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Abstract. The influence of hydrological and meteorological factors (water temperature, precipitation,
intensity of external water exchange, water inflow into the reservoir, discharge to the downstream, water
level, reservoir volume) on the chemical composition of water (content of dissolved oxygen, suspended
solids, nitrates, nitrites, compounds containing ammonium nitrogen, sulfates, chlorides, phosphates, a
number of organic substances and heavy metals) of Novosibirsk Reservoir in the mean-water years was
analyzed. The period of reservoir filling in spring and the period of water level standing at the normal
maximum operating level in summer were investigated as the times most important for water quality and
biota development in the reservaoir.
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AHHOTaLUMA. YCTaHOBNEHO BMNUSHWE MMOPONIOrMYECKNX U METeoponormyeckux akropos (temnepary-
pbl BOAbIl, aTMOCKEPHbIX 0CaAKoB, NPUTOKA BOAbI B BOAOXpaHWMLe, COpoCcoB B HMXKHUIN Bbed, ypoB-
HA 1 oObemMa BO4OXPaHUMLLA, MHTEHCUBHOCTM BHELUHEro BoA0OOMeEHa) Ha XMMUYECKMIA COCTaB BOAbI
(cooeprkaHMe pacTBOPEHHOrO KUCMopoda, B3BELUEHHbIX BELECTB, HUTPaTOB, HUTPUTOB, COEANHEHMN,
cogepXalmux aMmMOHWIAHBIM a30T, Cynbdaros, XnNopnaos, docdaTos, psga opraHMYecKkMx BewwecTB U
TSOKENbIX MeTannoB) HoBOCHMBUPCKOro BOAOXpaHMMLA B cpegHue no BOAHOCTM roabl. PaccMoTpeHbl
nepuoabl BECEHHEro HaMoMHEeHM BOOOXPaHUNULLA M feTHeN ctabunmsaunm ypoBHS BOAbI HA OTMETKE
HOpPMarbHOro MOAMNOPHOIO YPOBHSA Kak nepuogbl (hopMupoBaHMs kadyecTBa BOAbl BOAOXpaHWMLA U
Hambonee akTMBHOIoO pa3BnUTMS BNOTLI.
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Introduction

The construction of large hydraulic systems is the cause of a number of large-scale changes
in the natural environment. Compared to natural conditions artificial reservoirs show reduction in
flow rate, water exchange, water turbulence, and develop environment promoting the appearance of
stagnant zones. The lower the water exchange, the lower is the dynamics of the physical and chemical
properties of water in reservoirs. A decrease in flow rates leads to disruption of the flow of suspended
particles and a decrease in their content in the water. In the summer—autumn period, water aeration
improves and the intensity of self-purification processes increases due to the large area of water
surface (Atavin et al., 1997; Matarzin, 2003). On the other hand, autochthonous organic matter is
more intensively formed resulting from a significant increase in biological production as a result of the
influx of suspended sediments, dissolved substances containing nutrients and organic compounds and
an increase in the average annual temperature of water masses in the reservoir, i.e. when favorable
conditions for eutrophication are created (Avakian et al., 1987; Nazari-Sharabian and Taheriyoun,
2022; Wang et al., 2022).

The rate and nature of environmental conditions depend on the volume of the reservoir, its
hydrological regime and the intensity of water and biological resources management.

The water quality in reservoirs is influenced by local natural conditions, meteorological factors, the
degree of eutrophication and pollution of the river on which the reservoir is formed, limnological features,
quantitative indicators of external water exchange, hydrodynamics and hydrophysical properties of the
water mass (Lecomte et al., 2022; Li et al., 2021; Nikanorov and Posokhov, 1985; Salnikov and Sappo,
2005; Timchenko, 2006; Wang, et al., 2023).

In reservoirs, the interaction of the hydrosphere, atmosphere and aquatic biota that developed
in the original river ecosystem is profoundly changed. Regulation of the hydrological regime occurs
through the artificial control, which for the most part determines the functioning of the reservoir,
including its hydrochemical component. The urgency for competent regulation of the hydrodynamic
regime is especially high, since the increasing technogenic impact on the ecosystem reduces the self-
cleaning capacity of reservoirs (Alekin, 1970; Calijuri et al., 2015; da Rocha et al., 2015; Li et al., 2021;
Rosenberg et al., 2011; Setegn, 2015).

Long-term changes in the hydrological and hydrochemical regime of the Novosibirsk reservoir
and its downstream regions can be as example of the generation of water quality in a large natural-
technogenic system (Chaikina, 1975; Dvurechenskaya and Yermolaeva, 2014; Lanbina and Karpeeva,
1985; Podlipsky, 1985; Savkin and Dvurechenskaya, 2014; Savkin et al., 2014, 2018; Vasiliev et al.,
1990, 1997).

At present time, the reservoir ecosystem has found itself both under anthropogenic pressure and
from complex of natural factors (Savkin, 2000; Savkin and Dvurechenskaya, 2018). The chemical
composition of water in the Novosibirsk reservoir is formed mainly due to the inflow of the Ob River.
Intake of chemicals with the Ob River water is predominant in the balance sheet account (93-95%). The
largest lateral tributaries do not make any significant contribution to the water quality of the reservoir
(no more than 4%). At the same time, they themselves may be subjected to increased environmental
stress, mainly due to the contribution of the anthropogenic factors (Dvurechenskaya, 2012).

Water quality in reservoirs depends not only on the amount of pollutants supplied by the rivers, but
also on the intensity of water exchange, water temperature, amount of precipitation, etc. As a result
of the regulation of water flow by reservoirs, the flow of chemicals is also regulated (Han et al., 2018;
Lecomte et al., 2022; Znamensky, 1981).

Thus, the study of water quality in reservoirs and the influence of various natural and anthropogenic
factors on it is a very important and urgent task.

The object of this paper is to study the influence of hydrological and meteorological factors on the
chemical composition of the water of the Novosibirsk reservoir in years of mean water content, during
period of the reservoir filling, and during the summer period of standing at the normal operating water
level; that is during the time of forming of the water quality of the reservoir and the time of the most
active development of its biota.
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Materials and methods

The work was carried out a study of the interaction between water quality of the Novosibirsk res-
ervoir and hydrological and meteorological characteristics for years of mean water level (1990, 1992,
1994, 1999, 2000, 2002, 2005, 2007 and 2009).

Water samples were taken at the agreed sites in the upper, middle and lower parts of the reservoir
(Fig. 1) using a Molchanov bathometer from a vessel at a depth of 0.6 h, where h is the depth of the
reservoir at the sampling point. Water temperature was measured simultaneously with sampling.

The periods of spring filling of the reservoir and summer stabilization of water level at the normal
maximum operating level have been considered. There are the forming of water quality in the reservoir
and the most active development of biota just during these periods.

Samples were taken during the period of open water from April to August, as a rule monthly. Chem-
ical-analytical works were carried out in the accredited Department for Quality Control of Natural and
Waste Waters of the Federal State Institution “VerkhneObregionvodkhoz” of the Federal Agency of
Water Resources of the Russian Federation according to standard methods for analyzing of natural
waters'. In total, 527 water samples were analyzed. The values of COD (chemical oxygen consump-
tion), the concentration of bicarbonate ions, chloride ions and calcium ions were determined by the
titrimetric method. The dissolved oxygen was measured by the iodometric method (Winkler's method).
The content of various forms of mineral nitrogen, phosphate ions and phenols was determined by the
photometric method. The content of sulfate ions was measured by the turbidimetric method. Oil prod-
ucts were determined by the IR spectrometric method. The metals content was measured by photo-
metric and atomic absorption spectrometry methods.

The following hydrological and meteorological parameters were considered: water inflow into the
reservoir and discharges to the downstream, the level and volume of the reservoir itself, water tem-
perature, atmospheric precipitation, air temperature, the intensity of external water exchange. Data on
the characteristics of the hydrological regime of the Novosibirsk Reservoir (the daily values of the av-
erage for the reservoir water level, inflow to the hydroelectric station and discharge to the downstream
were used from literary and reference materials?, 3. The coefficients of external water exchange are
calculated according to the formula of V.N. Stefan as the ratio of half-sum of the volume of the inflow
and discharge to the reservoir volume determined according to actual data on the water level for the
periods of time under consideration (Kitaev, 2009; Matarzin, 2003).

Meteorological information (air temperature, atmospheric precipitation) was obtained from the site
Meteomanz.com®. For the upper and middle parts of the reservoir data on the Kamen-on-Ob weather
station were used, for the lower part of the reservoir — on the weather station of Ogurtsovo.

Statistical manipulation of the data was carried out in the PAST program package. To analyze the
influence of a complex of environmental factors that a priori are dependent on one another, a Canonical
Correspondence Analysis (CCA) was used (Ter Braak, 1986).

Results and discussion

Previously, we determined strong statistically reliable connections (according to the Spirman
Correlation Coefficient) between the intensity of water exchange and a number of chemical substances
for the high-water year. The differences in these connections for the years of different water content (for
the low-water 2012 and the high-water 2013) were revealed. It was shown that in high-water years water
quality is more affected by the hydrological characteristics, while in low-water years intra-reservoir’s
processes influence mainly (Dvurechenskaya and Kondakova, 2020; Savkin and Dvurechenskaya,
2017; Savkin et al., 2020).

" Regulatory documents RD 52.24 included in the Federal list of measurement techniques approved for use when performing
work in the field of monitoring environmental pollution. Web page. URL: https://center-souz.ru/water/70-2009-05-04-10-33-51
(accessed: 27.02.2024).

2 State Water Cadastre. Annual data on surface water regime and resources, 1990-2009. Part. 2. Lakes and Reservoirs. Vol. 1.
Issue 10. Annual publication. West-Siberian Department on Hydrometeorology and Environmental Monitoring, Novosibirsk,
Russia.

3 Information system on water resources and water management of Russian river basins. Web page. URL: http://gis.vodinfo.ru
(accessed: 18.10.2022).

4 Meteomanz.com. Web page.URL: http://www.meteomanz.com (accessed: 20.10.2023).
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The waters of the spring floods play a decisive role in the formation of water masses of reservoirs
(Bogoslovskiy, 1980). The main inflow of water in the Novosibirsk reservoir occurs in May—June, in some
years — also in April and July (Fig. 2). The period from July to August is characterized by the greatest
development of the biota that also affects the quality of the water in the reservoir (Dvurechenskaya and
Yermolaeva, 2014; Savkin et al., 2014).

The within-year variability in the hydrological characteristics of the Novosibirsk reservoir (on the
example of 2005 — the mean one in water content) is shown in Figs. 2-3. The beginning and the end
of the period under consideration was marked by thick vertical lines.

During the investigation period, the water level in April-June intensively increases as a result of
the reservoir filling with spring flood waters, in July—August the water level is supported at the marks
close to the normal maximum operating level (Savkin et al., 2014). The average long-term date for the
beginning of filling the reservoir is April 14. The date of obtaining the normal maximum operating level
is June 17. In the years under consideration the beginning of the filling fell on April 7 — 18, and the end
was for the period from June 9 to July 9.

The Novosibirsk reservoir is a reservoir with a large water exchange (Fortunatov, 1974; Savkin
et al., 2014). The average-year intensity of external water exchange is 6.65 times/year. The most
intensive change in the water mass in the reservoir occurs in spring, with a maximum in May (Fig. 3).
In the years under study the water exchange coefficient was equal to 6.21-6.82.

The results of the study of the water chemical composition of the Novosibirsk reservoir connection
with hydrological and meteorological factors are presented in Tables 1-4.

The Canonical Correlation Analysis demonstrated that for the Novosibirsk Reservoir the eigenvalues
of the first four axes explain 87.48% of the variance in the relationship of the chemical parameters of
the water quality and the environmental factors. Moreover, the majority of the variance is explained by
the first and second axes (Table 2). Hence, further discussions will be given for these axes.

Analyzing the data of Table 3, we can conclude that axis 1 is determined by all considered
hydrological and meteorological parameters, and axis 2 is determined essentially by the water level,
volume of the reservoir, precipitation and water exchange coefficient.

Table 4 shows that the strongest relationship of the concentration of chemical substances (all forms
of mineral nitrogen, sulfates, phosphates, phenols, iron ions) was found with axis 1. On the other hand,
COD, nitrates, chlorides, phosphates, and phenols, ions of iron, copper and chromium demonstrated
significant relationship with axis 2.

As can be seen from the ordination diagram (Fig. 4), the content of chlorides, ammonium compounds,
nitrites, nitrates, phosphates, iron ions, manganese ions, magnesium ions positively correlate with
water exchange coefficient, the inflow and discharge of water in the reservoir and negatively with the
volume of the reservoir, the water level, the temperature of water and air, precipitation. pH values,
concentration of dissolved oxygen, alkalinity (HCO,™ ions) and oil products, on the contrary, are
negatively associated with the water exchange coefficient, but positively correlate with the volume of
the reservoir, water level, water and air temperature, and precipitation. No correlation was observed
between hydrological and meteorological parameters and COD, BOD and phenol concentrations.
These ingredients, apparently, are more dependent on the content of substances entering the reservoir
with the waters of the Ob River.

Our analysis makes it possible to conclude the significant effect of hydrological and meteorological
factors on a number of hydrochemical characteristics of Novosibirsk reservoir water quality. The
researches of other authors also confirm the same conclusion (Delpla et al., 2009; Dvurechenskaya et
al., 2010; Savkin et al., 2014, 2020; Skaland et al., 2022; Zhu et al., 2021).

The results obtained confirmed that the water temperature is one of the most important factors that
influence the transformation of chemicals in the Novosibirsk Reservoir water. The water temperature
affects the physical, chemical, biochemical and biological processes that occur in the reservoir, on
which the oxygen regime and intensity of self-purification processes largely depend (Grechushniko-
va, 2014; Dvurechenskaya et al., 2010; Panteli¢, 2015). In the Novosibirsk Reservoir, an increase of
temperature, in particular, leads to an increase in primary products and, accordingly, to the active con-
sumption of biogenic substances and a decrease in their concentrations in water.
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Fig. 1. Scheme of the Novosibirsk reservoir. 1 — sampling sites; 2 — boundary among reservoir parts; | — upper part, Il — middle
part, lll —lower part.
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Fig. 2. Hydrological characteristics of the Novosibirsk reservoir in 2005. 1 — inflow into the reservoir, 2 — discharge to the
downstream; 3 — water level.
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Table 1. The content of chemicals in the waters of the Novosibirsk reservoir in the years of mean water content. BOD — biochemical
oxygen demand over 5 days; COD - chemical oxygen demand.

Component Mean value Standard error
pH 8.131 0.020
HCO,", mg-eq/l 2.511 0.041
O,, mg/l 9.012 0.068
BOD, mgO,/I 2.818 0.086
COD, mgO/I 12.835 0.506
NH,*, mgN/I 0.451 0.029
NO,~, mgN/I 0.011 0.002
NO,", mgN/I 0.269 0.023
SO,>,mg/l 13.928 0.429
CI-, mgl/l 5.859 0.198
PO, mg/l 0.073 0.015
Ca?, mgl/l 30.222 0.492
Mg?*, mg/l 9.384 0.379
oil products, mg/| 0.206 0.020
volatile phenols,mg/l 0.002 0.0002
Fe3*, mg/l 0.339 0.019
Cu?, mgl/l 0.005 0.0003
Cr¥*, mg/l 0.00047 0.00003
Ni2*, mgl/l 0.001 0.0001
Mn?*, mgl/| 0.031 0.004

Table 2. Percentage contribution of the explained dispersion of individual chemical parameters of water quality.

Eigenvalue % explained variance
Axis 1 0.0075 36.55
Axis 2 0.0057 27.41
Axis 3 0.0026 12.67
Axis 4 0.0022 10.85

Table 3. Contribution of hydrological and meteorological parameters to factor axes. Kw — water exchange coefficient, t-air — air
temperature in the studied month, t-air-previous — air temperature in the month preceded the work, t-water — water temperature
in the reservoir.

Water Water Water Storage : t-air- Precipi-
infow discharge level volume Kw t-air previous tation twater
Axis1 0.145 0.139 -0.312 -0.321 0.285 -0.398 -0.396 -0.145 -0.368

Axis2 0.002 -0.011 -0.1812 -0.1809 0.106 0.013 -0.031 -0.187  -0.065
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Table 4. Indices of the bonding forces of chemical substances with factor axes. The most significant bonds are highlighted in bold..

Component Axis 1 Axis 2
pH -0.086 -0.076
HCO," -0.002 -0.041
O, -0.031 -0.051
BOD -0.015 0.055
COD -0.103 0.122
NH,* 0.142 0.159
NO," 0.159 0.080
NO,” 0.258 0.315
SO.* 0.162 -0.031
Cl- 0.044 0.151
PO,* 0.315 0.139
Ca?* -0.033 -0.047
Mg? 0.058 0.028
oil products -0.097 -0.007
volatile phenols 0.176 -0.206
Fe3* 0.322 0.156
Cu® -0.006 -0.145
Cr3* -0.164 0.135
Niz* -0.119 -0.024
Mn2?* 0.067 0.046

The determining influence of hydrological factors on the hydrochemical regime of the reservoir is
also shown. There is a “dilution effect” at high water exchange rates due to significant flow of water in
the reservoir. The important role of the hydrological characteristics that essentially affect the productiv-
ity of the catchment basin and the quality of water in reservoirs is also indicated in a number of other
works (Nazari-Sharabian and Taheriyun, 2022; Wang, et al., 2022, 2023).

Some studies discuss the role of atmospheric precipitation in the formation of hydrochemical regime
of reservoirs (Han et al., 2018; Lecomte et al., 2022). With more precipitation, the concentration of a
number of chemicals, primarily biogenes (phosphates and all forms of mineral nitrogen) decreases.
The pH-values do not change appreciably. However, the concentrations of the studied chemicals de-
pend more on temperature and hydrological parameters of the reservoir than on precipitation. In the
case of the Novosibirsk Reservoir a low level of effect of precipitation on the water quality can be an
indicator of the features of the catchment area.

Conclusions

The water quality of the Novosibirsk Reservoir is affected both by natural factors associated with
flow fluctuations of the Ob River, meteorological parameters, as anthropogenic factors, due to the
regulation of its water reserves (the regime of flushes in the downstream), the intake of pollutants with
the water flow of the Ob River and from point and diffuse wastewater sources.

It was shown that pH values, the concentration of dissolved oxygen, alkalinity, the content of
chlorides, ammonium compounds, nitrites, nitrates, phosphates, iron ions, manganese ions, magnesium
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Fig. 4. Ordination diagram (CCA — Canonical Correspondence Analysis) of the dependence of chemical ingredients on
environmental parameters; t-water — water temperature, t-air — air temperature, t-air previous — air temperature for previous

month, Kw — water exchange factor, Volume — reservoir volume, Level — water level, BOD — biochemical oxygen demand over
5 days, COD - chemical oxygen demand, oil — petroleum products, precipitation — atmospheric rainfall.

ions, oil products are correlated with the intensity of water exchange, inflow and water discharge, with
the volume of the reservoir, water temperature and atmospheric precipitation.

The Novosibirsk Reservoir is a water body with a small regulating prism and a large coefficient
of water exchange. Apparently, the fact that for a number of chemical parameters, such as BOD —
biochemical oxygen demand over 5 days; COD — chemical oxygen demand, phenols dependence
on the considered hydrological and meteorological characteristics does not evaluated. Their content,
apparently, is mainly determined by the influx of chemical substances brought by the Ob River.

The results of the work can be used to make the administrative decisions in the field of water

use, taking into account the forecast of changes in the water and ecological status of the Novosibirsk
Reservoir.
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