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Abstract. On the basis of the analysis of long-term data of chemical and biological monitoring,
the ecological state of the Kuibyshev reservoir (the Republic of Tatarstan, Russia) was defined.
There were used the dissolved oxygen, BOD, ammonium content and pollutants with excess of
maximum allowable concentration (15 ingredients in total) as markers of chemical pollution.
Total number of a zoobenthos and relative number of oligochaetes were chosen as biological
indicators. Based on chemical and biological indicators it was noted that the lower sites of the
Kuibyshev reservoir are less polluted in comparison with top sites which ecosystem now is in
transition state from equilibrium to crisis.

Introduction

By the end of the 20th century more than 45 000 large dams were constructed in more than 140
countries. It is expected that the construction of reservoirs will be a continuous increase in the future.
These artificial reservoirs meet needs of the human for providing with drinking water, electricity
generation, agricultural irrigation, industry, fishing trade and a recreation [2]. All this belongs also to
the Kuibyshev reservoir which is located in the central part of the Middle Volga area.

The enterprises of housing and communal services, the power and petrochemical industry,
agriculture make negative impact on a water quality of the Kuibyshev reservoir. The largest volumes
of the polluted waste waters come to the reservoir from the enterprises of the cities of Kazan and
Naberezhnye Chelny. Poor quality of water is the result of such influence. In the same time the quality
of the water is the prime factor which defines the existence and a possibility of water biological
resources using [3].

Significance/Relevance of the study

Two main approaches, chemical and biological, are used in surface waters monitoring system. The
first one is based on the determination of pollutants content and their comparison with the maximum
permissible concentrations (MPC), calculation of water pollution indexes. Despite the fact that this
system does not take into account the state of the biotic component of the ecosystem, at the same time,
formalized indicators, for example, the specific combinatory water pollution index are very useful and
informative for characterizing the dynamics of the anthropogenic component of the chemical pollution
of the hydrosphere. As an alternative to MPC, recently it has been proposed to use the so-called
ecologically permissible levels, developed by mathematical modeling methods for individual regions
with taking into account the biotic component by in situ methods [4, 5]. In this case the limits of the
environmental factors (chemical substances content) are introduced as levels that do not violate the
norm of the ecological state, established by biological indicators.

The second approach takes into account the state of the biotic component of the ecosystem. To
implement the biotic approach, a set of methods is necessary for obtaining assessments of the state of
biotic communities, with the help of which it would be possible to distinguish an ecologically safe

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1


mailto:tatjana_kondrate@mail.ru

International Scientific and Practical Conference: Water Power Energy Forum 2018 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 288 (2019) 012053  doi:10.1088/1755-1315/288/1/012053

ecosystem from an ecosystem in which there were significant changes caused by external (mainly
anthropogenic) impacts [6]. The most common methods of indication are based on expert estimates for
specific groups of hydrobionts. Most scientists agree that the most objective assessment of the quality
of the aquatic environment by the biotic component can be obtained by using zoobenthos organisms as
bioindicators [7, 8, 9, etc.].

The objective of the study
The objective of this study is the determination of the ecological state of the Kuibyshev reservoir
based on characteristics of abiotic and biotic components.

Materials and methods

Sampling zoobenthos and water for the chemical analysis was performed at the following locations:
the Zelenodolsk and Kazan cities, the settlement Tenishevo, the settlement Zaovrazhnye Karatai, the
Laishevo town, the Tetyushi town. Collection and processing of hydrobiological and hydrochemical
samples was carried out according to standard methods [10].

Water quality by chemical indicators was evaluated using a specific combinatorial index [11].

To assess the state of ecosystems according to the abiotic component, statistical analysis of long-
term information on the variation in the concentration of dissolved oxygen, easily oxidized organic
substances according to BOD (Biological Oxygen Demand), ammonium nitrogen, and modal intervals
MI (intervals including the most frequent values in this variation series) was carried out. In addition,
calculated indicators, such as the proportion and degree of anthropogenic impact, were used. The share
of anthropogenic impact (S) was calculated by the formula 1:

S = N/N*100 1),

where N1— the number of ingredients exceeding the MPC;
N — total number of rated priority pollutants.
The degree of anthropogenic impact was calculated by the formula (2):

C = No/N1*100 2),

where N, — the number of ingredients in excess of 10 MPC.

In total, 15 ingredients were used for calculations: oxygen dissolved, BOD, COD (Chemical
Oxygen Demand), nitrates, nitrites, ammonium, chlorides, sulfates, total iron, phenols, total petroleum
hydrocarbons (TPH), Cu*, Zn*, Cr total, Mn*".

The following indicators were used to assess the status of ecosystems using the biotic component:

- the total number of zoobenthos, Nz, mill ind.M;

- the relative abundance of oligochaetes in zoobenthos, Noi,%.

- Woodiwiss biotic index.

Based on the results an invariant condition of an ecosystem was defined according to a procedure
of ecological modifications [12, 13].

Result and Discussion
Generalization and analysis of long-term information of hydrochemical and hydrobiological
indicators allowed to determine the ecological status of the Kuibyshev reservoir.

Assessment of the abiotic component

Analysis of hydrochemical information showed that the exceed of MPC was for 12 ingredients.
The main contribution to the pollution of surface waters of the Kuibyshev reservoir introduced
nitrogen nitrite, nitrogen ammonium, TPH, copper compounds, BOD, COD and water quality was
characterized as ‘“characteristic”’. At the same time the oxygen regime was satisfactory in all
investigation points. Water quality on the upper parts of the reservoir was characterized as “dirty”, the
other as “very polluted”.
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Table 1. The state of the Kuibyshev reservoir based on abiotic parameters

Ne? MI° M The share of anthropogenic
Water quality BODs NH., impact
mgO,/L (moda) mg/L (moda) range values, %  state of the
ecosystem
1) dirty 1.54-3.25 0-0.38 0-80° transition from
(2.29) (0.21) 6.7-53.3(33.3° equilibrium to
crisis equilibrium crisis
2) dirty 0.84-2.89 0-0.62 0-80 transition from
(1.96) (0.32) 6.7-66.7 (33.3)  equilibrium to
transition from transition from crisis
equilibrium to equilibrium to
crisis crisis
3) very 1.02-1.67 0.14-0.25 0-40 equilibrium
polluted (1.59) (0.17) 20-27 (20)
equilibrium equilibrium
4) very 1.04-1.82 0-0.19 0-33 equilibrium
polluted (1.38) (0.1) 20-30 (20)
equilibrium equilibrium
5) very 0.98-1.45 0-0.09 0-33.3 natural
polluted (1.33) (0.06) 13.3-20 (11.7)
equilibrium equilibrium
6) very 0.71-2.45 0-0.22 0-80 equilibrium
polluted (1.64) (0.12) 6.7-46.7 (26.7)
transition from equilibrium

equilibrium to
crisis
a — points of investigation: 1) the Zelenodolsk city. 2) the Kazan city, 3) the settlement Tenishevo,
4) the Laishevo city, 5) the settlement Zaovrazhnye Karatay, 6) the Tetyushi city;
b — modal interval; ¢ — total range; d — MI; e - long-term value.

According the share of anthropogenic loading the state of the water ecosystems on the upper sites
of the reservoir was assessed as transitional from equilibrium to crisis, the lower sites as equilibrium,
and near the Kama Mouth as natural. Based on the extent of anthropogenic influence the state of the
ecosystem of the Kuibyshev reservoir was characterized as equilibrium (cases of excess of MPC more
than 10 times were not fixed). Such differences in ecological state assessment of the top and lower
sites of the reservoir are caused, first of all, by impact of large industrial centers like Zelenodolsk and
Kazan cities.

Assessment of the biotic component.

Typical groups of zoobenthos for reservoirs were marked out. These are, in general, Mollusca,
Olygochaeta, Chironomidae, Gammaridae (Crustacea). There were also Hirudinea, Hydracarina,
Polychaeta, Cumacea (Crustacea), Misidacea (Crustacea), Nematoda. There were fewer larvae
Trichoptera, Ephemeroptera and others. The greatest group and specific variety of a zoobenthos was
observed on the lower sites (3-14 taxons by a rank higher than a genus), the smallest on the top (1-10
taxons by a rank higher than a genus). The number of a zoobenthos varied from 0.02 to 9.48 mill
ind.M? (Table.2).
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Table.2. Statistic characteristics of a zoobenthos

Ne, BI* Nzb, (mill ind.M?) Noi, % Invariant state
Water quality ~ Min-max  Min-max Ml Min-max Ml
M=A M=A (w, %) M=+A (w, %)
1) polluted 1.0-6.0 0.1-8.32  0.1-1.22 0-100 31-87 Elements of
3.6+0.1 0.96+0.14 (77) 50.8+3.8 (55) ecological
regress
2) polluted 2.0-6.0 0.04-22.4 0.04-3.88 0-93 27-93 Elements of
3.4+0.1 2.67+0.32 (83) 33.6%2.3 (52) ecological
regress
3) polluted 2.0-8.0 0.28-4.16 0.28-1.28  1.3-80.6 6-51 Anthropogenic
3.940.2 1.86+0.13 (55) 25.942.2 (61) stress with
elements of
ecological
regress
4) polluted 2.0-7.0 0.18-1.68 0.18-5.16  1.2-92.9 30-82 Elements of
4.3+0.2 3.2610.4 81) 23.4+2.1 (60) ecological
regress
5) poorly 4.0-5.0  0.02-9.08 0.04-1.64 2-100 1-25 Background
polluted 4.6+0.1 1.740.3 (74) 19.6£2.1 (61)
6) poorly 4.0-6.0 0.34-9.48 0.34-4.64  0.9-66.7 1-17 Background
polluted 4.6+0.1 5.0£0.9 (68) 22.8+2.4 (64)

a — Woodiwiss biotic index

The largest average values of the number are recorded in the lower parts, the smallest in the upper
and middle one. Mollusca (Dreissena spp.), Olygochaeta, Chironomidae dominated in the benthic
community. The total number of zoobenthos remained at the same level during last two decades
(Figure 1), while slight increase of the number of Mollusca was noted (Figure 2).
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Fig. 1. Dynamics of the total number of Fig. 2. Dynamics of the number of
zoobenthos, ind.M™ Mollusca,ind.M?

The relative number of oligochaetes changed from 0 to 100%. The greatest average values were
noted also on the top sites of the reservoir, the smallest on the lower. The analysis of long-term data of
the number of oligochaetes revealed a tendency of it decrease (Figure 3). This fact was already noted
earlier [14, 15]. At the same time small, but steady increase of the number of polychaetes - the main
competitors of oligochaetes were observed since 2005 (Figure 4).
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The quality of benthonic water determined by the biotic Woodiwiss index was characterized as
polluted on the majority of investigated sites of the reservoir and only in area of the settlement
Zaovrazhnye Karatay and the Tetyusha city as poorly polluted. The obtained in this study water quality
assessment for the upper sites of the reservoir agree with the previously reported [16, 17].

The invariant condition of ground ecosystems on the majority of sites of the reservoir was
characterized by elements of ecological regress. And only the lower sites of the Kuibyshev reservoir
can be characterized as background (natural) on which ecological modulations are observed.

In case of increased level pollution, when the ecosystem moves from an equilibrium state to a
crisis, the benthic communities simplify their structure by reducing the species diversity with a
simultaneous increase in abundance with dominating of 1-2 species.

Conclusion

Based on results of chemical analysis the Kuibyshev reservoir in investigated area was
characterized as dirty and very polluted. The reservoir ecosystem on a share of anthropogenic
influence an ecosystem on the majority of sites was in an equilibrium state and only in a zone of
influence of Zelenodolsk and Kazan cities — in transitional of equilibrium in crisis. The quality of
benthonic water based on zoobenthos indicators on the same sites was estimated as polluted with
elements of ecological regress. Other sites were characterized as poorly polluted in which
anthropogenic tension with elements of ecological regress was observed.

Acknowledgement
This work was supported by a subsidy allocated to Kazan Federal University from Russian
Foundation for Basic Research, project No 18-44-160027

References

[1] Seitzinger, SP, Mayorga, E., Bouwman, AF et al. 2010. Global Biogeochemical Cycles 24 1-16.

[2] Jergensen, SE, Loffler, H., Rast, W., Straskraba, M. 2005. Lake and Reservoir Management.
43-106.

[3] Rosenberg GS, Evlanov IA, Seleznev VA, Mineev AK, Selezneva AV, Shitikov VK 2011
Issues of ecological rationing and the development of a system for assessing the state of
water bodies. Proc. of the Joint Plenum. (Moscow) 5-29.

[4] Levich AP, Bulgakov NG, Maksimov VN 2004 Theoretical and methodological basis of the
technology of regional control of the environment according to environmental monitoring
(Moscow: NIA-Nature). p. 271.

[5] Levich A 1994. J. Reports of RAS. (Moscow, Science) 337(2) 280-282.

[6] Bulgakov, NG. 2002. J. Usp. Sovrem. Biol. 122(2) 115-135

[7] Popchenko VI., Rosenberg GS, Shitikov V.K. 2015. Izvestiya of the Samara Scientific Center of
the Russian Academy of Sciences 17 (4) 179-188.



International Scientific and Practical Conference: Water Power Energy Forum 2018 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 288 (2019) 012053  doi:10.1088/1755-1315/288/1/012053

[8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]

[16]

[17]

Bezmaternykh D.M. 2007. Zoobenthos as an indicator of the ecological state of aquatic
ecosystems in Western Siberia Anal. Overview. Ecology series (Novosibirsk). 8 87 p.

Zinchenko T., Vykhristyuk LA, Shitikov V.K. 2000. Izvestiya of the Samara Scientific Center
of the Russian Academy of Sciences. 2 (2) 223-233.

Guide to hydrobiological monitoring of freshwater ecosystems. 1992. (St. Petersburg,
Hydrometeoizdat). 318 p.

Method of complex assessment of the degree of surface contamination by hydrochemical
indicators. 2002 (Rostov-on-Don, Hydrometeoizdat) 55 p.

Abakumov VA. 1991. Proc. Int. Symp. (Leningrad, Hydrometeoizdat). 18-40.

Recommendations. Assessment of the risk of anthropogenic impact of priority pollutants on the
surface waters of the land. 2006 (Moscow Meteoagency of Roshydromet) 25 p.

Kuibyshev Reservoir: Scientific and Information Handbook 2008 (Togliatti, IEEB RAS) 123 p.

Stepanova N.Yu., Kondratieva TA, Latypova V.Z. 2009. Bulletin of the Peoples' Friendship
University of Russia. Series "Ecology and life safety"” 4 22 —27.

Kalaida M.L. 2003. Ecological assessment of the Kuibyshev reservoir in conditions of
anthropogenic impact. (Kazan) 135 p.

Melnikova A.V., llyasova A.R. 2017. Monitoring of the quality of the Upper Kuybyshev
Reservoir water in terms of zoobenthos. Materials of the International Scientific and
Practical Conference "Complex Problems of Technospheric Security" 4 10-11.



