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Abstract. One of the frequently encountered problems of power plant
small cooling ponds is rapid eutrophication and related intensified
development of phytoplankton (“hyperflow”) and overgrowing of ponds by
higher aquatic vegetation. As a result of hyper-flowering, an enormous
amount of detritus settles on the condenser tubes, reducing the efficiency
of the power plant operation. The development of higher aquatic
vegetation contributes to the appearing of the shoals. As a result the
volume, area and other characteristics of the cooling ponds are getting
changed. The article describes the environmental problems of small man-
made ponds of power plants and coal mines in mining regions. Two
approaches to the problem of eutrophication are considered: technological
and ecological. The negative effects of herbicides application to aquatic
organisms are experimentally proved. An ecological approach to solving
the problem by fish-land reclamation method is shown.

1 Introduction

Today the correlation between different factors of sustainable development — socio-
economic and ecological development of old industrial regions is in focus of many Russian
researches [1-4]. A special role in improving of ecological situation in mineral resources
extracting areas is played by wastewater purification and water sources preservation [5-9].
Modern monitoring tools ensure the use of remote methods instead of expensive direct
measurements, which allows more accurate and more dynamic predicting of aquatic eco-
systems development, both of natural and anthropogenic origin [10-15]. At the same time,
methods of direct monitoring and experimental approbation of their purification are still
relevant to the study of ecological problems of small man-made water ponds of coal-mining
and coal-processing enterprises.

We observe two approaches to the power and coal plants waste-water cooling ponds pu-
rifying problem solvation: technological and environmental. The technological approach
does not take into account the interests of existing community of organisms; its supporters
still believe that eutrophication of the pond is most expedient with the help of herbicides, in
particular, Cu®" salts. An ecological approach to this problem solvation takes into account
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the fact that during the existence of the cooling pond, a co-society of organisms was formed
in it, and the pond itself became a part of the ecosystem of the district and a recreation zone
for the citizens.

2 Materials and Methods

Among the known measures to fight herbal forms, the most environmentally friendly and
economically acceptable is the method for pond cleaning with the help of fish meliorators -
microphytophagous carp and macrophytophage white amur. Initially, this method was used
for biological cleaning of irrigation systems in Central Asia, but recently it is getting in-
creasingly used in Western Siberia, in particular, in the reservoirs of Belovskaya power
plant and Berezovskaya-1 power plant, belonging to the Ob River basin.

With the undoubted advantage of such a method, it has weak points, for example, long-
term consequences for aboriginal ichthyocenosis in connection with introduction of com-
peting fish. Microphytophagous carp in the Ob River basin has few food competitors, so it
will not reduce the productivity of native fish species. Macrophytophage white amur, with a
lack of preferred plant species, extends the nutritional spectrum and becomes a benthopha-
gus, undermining the fodder base of tuvod fish. Therefore, the introduction of white cupid
into cooling ponds should be carried out taking into account the conditions of each specific
pond.

We considered the situation that developed in the cooling pond of Belovskaya power
plant (Belovskoe reservoir). Belovskaya power plant works on a circulating system of tech-
nical water supply. A water cooling pond is a reservoir formed by regulating the flow of the
Inya River. The project area of the reservoir is 1300 hectares, at present it is 1430 hectares,
the volume of water is 47.9 x 10% m>.

Water to cool the condensers of the power plant is taken from the dam of the pond and
getting discharged along a diverting channel about 6 km long into the upper reach. The av-
erage flow of circulating water in the discharge channel is 35 m? / sec in summer.

A characteristic feature of the Belovskaya power plant is the constancy of the load. The
operation of the power plant in a constant mode provides not only a constant flow of circu-
lating water, but also the absence of sharp fluctuations in its temperature in the daily and
weekly periods.

At the initial stage of the formation of the hydroecosystem, the cooling pond at the Be-
lovskaya power plant had features of an oligotrophic type of pond with insignificant
tendencies towards the mesotrophic state. At present some indicators (chlorophyll content
“a”, zoobenthos biomass, oxygen content in bottom water, transparency) have eutrophic
values. The biomass of phytoplankton increased in 3.1 times, primary production increased
in 2.6 times, chlorophyll a content — in 7.1 times, biomass of zooplankton — in 2.6, zooben-
thos —in 3.9 times.

Studies of a number of scientists, including V.V. Kirillov et al. allowed to assess the
level of production and destruction processes in the cooling pond of Belovskaya power
plant, to estimaye the current state of zoobenthos and zooperifiton and higher aquatic vege-
tation of the pond and compare the obtained data with the results of other authors [16-21].

Thus, as a result of more than forty years of operation of the cooling pond of the Be-
lovskaya power plant, the eutrophication of the reservoir occurred quite naturally under the
existing conditions. The biomass of phyto- and zooplankton, higher aquatic vegetation sig-
nificantly increased, and in this connection there was a danger that detritus, depositing on
condenser tubes of power station, would reduce the degree of water cooling. In 1998-1999
years summer "flowering" of the reservoir was particularly high, therefore, since 2000,
works have begun to clean the Belovo Reservoir. According to V.A. Smirnov and co-
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authors, the index of the species diversity of the Belovo Reservoir reaches 3.2-3.5 (with a
maximum possible value of 6), the hydrobiocenosis is represented by 418 organisms, in-
cluding 17 species of tuvodia and 7 introduced species of fish.

3 Results and Discussion

All the data given indicate that a mesotrophic-eutrophic ecosystem has developed in the
Belovskaya power plant cooling pond. In this case, the use of herbicides can lead to the
death of many species of hydrobionts and the degradation of the reservoir. Therefore, the
fight against further eutrophication of the reservoir should be carried out by soft ecological
methods, among which are the use of herbivorous fish - silver carp and white amur - to
combat plankton and higher aquatic vegetation. In 2000, we developed the “Fish and Bio-
logical Substantiation for Additional Filling of the Belovskaya power plant cooling ponds
with herbivorous fish”, according to which fat carp had been produced in the reservoir.

Table 1. Fish-breeding indicators, which can be obtained in 4-8 years after stocking the cooling pond
of the Belovskaya power plant with silver carp

Timing | Average | Total Survival The The increase in the Feed
piece weight, for the number of | ichthyomass for the | Ratio
weight, tons period, individuals, period,
kg % thousand tons
pieces
4 years 0.15 5 33370
after
stocking
8 years 4.0 80 60 20022 75 15-60
after
stocking

At the same time, with the undoubted advantages of ecological methods for controlling
the overgrowing of water bodies, unauthorized use of herbicides can not be denied, such as
copper sulfate, especially since such cases occurred in the late 1970s.

Therefore, in 2000, under the conditions of the Belovo Fisheries, an investigation was
made of the possible consequences of the use of Cu? * salts for the ichthyofauna of the Be-
lovo Reservoir by the "fish test" method, whose tasks included the following: the detection
of toxic and safe carp endothelial cells and larvae; the concentration of copper penta-
sulphate; determination of the effect of copper sulfate solutions of different concentrations
on fertilization, embryogenesis and early postembryogenesis of; identification of the long-
term consequences of the influence of Cu2 + ions for carp fry.

It is known that the most sensitive to the action of copper are embryos and larvae of fish
[22-26]. In connection with this material, developing embryos, pre-larvae, larvae and carp
fry were used in research (Cyprinus carpio, L). Young carp were obtained in the production
conditions of the Belovo fish farm using standard technology. For the purity of the experi-
ment, the descendants of one female fish were used in all variants.

The mother liquor of copper penta-sulphate (CuSO4*5H,0) was prepared in distilled
water, working solutions of different concentrations were made using the technological
water of the Belovskoye Reservoir, since it is known that the toxic effect of copper ions
depends on a number of reasons: hardness, oxygen content, organic compounds , suspen-
sions [13]. Solutions containing from 0.02 to 10 mg CuSO4 * 5H,O / liter were used (Ta-
bles 2, 3).
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Copper sulfate solutions of different concentrations were used to activate sperm and the
process of eggs developing. To determine the effect on embryogenesis, fertilized caviar was
placed in solutions of copper sulphate, for the activation of the sperm and the swelling of
the eggs, ordinary technological water was used. In order to detect the effect of copper ions
on pre-larvae, intact hatching embryos were taken and placed to stand in solutions of cop-
per sulfate of various concentrations. To determine the long-term consequences of the ac-
tion of copper ions on developing carp fry, all the larvae surviving in previous experiments
were grown during the usual technology for fish farming.

The criteria for the quality of embryos and postembryons were survival, growth rate,
and the presence of individuals with various malformations. Each experimental group con-
sisted of 100 individuals.

As a result of the studies, it was found that the maximum toxic effect of copper ions on
embryos is manifested when using solutions of copper sulfate directly during the fertiliza-
tion of eggs, as when swelling solutions enter the eggs. Survival of embryos in a concentra-
tion solution of 0.08 mg / liter was 25.6%, in a solution with a concentration of 0.02 mg /
liter - 39.2%, in control samples - 86.7%.

When the eggs were incubated, which was fertilized with technological water, the sur-
vival of embryos was found to depend on the copper sulfate concentration in solutions (Ta-
ble 2).

Table 2. Survival of carp embryos during incubation in solutions of copper sulfate of
various concentrations

Concentration
CuSOs* 5H:0, 10 5 1 0.2 0.1 0.08 | 0.06 | 0.04 | 0.02 | Control
mg/liter
Survival, % 9.2 150 | 76.8 | 75.0 | 76.9 | 78.0 | 76.6 | 77.7 | 80.3 81.0

The most toxic were concentrations above 5 mg / liter, concentrations from 00.4 to 1 mg
/ liter caused a 3-6% decrease in survival rate, a concentration of 0.02 mg / liter practically
did not reduce the percentage of survival in embryogenesis. The delay in embryonic growth
in comparison with the control samples, and then the death of embryos were observed at the
beginning (fouling stage) and at the end of embryonic development during the period of the
circulation system activation, as a result of which toxic substances penetrated into the em-
bryo can more effectively approach sensitive organs.

When breeding preliminaries took the long time before switching to external nutrition, it
turned out that in solutions with a concentration of 0.6 mg / liter and lower, the survival was
closed to 100% (like in the control group). Higher concentrations of copper sulphate caused
the death of some individuals (Table 3).

Table 3. Survival of carp larvae with holding in solutions of copper penta-sulfate of various

concentrations
Concentration 3 2 1 0,8 | 0,02-0,6 | Control
CuSO0O4 * 5H20, mg / liter
Survival rate,% 40.0 | 55.0 | 80.0 | 85.0 100 100

The long-term consequences of the action of copper ions in early ontogeny were re-
vealed only in those embryos that were obtained using solutions of copper sulfate during
fertilization. Among them, about 30% of individuals with various malformations were
found, significantly lacked behind in growth from the rest of the group.

4 Conclusions
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Thus, the advantage of the biological method of cooling ponds cleaning with the help of

fish-meliorators can be considered proven.
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