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ECONOMIC CONSEQUENCES OF ANTHROPOGENIC WATER POLLUTION
(BY USING PECHENIZKY RESERVOIR AS AN EXAMPLE)

Purpose. The purpose is to study and analyse up-to-date publications related to the study of pollution of wa-
ter bodies by organic and inorganic substances, which deals with the correlation of fish productivity reduction due
to the fodder organisms death. Based on the experimental studies results on the anthropogenic pollution impact on
the livelihoods of fodder organisms, we have calculated the losses caused by water body pollution by using the
indicator of bioproductivity decrease (using the Pechenizky reservoir as an example). Methods. To obtain data for
calculating the damage caused to the Pechenizky reservoir by using the commercial fish catches indicator that use
zooplankton and zoobenthos as natural feeds, we have performed toxicological study of water samples that were
selected on four different hydrographic and morphological features of the Pechenizky reservoir. Biotesting of water
samples was carried out by using zooplankton (Daphnia Magna Straus) and zoobenthos - insect larvae (Chirono-
mus dorsalis Meig.) as a test-organisms for fodder organisms for fish. Results. The potential causes and conse-
quences of the reduction of the natural forage base for the ichthyofauna are identified by ecological and toxicologi-
cal assessment of the level of danger of the habitat of the main species of fodder organisms - zooplankton and zoo-
benthos representatives. The damages caused to Pechenizky reservoir by the indicator of reduction of catches of
three species of fish (carp, bream, crucian carp) as a result of the fodder organisms death and the size of the damage
to the Pechenizky reservoir by the indicator of reduction of catches of commodity fish (in value form) were calcu-
lated. Conclusions. It is shown that as a result of pollution of the reservoir, heavy metals accumulation in fodder
organisms is observed and there is a chronic cumulative toxicosis, which leads to their death. In this connection,
one of the main factors of reducing the catch of such species of fish as crucian carp, carp, bream and others, is the
reduction of fodder organisms biomass, in particular, zooplankton and zoobenthos representatives.
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EKOHOMIYHI HACJIAKN AHTPOIIOI'EHHOI'O 3ABPYJJTHEHHS BOJAHUX OB’EKTIB (HA
MPUKJIAJI TEYEHI3BKOI'O BOJOCXOBUIIA)

Mera. OmnpaiiroBaHHs Cy4acHHUX Ipallb, OB SI3aHHUX 13 IOCIIPKEHHSIM 3a0pyHEHHS BOJHUX 00 €KTIB OpraHi-
YHUMH T2 HEOPraHIYHUMH PEYOBHHAMH, B SKUX PO3IIISIAIOTHCS MHUTAHHS B3a€EMO3B’SI3KY 3HIKEHHS! PHOOTIPOTYKTH-
BHOCTI BHACIIIJIOK 3aru0eni KOpMOBHX OpraHi3MiB. Ha OCHOBI pe3ynbTaTiB eKCIIEPUMEHTAIBHUX JOCIIDKEHD BILIUBY
AHTPOIIOTEHHOTO 3a0PyHEHHSI Ha YKUTTEASUIBHICTh KOPMOBHX OPTraHi3MiB 3IiHCHUTH PO3PaxyHOK 30UTKIB, 3aM0is-
HHMX BOJIHHM O00’€KTaM 3a TOKAa3HWKOM 3HIKEHHs OlOMPOJYKTHBHOCTI Ha mpuknian [ledeHi3bKoro BOJOCXOBHIIQ.
Metoau. 3 METOIO OTPUMAaHHS JAHWUX JUIS PO3PaxyHKiB 30MTKIB, 3anomisHUX [IedeHi3pbKoMy BOZOCXOBHIILY 32 MOKa3-
HHMKOM BHJIOBY TOBapHOI pHOH, SIKi BAKOPHCTOBYIOTH B SIKOCTI IIPUPOJHHUX KOPMIB OPTaHi3MHU 300ILUIAHKTOHY 1 3000€H-
TOCY, OyJ I BUKOHAHI TOKCHUKOJIOTIUHI JOCHI/DKEHHS IPOO BOAM, IO BiOMpanack Ha YOTHPHOX PI3HUX 3 TiApOJIOriy-
HUMH 1 MOP(OJIOTIYHIMH O3HaKaMH JTistHKax [ledenizpkoro Bogocxosuina. biotectyBaHHs po0 BOM IPOBOIHIIM 3
BHKOPHCTAHHSM B SIKOCTI TeCT — 00 €KTiB KOPMOBHX OpraHi3MiB s pUO — mpeAcTaBHUKH 300rutaHkToHy (Daphnia
Magna Straus) ta 3000exTocy — auunHKK Komax (Chironomus dorsalis Meig.). Pesyabrarn. Po3paxoBaHo 30HTKH,
o 3anoxisHi [ledeHi3pkoMy BOIOCXOBHIY 3a IMOKA3HIKOM 3MEHIIIEHHS 0OCSTIB BIJIOBY TPHOX BHAIB pHO (KOpo,
JISIII, Kapach) BHACTIAOK 3aru0esti KOPMOBHX OPTaHi3MiB Ta po3Mip 3anoisHoi mkou [TedeHi3bkoMy BOIOCXOBHIILY
32 MOKa3HUKOM 3MEHIICHH: 00CsTy BIJIOBY TOBapHOi puby (y BapTicHOMY BUIIIAi). BucHoBkM. ITokasaHo, mo BHa-
CITIZIOK 3a0pyTHEHHS BOJIOCXOBHIIA CIIOCTEPIraeThCsl HAKOTTMUEHHS BAKKUX METAJTiB B KOPMOBHUX OpraHi3Max Ta Bifl-
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OyBa€THCSI XPOHIYHUNA KYMYJISTUBHUI TOKCUKO3, IO MPU3BOAUTH JI0 1X 3aru0eni. Y 3B’s3Ky 3 [[HM, OJJHUM i3 TOJIOB-
HUX YMHHHKIB 3HIKCHHS BIJIOBY TaKHX BHJIIB pUO SIK Kapach, KOPOIL, JISII[ Ta iHIIKX, € 3MEHIIICHHS 010MacH KOPMO-
BUX OPTraHi3MiB, 30KpeMa, IPEICTABHIKIB 300IUIAHKTOHY 1 3000€HTOCY.

KaiouoBi ciioBa: BogaMit 00°€KT, €KOJOTIYHAN CTaH, SIKICTh BOJH, 010TECTYBaHHS, EKOHOMIYHHUI 30MTOK
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9KOHOMMUYECKHUE NOCJIEACTBUSI AHTPOIIOTEHHOI'O 3AI'PSI3BHEHHS BOJAHBIX
OBBEKTOB (HA IPUMEPE NIEYEHEKCKOT'O BOJOXPAHUJIUIIIA)

Hens. M3yuenne coBpeMeHHBIX paboT, CBA3aHHBIX C HCCIECAOBAHUEM 3arPSI3HEHUS BOJHBIX 0OBEKTOB Opra-
HUYECKHMHU M HEOPraHMYECKUMHU BEIIECTBaMH, B KOTOPBIX PACCMAaTPUBAIOTCS BOINPOCHI B3aUMOCBSI3U CHIDKEHHUE
PBIOOTIPOAYKTUBHOCTH B PE3yibTaTe THOSTH KOPMOBBIX OpraHu3MoB. Ha OCHOBE pe3ynbTaToB SKCIIEPHMEHTAIIb-
HBIX MCCJIEJIOBAHUH BIIMSHHSI aHTPOIIOTEHHOTO 3arps3HEHMs Ha JKH3HEIESTEIbHOCTh KOPMOBBIX OPraHM3MOB OCY-
IMIECTBUTH pacyeT ymiepda, IPHIMHEHHOTO BOJHBIM OOBEKTaM IO MOKAa3aTeN0 CHIDKEHHUsI OHONPOIYKTHBHOCTH Ha
npumepe Ileuenesxxckoro Bogoxpanmnuma. Meroasl. C 1e1bi0 NOTyUYeHHs JaHHBIX JUIS PacdeToB YOBITKOB, IIpH-
ynHEeHHbIX [leyeHe)KCKoOMy BOZOXpaHWIHMILY IO TTOKA3aTEeNI0 BBIJIOBA TOBAPHOH PBHIOBI, KOTOPHIC HCIIONB3YIOT B
KaueCTBE €CTECTBEHHBIX KOPMOB OPraHM3MbI 300IUIAHKTOHA M 3000€HTOCA, OBUTH BHINOJIHEHBI TOKCHKOJIOTHYECKHE
HCCIIEIOBAHMS TPOO BOJBI, KOTOPBIE OTOMPAINCH Ha YETHIPEX PAa3HBIX MO THAPOIOTUYECKHM M MOP(OIOTHIECKUM
NpH3HaKaM ydacTkax [ledeHekckoro BojoxpaHwinina. bruorectupoBanue npod BOJbI MPOBOJIMIM C HUCIIOIb30BA-
HHEM B KauecTBE TECT - OOBEKTOB KOPMOBBIX OPraHW3MOB Ul pBIO - mpeacTaBuTenu 3ooiuiaHkToHa (Daphnia
Magna Straus) u 3006enToca - miuuHkn HacekoMbix (Chironomus dorsalis Meig.). Pesyabrarhl. Paccuntano
yOBITKH, PUYHHEHHBIE [Ie4eHeKCKOM BOJIOXPAHWIIMILE IO TTOKA3aTEeNI0 YMEHbBIICHHST 00BhEMOB BBIJIOBA TPEX BH-
JIOB pBIO (KapIl, Jiell, Kapack) B pe3yJibTaTe THOEN KOPMOBBIX OPTraHM3MOB U pa3Mep MpUuHeHHOro Bpena [leve-
HEXCKOMY BOJIOXPaHWIIHIILY IO MTOKA3aTeNI0 YMEHBIICHNS! 00beMa BBIJIOBA TOBAPHOMN PBHIOBI (B CTOMMOCTHOM BBI-
paxenun). BeiBoabl. [lokazaHo, uto B pe3ynbTaTe 3arps3HEHUs BOJOXPAaHMIMILA HAOMIOAAETCSl HAKOIICHHE Tsi-
JKEJIBIX METAJJIOB B KOPMOBBIX OPraHM3Max M MPOUCXOANT XPOHWIECKHUI KyMYJISTHBHBIA TOKCHKO3, YTO TIPHBOJUT
K uX TuOenu. B cBS3M ¢ 3TMM, OJJHUM M3 TJIaBHBIX (haKTOPOB CHIDKEHHS BBUIOBA TaKMX BHIOB PBHIO Kak Kapach,
KapI, JeIl U APYTUX, SBIAETCS YMEHBIICHHE OMOMacChl KOPMOBBIX OPTaHM3MOB, B YaCTHOCTH, IpECTaBUTEICH
300IUIaHKTOHA U 3000€HTOCA.

KnroueBble c10Ba: BOAHBIN 00BEKT, SKOJOTHUECKOE COCTOSIHHE, KAUYECTBO BOJBI, OMOTECTHPOBAHMS, KO-
HOMHUYECKHN yIIepo

Introduction

The reproduction of natural resources, its Issues of water resources is one of the ur-
protection require substantial material costs, the gent problems of development of the entire
economic and social efficiency of which must economy of Ukraine in the coming years. The
be high enough for the society to afford them. In intensification of economic activity, one of the
this connection, there is the problem of the eco- mandatory conditions for the further develop-
nomic assessment of human impact on nature. ment of human society, is accompanied by an
The problem is rather multifaceted, since it in- unconditional increase in the anthropogenic im-
cludes the area of mutual penetration and the pact on the environment. The most vulnerable
interaction of nature and society, and the meth- part of it is the water of local runoff of small
odology for evaluating the results of this inter- rivers, streams and reservoirs. The consequence
action is not yet sufficiently developed. of the high anthropogenic impact is on the one

Any kind of economic activity involves hand in the eutrophication of water bodies. It is
some harmful influence, the result of which may a complex process in fresh and marine waters,
be changes in the adaptive-compensatory possi- where the rapid development of certain types of
bilities of the organism, the emergence of ad- microalgae disrupts aquatic ecosystems and
verse effects on the environment. In general poses a threat to animals and human health. The
terms, the term "economic loss" refers to actual greatest attention is paid to the study of the in-
or potential economic and social losses, ex- flow and distribution of nutrients in the waters
pressed in value form, arising as a result of any of local runoff, especially nitrogen and phos-
events or phenomena, including pollution of the phorus compounds. After all, they are chemical
environment. Ecological and economic damage catalysts for the process of anthropogenic eu-
is to reduce the volume of products received or trophication of surface waters. It is character-
profits as a result of adverse environmental im- ized by a sharp increase in the biomass of algae,
pacts. higher aquatic vegetation, phytoplankton due to
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the receipt of nutrients of anthropogenic Gene-
sis. As a result of biochemical decomposition of
biomass in the water of rivers and reservoirs
may occur from the second half of the summer,
the deficiency of oxygen, accompanied by sat-
urnine phenomena and poses a significant threat
to the livelihoods of many aquatic organisms. In
addition, as a result of the decomposition of
plant organisms, toxic substances dangerous for
aquatic organisms and for humans enter the
water [1-2].

On the other hand, there is a problem of
pollution of water bodies with heavy metals,
which are toxic chemicals [3]. In aqueous me-
dia, metals can be present in three forms: sus-
pended solids, colloids, and dissolved com-
pounds. The latter are represented by free ions
and soluble complex compounds with organic
and inorganic ligands. Hydrolysis has a great
influence on the content of these elements in
water, which determines the form of the ele-
ment in aqueous media. A significant part of
heavy metals is transported by surface waters in
suspended state. Many metals form quite strong
complexes with organic matter, these complex-
es are one of the most important forms of mi-
gration of elements in natural waters. The ma-
jority of organic complexes are formed by the
chemical principle and are quite stable. The
complexes formed by soil acids with salts of
iron, aluminum, titanium, uranium, vanadium,
copper, molybdenum and other heavy metals
are relatively well soluble in neutral, weakly
acidic and weakly alkaline media. Therefore,
organometallic complexes are able to migrate in
natural waters over very long distances.

Thus, chelated forms of Cu, Cd, Hg are
less toxic than free ions. To understand the fac-
tors that regulate the concentration of metal in
wastewater and surface waters, their chemical
reactivity, bioavailability and toxicity, it is neces-
sary to know not only the content, but also the
proportion of bound and free forms of metals [4].

Accumulation of organic matter is one of
the biggest problems of artificial reservoirs. In
balanced ecosystems, organic residues decom-
pose to simple inorganic compounds that serve
as fertilizer for aquatic higher plants. If oxygen
is not enough, the decomposition of organic
matter is accompanied by the release of toxic
compounds, in particular, hydrogen sulfide and
ammonia. Due to the slowdown in the flow of
water, an excessive amount of organic matter
and nutrients, there is an increased development
of blue-green algae, which lead to the flowering
of water and siltation of certain areas of the res-
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ervoir. The annual flowering of water causes a
steady increase in eutrophication of water bod-
ies. Blue-green algae impede water supply,
clogging filters and actually stopping water
treatment and industrial water intakes. The de-
crease in the flow rate causes an increase in the
scale of the phenomenon of water flowering [5].
In fish farms, especially the industrial type, with
a high density of fish landing eutrophication can
be caused by the accumulation of phosphorous
and nitrogen compounds, excretory fish. In ad-
dition, in pond farms eutrophication is created
purposefully by applying mineral fertilizers to
increase the amount of phytoplankton, which is
a significant part of the fish feed base. The
quantitative relationship between nutrient loads
and trophic status of fishery water bodies is as
follows: nitrogen compounds are supplied main-
ly by feed and fertilizers — 76%, while feed ac-
counts for 44%. Phosphorus with feed and ferti-
lizers in the pond gets 81%, and with river run-
off in the period of water filling — only 5%. In
bottom sediments of fish farming ponds accu-
mulated annually to 4 — 7 tonnes of total nitro-
gen and 3 to 5 tons of total phosphorus. Nutrient
load varies depending on the category of ponds
to nitrogen in the range of 21 — 30 of 87 g/m?,
to phosphorus of 7 — 9 g/m?. For reservoirs, the
biogenic load is much lower-12 g / m? for nitro-
gen and 1 g/m? for phosphorus. In the process of
growing commercial fish, water receives 0.25
tons of nitrogen, 0.07 tons of phosphorus and
0.35 tons of organic carbon from each ton of
fish [6].

In reservoirs of drinking water supply for
the purpose of realization of their potential often
apply a biological method of cleaning. The
scheme of biological reclamation of water bod-
ies includes actions aimed at minimizing the
impact of pollutants, improving sanitary condi-
tions, preventing the "flowering" of water, the
removal of biomass of higher aquatic vegetation
and, finally, catching fish and other aquatic or-
ganisms. In this case, fish is considered not only
as an object of commercial or Amateur fishing,
but as a component of the ecosystem, which con-
tributes to the removal of primary products from
the reservoir, which is transformed into ixtiomas,
now biomeliorative work makes it possible to
obtain valuable fish products, which is environ-
mentally and economically feasible [5,7].

With regard to the influence of heavy
metals on the water ecosystem, this problem is
devoted to numerous scientific works [8-12]. In
particular, in [13], concentration of As, Cd, Cr,
Co, Cu, Ni, Pb and Zn in samples of water and
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bottom sediments from the Trepa and Sitnitsa
rivers was determined in order to determine the
level of pollution of water bodies. In water of
water objects, the exceedance of regulatory re-
quirements was recorded for the following
chemical elements - As, Cd, Pb and Zn, which
is primarily due to the discharge of sewage from
the mining industry. The assessment of sedi-
ment contamination was carried out using pollu-
tion indicators, such as the pollution factor, the
degree of pollution, the degree of pollution, the
load index. The results of experiments showed
that the level of concentration of heavy metals
in all investigated areas exceeded the back-
ground values and recommendations for the
quality of bottom sediments. Average concen-
trations of heavy metals in the bottom sediments
of the Trepa and Sitnica rivers showed the fol-
lowing tendency to accumulate Cd> As> Pb>
Zn> Cu> Co> Cr> Ni.

The authors of the study [14] determined
the concentration of heavy metals (Cd, Cr, Cu,
Pb and Zn) in water, bottom sediments and tis-
sues (muscle and grass) of Leuciscus cephalus
from the Dipsis River (southwestern part of
Turkey). The study did not find correlations
between the concentrations of metals in water
and bottom sediments and between the concen-
trations of metals in water, muscles and grasses
L. cephalous, but a positive correlation was
found between concentrations of Cu and Zn in
the bottom sediments and fish tissue.

The paper [15] presented the results of
research on the water of the water body and bot-
tom sediments from the 20 streams of the
Burigang River (Bangladesh) in the summer
and winter of 2009. It was found that the con-
centration of total Cr, Pb, Cd, Zn, Cu, Ni, Co
and As in water samples significantly exceeded
the toxicity benchmarks in both seasons. The
concentrations of Cr, Pb, Cu and Ni in bottom
sediment samples were generally higher than
the normalized value at which bottom sediments
are considered to be heavily contaminated.

The study of the influence of heavy metal
pollution (Cr, Cu, Pb, Cd) in the Salado river
basin (Argentina) on the zooplankton communi-
ty was carried out in [16]. Total density, density
by groups (Copepoda, Cladocera and Rotifera),
density of micro - and meso-plankton, biomass,
number of species and species diversity were
studied. The results showed that the total densi-
ty of zooplankton was significantly higher along
the river than in the channels and ducts, where
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there was a higher concentration of heavy met-
als (2-3 times) compared to the city of Salado.
The results of this study show that zooplankton
reacts to changes in water quality, which is an
effective tool for assessing heavy metal contam-
ination of water bodies.

The formation of technogenic deposits is
caused by changes in the conditions of for-
mation of solid runoff. It is technogenic bottom
sediments that are the concentrators of the bulk
of pollutants of water systems, which not only
dissolve in water, but also partially inactivated,
interacting with each other (neutralization,
complexation and other reactions), or form new
compounds, more toxic than the original ones.
The accumulation of trace elements in the bot-
tom sediments is an indicator of the ecological
status of the water system. The problem of ac-
cumulation of heavy metals is directly propor-
tional to the problem of surface water pollution
by heavy metals [17].

The toxicity of Hg, Cd and Cu ions for
both marine and freshwater species is signifi-
cantly higher than that of Pb and Zn ions. Sharp
fluctuations of abiotic factors of the aquatic en-
vironment (temperature, pH, salinity, etc.) affect
the functional status of the representatives of
aquatic ecosystems and the concentration of
water-soluble forms of metals, change, and tox-
icitytesting crustaceans. With an increase in the
temperature of solutions for every 5 °C, the
LC50 value of Cd, Cu, Pb and Zn ions usually
increase from 2 to 100 times, and the maximum
for Cd in the elevated temperature range.

Comparison of the calculated values of
lethal concentrations of heavy metal ions with
the content of their dissolved forms in the wa-
ters of contaminated waters suggests that certain
concentrations of many metals can cause deple-
tion of the species composition of crustaceans,
cause death of young people in the early stages
of development, especially with sharp fluctua-
tions in the values of abiotic factors [18,19].

Resistance of animals to heavy metals
depends on their ecological niche and size or
body weight. For 90% of the considered species
of marine zooplankton and benthos, the value of
cadmium LC50 in acute experiments was 15.0
and 23.0 ng/l, respectively [20]. However, it
should be taken into account that the minimum
values of LC50 of this metal are determined for
small larvae of natural shrimp Palaemonetes
pugio. Consequently, the resistance of animals
to the action of heavy metals is determined pri-
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marily by environmental, morphological and
physiological characteristics, rather than the
systematic position of the species. Features of
biochemical and physiological processes, small
size of larvae and, consequently, a large specific
surface area of the body, a significant number of
critical periods of development increase their
vulnerability to toxicants [19].

Thus, it is possible to assume that the ex-
cess content of heavy metals and other inorgan-
ic and organic compounds leads to deterioration

of water quality of water bodies and, as a con-
sequence, to a decrease in fish productivity, as a
result of the death of forage organisms (zoo-
plankton and zoobenthos).

The purpose of this work is based on
the results of experimental studies of the influ-
ence of anthropogenic pollution on the liveli-
hoods of food organisms to carry out the calcu-
lation of losses caused to water bodies by the
reduction of bio-productivity on the example of
the Pechenezhsky reservoir.

Research methods

Integrated water reservoirs, in particular,
water reservoirs, are among the water objects of
fishery management, along with other ones,
which have their own specifics, concerning the
need to preserve the quality of water within the
requirements of water users and the functioning
of biocenoses with a relatively limited species
composition.

In this regard, within the framework of
the study, the economic consequences of an-
thropogenic pollution of water bodies were as-
sessed by calculating the damage caused to wa-
ter bodies by the indicator of reduction of fish
productivity due to the death of fodder organ-
isms — representatives of zooplankton (crusta-
cean daphnia) and zoobenthos (insect larvae) .

According to the «Methodology for esti-
mating the damage from the consequences of
natural and man-made emergencies» (closed by
the Ministry of Ecology and Natural Resources
of Ukraine No. 196 dated June 9, 2011) [21] the
calculation of losses incurred to the fish industry
is carried out in kind (the weight of lost fish

resources), as well as in terms of value, which is
calculated taking into account the prices for cer-
tain types of commodity fish for a given region.

In order to solve the problem of estimat-
ing the economic consequences of anthropogen-
ic pollution of water bodies, the most appropri-
ate methodological approach is used to calculate
the losses caused to the fish industry due to the
reduction of the natural forage base for the ih-
tiofauna, the criterion for reducing fish produc-
tivity.

In order to obtain the data necessary for
calculating the amount of damages caused to the
fish industry due to the death of fodder organ-
isms in aquatic ecosystems, experimental stud-
ies were carried out to determine the acute lethal
toxicity of water and bottom sediments samples
taken in control structures of water objects. Bi-
otesting of water samples was carried out using
zooplankton (Daphnia Magna Straus) and zoo-
benthos (insect larvae (Chironomus dorsalis
Meig.) According to the techniques [22, 23] as
test objects of fish forage).

Results and discussion

Pechenizky reservoir is located on the
river Siversky Donets for 880 km. from its
mouth between Pechenigy and the city of
Vovchansk in the Kharkiv region. The type of
reservoir - the channel, the area of the water
mirror - is 86.0 km?, the volume of water mass
reaches 383 million m®. Length of reservoir 65
km; the maximum width is 4 km, the maximum
depth is 20 m in the gravel section. It is used for
industrial, municipal agricultural water supply,
fish farming and recreation. According to the
main indicators of the state of the natural forage
base, the reservoir refers to the average produc-
tive reservoirs. The annual catch of commodity
fish in Pechenizky reservoir is 380-560 tons.
The species composition of the industrial ich-
thyofauna includes aboriginal species (pike,
pike perch, perch, carp, crucian carp, etc.) and
the species «allies» — papilla and white amur.
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The main source of contamination to the
reservoir is the flat flush from the territory of
the catchment area. As a result of pollution of
the reservoir, there is an excess of fishmeal
MPC of heavy metals (iron, zinc, lead, cadmi-
um, copper), which are toxic chemicals [24]. In
the process of accumulation of heavy metals in
fodder organisms there is a chronic cumulative
toxicosis, which leads to their death. In this
connection, one of the main factors of reducing
the catch of such species of fish as crucian carp,
carp, bream and others, is the reduction of bio-
mass of fodder organisms, in particular, repre-
sentatives of zooplankton and zoobenthos.

In order to obtain data for calculating the
damage caused to the Pechenizky reservoir by
the indicator of commercial fish catch, which
uses natural zoo organisms as zooplankton and
zoobenthos, toxicological studies were carried
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out on water samples that were selected on four
different hydrographic and morphological fea-
tures of the Pechenizky reservoir.
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In fig. the locations of the sampling
points of water within the four sections of the
Pechenizky reservoir, which were selected in
the summer of 2018, are shown.
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Fig. — Placements of surface water sampling sites and the results of the determination
of their acute lethal and chronic toxicity

Water samples were taken by a rod
batometer at various depths, taking into account
the characteristics of the test habitat environ-
ment: in order to determine the toxicity of water
using planktonic organisms (daphnia), the water
samples were averaged after the selection of
three samples (50 cm from the surface, at the
depths of several meters and in the bottom layer
of water); To determine the toxicity of water on
insect larvae, biotesting was subjected to sam-
pling, selected from the bottom of the water
layer.

In water samples, acute lethal and chronic
toxicity was determined using testosterone
daphnia and insect larvae of the hironomid as
test objects.

The results of biotesting of water sam-
ples using test daphnia and insect larvae, select-

ed within the four sections of the reservoir as a
test, showed the following.

Water samples taken within the first sec-
tion (1), which is a slightly enlarged riverbed of
the Siv. Donets with a prominent flow turned
out to be non-toxic for the used test objects.

Water samples, which were selected
within the middle shallow water section of the
reservoir (2.3), had a severe lethal toxic effect
on the test objects and belonged to grade Il -
water is weakly toxic (for daphnia and insect
larvae).

The lower part of the catchment area of
the reservoir is considerably expanded by
flooding the wide floodplain of the river Siv.
Donets with almost complete absence of the
current. It is the lower part of the reservoir sub-
ject to significant anthropogenic stress. Con-
firmation of this can be the results of biotesting

71



Karazin University Journal of Ecology, 2018, Issue 19

of water samples, which belonged to the third
class of toxicity (water average toxic) for both
representatives of fodder organisms.

In order to calculate the damage caused
to Pechenizky reservoir as a result of its man-

made pollution and the death of fodder organ-
isms for fish, data (tabl.) For 2016 were used
in connection with the fact that the fish was
fished in 2016 was larger (15.63 tons) com-
pared from 2017 year (12,312).

Table
Data from the Pechenizky Fish Market regarding fish catch in 2016 and 2017
Year | Name of . .
the water | Area Breeding facilities Invisible species of fish Total
object
= ol gl & < Sz £ | Plan | Fact
N
Pechenizky
reservoir 07117 0| 0| 0| 156 1,67 0O(0]O0 - 348,7 | 15,63
g 8620 | 0 | 7,94| 0 | 0 | O | 1,219| 1,304 [ O | O | O |2,595 422,7 {12,312
In 2016, the catches of the main species fish products; 10 ~ ® _ conversion factor of
of fish (carp, straw, crucian carp), which are grams per ton.
used as natural feed by zooplankton and zoo- Thus, the damage caused to Pechenizky
benthos organisms, amounted to 3930 kg, in- reservoir by the indicator of the reduction of
cluding carp — 700 kg, bream — 1670 kg, carp - catches of fish with a shortage of natural for-
1560 kg. The total monetary value of the speci- ages — zooplankton (N;) is 63300 kg, zooben-
fied types of fish at current retail prices is UAH thos (N) — 6300 Kkg.
104 290. The size of the damage caused to the
The calculation of losses caused to Pechenizky reservoir by the indicator of reduc-
Pechenizky reservoir by the indicator of reduc- tion of the catch of commercial fish (in value
tion of catches of three species of fish (carp, form) was calculated by the formula:
bream, crucian carp) as a result of the death of N =NXG 3)
fodder organisms was carried out for the lower wen ’
most contaminated section of the reservoir where: Ny, — monetary amount of losses
(Martovo — Pechenegi), the area of which is (UAH); N — volume of fishing of fish products
25,000 m? (using the formulas used for calcula- (kg); G — cost of production (for 1 kg) at current
tion of damages caused by river systems): retail market prices at the time of calculating the
Ny =[S*H*TT* P/B* K, * 109[100* K], (1) amoun'ta\ of daorlnage calrj]sed (lIJ_AI_—|) et
Ny= [S* IT* P/B * K, * 109)]/[100 * K] ) ccording to the preliminary calculation
2 ’ N; = 63300 xr, N, = 6300 Kr.
where: Ni,N, — losses in natural terms, losses i[;'f(tiggu;%ni r%aslﬁg?'es of the volume of
tons; S — area of damage, sq. meters; H — depth _ . _
. . . Nyan = 1687 747 UAH Ny, = 167
of the reservoir, m; P — average concentration of 182 UAH
];?]%de:aggiglsmriétge r/ (?(;Jr. t;gﬁtﬁ:) S(;‘_oquslgnktggz Thus, the amount of monetary losses in-
19 d. . ' flicted on Pechenizky reservoir by the indicator
efficient of transfer of biomass of fodder organ- of the reduction of catches of three fish species
isms into products; Ky - indicator of the_ maxi- (carp, bream, crucian carp) due to a shortage of
mum possible use of fish feed, percent; K, — natural forages is UAH 1.854.929
feed rate for the transfer of fodder products to 9 e
Conclusions

As a result of the study, probable causes
and consequences of the actual reduction of the
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natural forage base for the ichthyofauna were
determined by ecological and toxicological
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assessment of the level of danger of the habitat
of the main species of forage organisms — rep-
resentatives of zooplankton and zoobenthos.
The economic damage caused to Pechenizky
reservoir by the indicator of the reduction of
catches of fish with a deficit of natural forage -
zooplankton (N1) is 63300 kg, zoobenthos
(N2) — 6300 kg, and the amount of monetary
losses inflicted on Pechenizky reservoir on the
indicator of the reduction of catches of three

species of fish (carp, bream , crucian carp) due
to a shortage of natural forages is UAH 1 854
929. The proposed method for determining the
actual reduction of the natural forage base for
the ichthyofauna by means of ecotoxicological
assessment of the level of danger of the habitat
of the main species of fodder organisms of the
representatives of zooplankton and zoobenthos
is the latest and generally used in environmen-
tal protection practice for the first time.
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