH, 6JIM3KKMMU K HEUTpaJIbHBIM,
WM cO cJIabOKHCIJION peakluell cpeabl.

Becbma BaxHO, 4TO rpaHuna o BeauurHe pH
MeX[y JieTaJbHBIMU U HeTOKCUYHBIMHU IIpo0aMu OKa-
3ajach oueHb yskad, Bcero 0.3 en. pH — B AuamnasoHe
5.4-5.7 (Puc. 11). 3To OOKa3bIBaET, UYTO IJIaBHOU NpU-
YrHOU rubesin TecT-o0beKTOB B BoJe p. HeramHku co
ct. N-1 ObUIM HU3KME BeJTUYUHBI pH.

[To JsureparypHbiM [naHHeEIM (Belanger and
Cherry, 1990), moporoBsle YpOBHU HHU3KUX 3HAYEHUI
pH nua paukoB Ceriodaphnia dubia cOOTBETCTBYIOT
BennunHe (48 u) LC 50 kucsibix BoJ co 3HaueHUeM pH,
paBHBIM 4.6. TakuM o6pa3oM, BesinurHa pH, BHI3BIBaO-
1m1as rubesb BETBUCTOYCHIX paukoB C. affinis 3a 48 yacos,
oueHb OJiM3Ka K HaOJ04aeMbIM B 3KCIIEpHMEHTax IO
6uoTecTpoBaHUI0 BoAbl p. HersmmHku 3HaueHusam pH
JieTajbHBIX Mpo6 Bofwl (4.3-5.4). OTO CIIyXUT NOMOJI-
HUTEJIbHBIM JI0Ka3aTeJIbCTBOM KpUTHYecKoHn posu pH
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Puc.9. CezonHoe pacnpepesienrie OUB, OKB u Cb (ctanagapTu3upoBaHHBE 3HaUeHNsA) Ha cTaHUuAX p. Hernuuku B 2014 u

2015 rr.

[T BEDKMBaHUA/TUOenn paukoB C. affinis B aKcrepu-
MeHTax 1o OMOTeCTUPOBAHUIO BOAHI p. HersmmHku.

B cBolo ouepenpb, MpUYMHON HU3KHAX 3HAYeHUN
pH peunoii Boapl Ha GOHOBOI cT. N-1 sABjIAeTCA BHICO-
KOe cojJiepaHue B BOAEe I'YMHHOBBIX KUCJIOT, IOCTY-
napomux B p. Hersimeky ¢ 3a60J104€eHHOrO B BepxHEM
TeuyeHUM Bogocoopa. OO 3TU CBUAETEIbCTBYET BHICOKAA
LIBETHOCTb BoAbl, KoTopas Ha cT. N-1 B 2014-2015 rr.
BapbupoBajsia B Ipefesniax 98-380 rpaa. MeauaHHbIe
3HaueHus U CTaHAapTHble OomMOKM MeauaHbl IOKa-
3aTeJjiell LBETHOCTHM BOABI Ha pas3HBIX CTAHIUAX Ha
p- Hernmunke npepncrassiiensl B Tabmuue 11. Huszkue
BeJIMYMHBI PH 1Ipy BEICOKOH LIBETHOCTH BOABI SBJIAIOTCA
XapakKTepHOH 4epToil MHOrMX peudHbIX Boj Kapenuwu,
IIOCKOJIBKY TyMyCOBble KHCJIOTBL BHOCAT OCHOBHOH
BKJIaJl B KUCJIOTHOCTD cpefibl (Lozovik, 2013).
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OTCyTCTBHE TOKCHYHOCTHU BOAB p. HersmHKU
Ha TOPOJACKHUX y4YacTKaX MOXHO OOBACHUTH BIUAHUEM
MOA3EeMHBIX BOJI, KOTOPBIE CIIOCOOCTBYIOT YBEJTUYEHUIO
pH Boasl peunsix Bof (Andronikov et al., 2019). B cBoro
oyepe[ib, MpY MOBbIIeHUX pH A0 3HaUYeHUN 6 yCHUJIU-
BaeTcsA KOMILIEKCOOOpa3oBaHUe Xejie3a U T'YMYCOBBIX
kuciot (Fang et al., 2015). Komruiekcoo6pa3oBaHue
NPUBOOUT K YMEHBUIIEHUID TOKCHYHOCTU TSKEJIBIX
METAJUIOB AJ1A OWOTHl M3-3a yMEHbLIEHUA WX OGHo0-
crynHoctu (Moiseenko, 2019; Lozhkina et al., 2020).
Tak, B pe3ysjbTare CBA3BIBAHUA TKEJIBIX METAJLJIOB
TYMHUHOBBIMH KHUCJIOTaMU W OpPraHUYECKUMHU Belle-
CTBAaMHU aHTPOMOTE€HHOT'0 MPOUCXOXKAEHUS OTMEYAIOCh
CHIDXEHHE TOKCMYHOCTU PEYHBIX BOJ IS BOAOPOCJIEN
Chlorella vulgaris (Vishnyakov et al., 2016).
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Cyapba TsoKesIbIX MeTaslIoB, MOCTYMAoMUX C
BOJOCOOPHOM TeppUTOpHH, B 3KocucTeMe p. HersmHku
ObL1a pocsiexena B pabore (Slukovskii and Polyakova,
2017). B ropojickoli uepTe BHISIBJIEHO OCe/laHUe XKeJle3a,
a Taxxe MukpoaJsiemeHToB (Cu, Zn, Cd, Sb, W) Ha gHO
p. Hernuuky u nx HakoIIeHNe B JOHHBIX OTJIOXEHUAX,
a TaKxe aKKyMyJiAuA B TKaHAX OJIMTOXeT, oOHTalo-
IUX Ha JHe peKu. Bpuio mokasaHo, yTo OOJIBIIYIO POJIb
B IIpolleccax HaKOIUIEHUs Ha AHe TsKeJIbIX MeTaJlJIoB
WUrpaloT OKUCJIBL JKeJle3a, KOTOpoe COAePXXUTCA B BHICO-
KHUX KOHIIeHTpaluax B Boje p. HernuHku.

TakuMm o06pa3oM, OCOGEHHOCTh 3KOJIOTHMYECKOMN
cutyanuu B p. Hernmnke cBA3aHa ¢ TeMm, 4TO MUHepa-
JIM30BaHHBIe TOJ3eMHEBIe BOABI BMeCTe C T'yMYyCOBBIMU
BelllecTBaMu (OPMUPYIOT FeOXUMHUYecKUl O6apbep Ha
Iy TU TsDKeJIBIX MeTaJIIOB ¢ ypOaHU3MPOBaHHOH TeppH-
Topuu B BoAy p. Hernmuku. TeM He MeHee, BBIABJIEH-
Hele mpesbinenysA K 1o copepxanuio HedTenpo-
JYKTOB MOXeT OIlpefesiATh XPOHUYeCKOe TOKCUYeCcKoe
JelicTBHe peyHbIX BOJ Ha ruapobuoHToB (JlykuHa
u BemuueBa, 2013). TIoTOK TOKCHYECKUX BEIECTB C
TOpOACKUX TEeppUTOpHUIl HalpaBjieH, IJIaBHBIM o0pa-
30M, B JIOHHbIE OTJIOXKEHUS PeKU. DTUM U O0bACHAETCA
OTCYTCTBHE OCTPOH TOKCUYHOCTHU BoAH! p. HernmHku Ha
TOPOACKON TeppUTOPHUU. Pe3ysbTaTel JaHHOTO HCCIIe-
J0BaHusA MOAYEPKUBAIOT HeoOXOOUMOCTh MAOIOJIHe-
HUA XMMHYeCKUX aHaJIN30B TecTaMM Ha TOKCHUYHOCTb
JUI BBIABJIEHWA NPUYMH ONACHOCTH PEYHBIX BOJ AJIA
BOJHBIX OpPraHU3MOB.

5. BoiBOABI

l'eoxuMmnyeckue perdoHajibHBIE OCOOEHHOCTU
HU3y4eHHoro npuroka OHexckoro o3epa — p. Hersmukuy,
npoTekawieii no ypOaHM3WPOBAaHHOI TeppPUTOPUU,
omnpefe/nd TPU OCHOBHBIX IIpOOJIeMB! IIPU OlieHKe
KayecTBa peYHBIX BOJ.

[lepBaa mpoOGsiema Oblia CBA3aHAa C BBICOKUMU
KOHIIeHTpal[AMHU XKeJjie3a, MOCTYMNAoLlero ¢ Mnoa3eM-
HBIMH BOJaMH, ¥ CTOKOM I'YMYCOBBIX BellleCcTB ¢ 3a60J10-
YeHHBIX BOJOCOOPHBIX T€PPUTOPUMN. DTU KOMIIOHEHTHI
omnpejend HHU3KOe KayecTBO BOAB Ha (HOHOBOM
y4acTKe MPUTOKA, KOTOPBIIl He HCIBITBIBAET aHTPOIIO-
reHHoe BosfelicTBue. Ha ¢oHe HeraTuBHOIO BIMAHUA
npupoAHoro ¢pakropa Ha KauecTBoO BoAbl p. HersmHkwy,
MeToAnYecKrue TPYAHOCTU OBUIM CBA3aHBI C BBIABJIE-
HHUeM 30H aHTPOIIOTeHHOro BO3JeiCcTBUA. PemnTs 3Ty
npo0JieMy IO3BOJIWJIO HCIIOJIb30BaHHE MOAUGULNPO-
BaHHoro YKH3B, nipu pacuetre KOTOPOro ObLIN HCKJIIO-
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Puc.10. MexromoBas (2014-2015 rr.) u ce3oHHas AUHAMUKa
rmokasarteJiell BBDKMBAeMOCTH paukoB C. affinis B mpobax BoOABI
p. Hernuuky, BesmmuuHbl pH U nBeTHOCTU BOABI Ha cTaHIMAX N-1
(A), N-2 (B) u N-3 (B); L — neBas ocs, R — mmpaBas ocb.

Ta6smna 10. XapakTepucTuKa 3arps3HeHHOCTH U 3HaueHusa YKU3B, 1o coBOKYNHOCTH HOPMMPOBAaHHBIX NokasaTesiell Ha p. Hersnunke

CraHnuu YKH3B XapaKTepHUCTHUKa COCTOSHUA IToka3saresiu ¢ npeBbienveM ITJJK
3arpsA3HEHHOCTH BOJBI
C y4eToM BCeX M3yUYeHHBIX XMHUYeCKUX IoKa3aTesein
Ct. N-1 3.25 306, oueHb 3arpsA3HeHHasA pH, Feow
Crt. N-2 5.44 4a, rpa3Han Feow O,, BIIK,, Pw, HedTenpoaykTel, BB
Cr. N-3 3.67 36, oueHb 3arpsA3HeHHasA Fe _ BIIK, P, BB
MU
Be3 yueTa perroHajIbHBIX IPUPOAHBIX XUMUYECKUX [ToKa3aTesieit
Cr. N-1 0 Yc10BHO yncTas —
Crt. N-2 4.96 4a, rpa3Han O,, BIIK,, PW, HedTenpoaykTel, BB
Cr. N-3 2.63 3a, 3arpsA3HeHHas BIIK,, PW, BB
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YeHBI TI0Ka3aTeJI XMMHUYeCKOr'0 COCTaBa, OTpaxaroliye
BJINSIHME TNPUPOAHBIX (GakTopoB. IIpuMeHeHue peru-
OHAJIBHOI'O IOJXOAa IO3BOJIMJIO YTOYHUTH 30HBI BJIU-
SIHUA aHTpomnoreHHoro ¢daxkropa Ha p. HeryimHky, yTo
BAXHO [UJIA 1LIeJIeBOrO MPHUHATHUS NPUPOJAOOXPAHHBIX
Mep.

Bropas mpofiiema cBsf3aHa CO CJIOXKHOCTBIO
WHTepIpeTalui AaHHBIX OHOMHJMKAIMM KayecTBa
BBICOKOILIBETHBIX BOJI [0 MHKPOOMOJIOTMYECKUM IOKa-
3aTenaM. OcCTaBaJIoCh HEM3BECTHHIM, BJIMSAHME KaKOTo
daxTopa, MPUPOJHOTO WJIM AHTPOIOTeHHOro, OTpa-
KaloT IoKasareJsii 6akTepuoIIaHKTOHA. ViceiefoBaHNe
CTPYKTYPHl CBfI3ell MeXJy MUKPOOHOJIOIMYeCKUMU
U XUMHUYECKUMM I[OoKa3aTesIAMMY, AOoKasaBllee WHAU-
KaTOpHYI0 poOJib 0aKTepHOIUIAaHKTOHA [JifA OLeHKU
KavecTBa BBICOKOI'YMYCHBIX BOJI, [TO3BOJIMJIO BBLIBUTH
He61aronoJiyyHele 30HH B p. HernmHke o MUKpoGHo-
JIOTUYeCKUM IoKa3aTessiM. BhlsABiIeHa HeNpUrogHOCTb
p. HersmHku 11 peKpealOHHOTO KCIOJIb30BaHMUS,
YTO oIpefesiieT HeoOXOOUMOCTh NPOBEAEHUA Mepo-
MPUATUN [0 MpelOoTBpAIleHUI0 3arpsi3HeHUs PeyHBIX
BOJ CTOKaMU C TOPOJICKUX TEPPUTOPUIL.

[Tpobsiema GuoTeCTUPOBaHMs PedHBIX BOJ ObLia
CBA3aHA C HU3KMMU 3HayeHUAMU pH peuyHO!l BOJHI,
oTlpeIeIUBIINMHU BEICOKYI0 TOKCUYHOCTh BOJIBI Ha GOHO-
BOM yuacTke p. HernuHky, He moABepKeHHOMY aHTPO-
[IOreHHOMY Bo3[lelicTBUI0. Ha 3arps3HeHHBIX y4acTKax
p. HersmHku TOKCcHYecKre CBOMCTBA BOMABI OTCYTCTBO-
BaJI U3-3a O6apbepHOI POJIM IMOA3EMHBIX BOM, MOCTY-
IJIeHHe KOTOPHIX NPUBOAWIIO K yBesndeHuio pH BoJH,
U KOMIUIekcooOpa3yiomlell CrocOOHOCTH TyMYyCOBBIX
BelleCcTB, KOTOPble CHIDKAJIN OUOJOCTYITHOCTD TSIKEJIBIX
MetasuioB. MccilefoBaHUsA MOKa3aiy, YTO NPU OIleHKe
TOKCUYHOCTY BBICOKOI[BETHBIX BOJ TOKCHUKOJIOTHYECKIe
MeTOIBl [JTOJDKHBI HCIOJIB30BAThCS HCKJIIOUUTEIHHO
B KOMIUJIEKCE C TMAPOXMMUYECKUMM U MHUKPOOUOJIO-
TUYeCKUMHU METOJlaMH U CJIYXUTh IJIA pacumdpoBKU
CJIOXHBIX MEXaHMU3MOB B3aUMO/IEHCTBUSA IPUPOIHEIX U
aHTPOIIOTeHHBIX (GAaKTOPOB.
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Ta6auna 11. MenuaHHble 3HaUeHUs U CTaHJapTHBIE
omubKy BeJMUUHBI pH U I[BeTHOCTU pedHOil BoAwl 3a 2014-
2015 rr. Ha Tpex cTaHUUAX Ha p. HernuHke.
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