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The paper presents results of investigations of zinc and manganese concentration in the water, bottom deposits and ichthyofauna
of Yavoriv water reservoir, which was formed in 2002 in frames of project of Yavoriv sulfur quarry revitalization. Mentioned ele-
ments are characterized by wide spectrum of action in fish body, which, depending on their concentration, can be either physiologic
or toxic. It was revealed, that concentration of Zn and Mn in the water of Yavoriv water reservoir varied considerably depending on
place of samples taking. The lowest Zn concentration in the water was below 1 MPL (maximum permitted level), namely 0.6 ug/l,
and the highest — more than 7 MPL (70.5 ug/l). Similar differences were observed concerning Mn concentration in the water — the
range of determined values varied from 3.3 (0.3 MPL) to 48.6 ug/l. The same peculiarities of Zn and Mn distribution were estimated
in regard to their content in bottom deposits. In particular, difference of Zn concentration in samples of bottom deposits was near
23 times — from 5.4 to 230.0 mg/kg depending on the point of samples taking. Mn content in bottom deposits varies from 61.5 to
1500 mg/kg. Zn and Mn concentration in skeletal muscles, gills and skin of perch and rudd didn’t exceed MPL regardless their con-
tent in the water and bottom deposits. In most of cases, gills accumulated these elements more than other investigated tissues.
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Hakonu4yeHHs Ta po3noAl/l HMHKY i MAPraHUIO Y BOAHIN eKocucTeMi
SBOpPIBCHKOr0 BOAOCXOBHUINA, JIbBIBCbKA 00J1aCTh, Y KpaiHa
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! IIvsiscora docniona cmanyis Incmumymy pubnozo zocnodapcmea HAAHY,
eyn. Jlvsiscoka, 11, cum Benukuii JIrobins, 81555, YVrpaina;
2 TTvsiscoruti HayionansHui yHisepcumem eemepunaproi meduyunu ma Giomexnonoziii imeni C.3. Icuywxozo,
eyn. Ilexapcoka, 50, m. Jlvsis, 79010, Ykpaina,
3 Inemumym pubnozo 2ocnodapcmea HAAH,
eyn. Obyxiscoka, 135, m. Kuie—164, 03164, Vkpaina

B pobomi npedcmasneni pezyromamu 0ocrioxcennsn emicmy Llunky ma Mapeanyto y 600i, 0onHux 6ioknadax ma ixmiogpaymi fleo-
piscvbkoeo sodocxosuwa, ke oyno cmeopeno y 2002 poyi 6 pamkax npoekmy 3 iOnoenenHs mepumopiu feopiscvkoco cipuarnozo
Kap ‘epy. Braszani enemenmu xapaxmepusylomocs wWupoKum CheKmpom Oii @ opeanizmi pub, aKa, 3a1edxicHo 6i0 ix KoHyeHmpayii, modice
oymu isionoeiunoro uu moxcuunow. byno ecmanoeneno, wo konyenmpayis Lunky ma Mapeanyio y 600i Aeopiecekozo 6odocxosuwya
SHAUHO GIOPIZHANACS 3ANEHCHO 10 Micys 6i060py npobu. Haimuxcuuti émicm Lunky y 600i 6ye nudcuum nisic 1 TJJK (epanuuno oonyc-
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mumoi’ konyenmpayii), a came 0,6 mxe/n, a natieuwuil — Ha pieni nonao 7 TJIK (70,5 mxe/n). [100i6ni éiominnocmi 6yu iomiveni cmo-
cosHo emicmy Mapeanyio y 600i — dianazon 6cmanoeienux Konyenmpayii smintosascs 6i0 3,3 (0,3 I1IK) oo 48,6 mxe/n. 1100ioHi oco6-
aueocmi po3nodiny L{unxy i Mapeanyio 6ynu 6cmanoeieni maxkoxic cmocoeHo ixHb020 émicmy ¥ OOHHUX ioknadax. 3okpema, pisnuyi y
emicmi LJunky 6 3paskax OOHHUX 6I0KAa0I6 cmanosunu oausbko 23 paszie — 6i0 5,4 0o 230 me/ke 3anedcho 6i0 micys 6i060py 3paska.
Buicm Mapeanyro y oonnux gioxknadax sminiogagca 6io 61,5 do 1500 me/ke. Konyenmpayisa yunky ma Mapeanyro @ cKelemuux m a3ax,
350pax i wWKipi OKyHA ma Kpacronipku He nepesuwgyeana I JIK, nezanescHo 6i0 ixnbo20 emicniy y 600i ma OOHHUX ioKkaaoax. B 6invuio-
cmi 8UNAOKIs, 350pa HAKONUYYEAU Yi eleMeHmU OLIbUOI MIPOIO, HIJIC THULL QOCTIONCYBAHT MKAHUHU.

Kniwouosi cnosa: Lunx, Mapzaneys, ciopoexocucmema, 6000cxosuwye, 600d, OOHHI 8IOKIAOU, KPACHONIPKA, OKYHb, Op2aHU, MKA-
HUHU.

Haxonsienue u pacnpeaejieHde MUHKA 1 MAPraHia B BOAHOM IKOCUCTEMeE
SIBOpoBCKOro BoAOXpaHuINIIa, JIbBOBCKas 00,1aCTh, Y KpanHa
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ya. JIvsosckas, 11, nem Benuxuii JTiobenv, 81555, Yxpauna;
2 lTv6oscKuii nayuonansuelil yHusepcumem eemepunaphoti meduyunwt u ouomexronozuii umenu C.3. Icuyroeo,
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B pabome npeocmasnenvt pesynomamsl uccireoosanus cooepicanus Lunka u Mapeanya 6 600e, OOHHbIX OMAOICEHUAX U UX-
muogayne HAsoposckozo sodoxpanunuma, cozoannozo ¢ 2002 200y 6 pamkax npoexma occmarnosnenus. meppumoputi A6oposckozo
cepHoco Kapvepa. Yrazaumvle dnemenmol XapaKmepusyliomces Wupokum cneKmpom 0eticmeus 8 opeanusme pulo, Komopoe, 8 3d6Uuci-
Mocmu om KOHyeHmpayuu, moxcem 6vims usuonocuveckum 1ubo moxkcuveckum. buvino ycmanosneno, umo konyenmpayus Llunxa u
Mapeanya 6 600e H80p0o6cKk020 6000XPAHUNUWA SHAUUMETLHO OMIAULANACH 8 3A8UCUMOCIU OM Mecma ombopa npodsl. Munumany-
Hoe cooeparcarue Lunka 6 6ooe cocmasnano nudice 1 II/[K (npedenvro donycmumotl konyenmpayuu), a umenro 0,6 mxe/1, a Maxcu-
manvhoe — na ypogne 6onee 7 IIJIK (70,5 mxe/n). Ilooobnbie omauuusa Ovbiau ycmanosiensl Kacamenvho cooepicanus Mapeanya 6
600e — OUANA30H YCMAHOBIEHHbIX KoHyenmpayui naxoounca e npeoenax 3,3 (0,3 II[IK) — 48,6 mxe/n. Ilooobnvie ocobennocmu
pacnpeoenenus Lunka u Mapeanya Oviiu 6bis61eHbl MAKIHCe 8 OMHOUEHUN UX COOEPAHCAHUA 8 OOHHBIX OMAONCEHUAX. B uacmnocmu,
paznuuus 6 cooepaicanuu LJunka 6 06pazyax OOHHBIX omaodicenull cocmaegusinu oxkono 23 paz — om 5,4 0o 230 me/xe 6 3asucumocmu
om mecma ombopa npod. Codepawcanue Mapeanya 6 OOHHLIX OMAOHCEHUAX HAXOOUNOCH 6 npedenax 61,5—1500 mx/xe. Konyenmpa-
YU YUHKA U MAP2AHYA 6 CKENEMHbIX MbIUYAX, HCAOPAX U Kodce OKVHA U KpacHonepku ne npesvuuana IJK nesasucumo om ux ypos-
HA 8 800€ U OOHHBIX OMIIONCEHUSAX. B bobuiuncmee cyyaes #eabpsl HAKANIUSANU IMU DNEMEHMbL 8 HAUDOIbUIEN CMeNeHU 8 CPABHe-
HUU ¢ OpyeUMU UCCTIeOYeMbIMU MKAHAMU.

Knioueswie cnosa: Llunx, Mapeaney, cudposxocucmema, 6000xpanunuuje, 800da, OOHHbIE OMAOICEHUS, KPACHONEPKA, OKYHb, Op-
2aHbL, MKAHU.

Introduction

Anthropogenic transformation and industrial pollution
of landscapes belongs to important ecological problems in
Ukraine; their solution can be realized in number of ways,
including hydrological technique, introduction of sustain-
able plants, land development etc. Rehabilitation of tech-
nogenic landforms by formation of artificial water bodies
is rational due to both ecological and economical back-
grounds (Szabo et al., 2010). Yavoriv water storage reser-
voir was formed in 2002 in frames of project of Yavoriv
sulfur quarry revitalization. Filling of the reservoir with
water lasted from 2002 to 2006; nowadays it is one of the
largest artificial waterbodies in Ukraine with the total
volume of near 200 million m? and depth up to 70 m
(Taras, 2013). Water supplementation of the reservoir is
provided by Schklo River — the tributary of San River
from Vistula River basin. Ichthyofauna of reservoir is
presented by pike (Esox lucius), common carp (Cyprinus
carpio), sulver carp (Hypophthalmichthys nobilis),
roach (Rutilus rutilus), Prussian carp (Carassius gibelio),
perch  (Perca fluviatilisy and rudd (Scardinius
erythrophthalmus). Perspectives of further use of Yavoriv

water reservoir comprise mainly recreation activity and
fisheries, but possibilities of their implementation are
limited by water body ecological conditions, including
heavy metals concentration in the water.

The aim of our research was determination of Zn and
Mn concentration in the water, bottom deposits and ich-
thyofauna of Yavoriv water reservoir. Due to their physi-
cal properties, both of this elements belongs to the group
of heavy metals — common pollutants of aquatic ecosys-
tems; meanwhile they acts also as essential trace elements
with wide spectrum of biological activity in living beings
(Dobryanska et al., 2013). Both deficiency and excess of
Zn and Mn negatively affected metabolism in fish bodies.
Biological activity of Zn is determined by its incorpora-
tion in alkaline phosphatase, carbonic anhydrase, carbox-
ypeptidase, collagenase, mannosidase and superoxide
dismutase enzymes (Yanovych and Yanovych, 2014).
Zinc deficiency leads to inhibition of abovementioned
enzymes activity, disruption of development, growth
delay and increased mortality (Yanovych and Yanovych,
2014); at the same time, high concentrations of zinc in the
water may cause kidneys lesions in fish body, fertility
oppression and decreasing of growth rate (Hrytsyniak et
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al., 2015). Due to influence on corresponding enzymes
activity, Mn realizes its effect on protein, lipids and car-
bohydrates metabolism and on antioxidant system effi-
ciency (Yanovych and Yanovych, 2014). Mn deficiency
may accompany with cataract development and abnormal-
ities of bones, while toxic doses of Mn may cause lesions
of hematopoietic tissue and disorders of ions transport
(Hrytsyniak et al., 2015).

Materials and methods

Samples of water, bottom deposits as well as samples
of tissues of rudd and perch from Yavoriv water storage
reservoir were used in research. Samples of water and
bottom deposits were taken in three points (Pic. 1) — Nel
(50 meters from Schklo River estuary), Ne2 (50 meters
from Yaksha River estuary) and Ne3 (pelagic part of water
reservoir).

Pic. 1. Points of samples taking

Water samples were taken at 0.5 m depth. Fishes were
slaughtered via striking of the cranium, according to the
demands of European convention for the protection of
vertebrate animals used for experimental and other scien-
tific purposes; after slaughter samples of skeletal muscles,
gills and skin were taken. Selected samples in 5 g quantity
were placed in the flasks, filled with 20% HCI solution
and boiled at electric stove for 30 minutes. Then, after
cooling, solutions of samples were filtered and added with
bidistilled water up to 200 ml. In obtained samples Zn and
Mn concentration was evaluated with atomic absorption
spectroscopy method at wave length 213.8 and 257.6 nm
correspondingly (Price, 1972). Obtained data were pro-
cessed statistically.

Results and discussion

The data presented in Table 1 testified the fact that Zn
and Mn concentration in the water and bottom deposits of
Yavoriv water reservoir varied considerably depending on
place of sample taking. In particular, the lowest observed
Zn concentration in the water was below 1 MPL, namely
0.6 pg/l, and the highest — more than 7 MPL (70.5 pg/l).
Similar differences were observed concerning Mn con-
centration in the water — the range of determined values
varied from 3.3 pg/l in point Nel (0.3 MPL) to 48.6 ng/l
in point Ne3 (more than 4 MPL). The same peculiarities of
Zn and Mn distribution were estimated in regard to their
content in bottom deposits. In particular, difference of Zn
concentration in samples of bottom deposits was near
23 times — from 5.4 mg/kg in point Nel to 230.0 mg/kg in
point No2.

Table 1

Zn and Mn concentration in the water and bottom deposits of Yavoriv water reservoir (M £ m, n = 4)

Object of research

Zn concentration

Mn concentration

Sample taking point 1 2 3 1 2 3
Water, pg/l 0.6+0.01 |70.5+237| 10.2+0.92 33+£0.07 [15.0+0.80| 48.6+1.67
MPL 10.0 10.0

Bottom deposits, mg/kg

10.1£0.09 [ 5.4+0.12 [230.0+17.26

128.5 + 8.54] 61.5 £ 3.48 | 1500.0 = 68.92

At the same time, Mn content in bottom deposits var-
ies from 61.5 mg/kg (point Ne2) to 1500 mg/kg (point
Ne3) — the observed difference of concentration was near
24 times. Thus, obtained results evident the fact, that there
is no evident dependence between Zn and Mn content in
water and bottom deposits; at the same time, the fact of
this metals accumulation in bottom deposits in greater
measure than in water was approved in all points of sam-
ples taking. Presented results confirms the fact of heavy
metals above normal accumulation in the water and bot-
tom deposits of Yavoriv water reservoir, which was pre-
viously established in our studies (Dobryanska et al.,
2015; Dobryanska et al., 2016).

The data presented in Table 2 confirms the existence
of species and tissue peculiarities of Zn and Mn accumu-
lation in rudd and perch body. In despite the exceeding of
Zn and Mn concentration in the water and bottom depos-
its, their content in tissues of rudd and perch was unex-
pectedly within frameworks of MPL in most of cases.

Regardless the fact, that this fish species didn’t have any
commercial importance, concentration of heavy metals in
their tissues can be used as an indicator of aquatic ecosys-
tem pollution. Concentration of heavy metals in organs
and tissues of different fish species and their influence on
metabolism can serve as a part of a complex system of
aquatic environment biomonitoring (Yanovych et al.,
2016).

Presented results of our research shows, that Zn con-
centration in skeletal muscles, gills and skin of perch
didn’t exceed existing limits. Meanwhile, peculiarities of
Zn accumulation ratio in above mentioned organs and
tissues were established — the element content increased
in row skeletal muscles < skin < gills. The same tissue
dependence of Zn distribution in fish body was revealed
also for rudd; at the same time, Zn concentration in gills
of rudd shows three fold exceeding of maximum permit-
ted level.
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Table 2

Zn and Mn concentration in the tissues of Yavoriv water reservoir ichthyofauna, mg/kg M+ m,n=4)

Object of research Zn concentration Mn concentration
Rudd (Scardinius erythrophthalmus)
skeletal muscles 3.50 +0.09 2.64 £ 0.08
gills 120.20 £ 9.65 3.27 £ 0.06
skin 40.80 +2.48 0.68 +0.02
Perch (Perca fluviatilis)
skeletal muscles 4.50+0.18 0.16 £ 0.01
gills 17.30 +0.09 3.04 £0.02
skin 8.20+£0.12 5.53 £0.09
MPL 40.0 20.0
Concentration of Mn in investigated tissues of rudd References

and perch was within permitted limits, but its distribution
in fish body differed from distribution of Zn. In rudd body
accumulation of Mn increased in row skin < skeletal
muskles < gills, whereas in perch body it increased in row
skeletal muscles < gills < skin. Mentioned peculiarities of
heavy metals accumulation in fish organs and tissues can
be explained by the fact, that fishes intakes mineral ele-
ments not only alimentary, but also through the skin and,
especially, gills. At high concentrations of heavy metals
in the water, gills can be considered as a protective barrier
against their intake.

Conclusions

The results, presented in the paper, shows, that con-
centration of Zn and Mn in the water of Yavoriv water
reservoir varied considerably depending on place of sam-
ple taking. Zn and Mn content were lowest within 50
meters from Schklo River estuary, whereas Zn concentra-
tion was highest within 50 meters from Yaksha River
estuary, and Mn concentration was highest in the pelagic
part of water reservoir. These differences of heavy metals
distribution in the water can be explained by their differ-
ent level in the water of Schklo River and Yaksha River.
It is known, that level of heavy metals in small rivers
greatly influenced by anthropogenic activity, and can
change in dependence on agricultural or industrial load on
the area. In its turn, the ecological status of small rivers
influences on water bodies, which they filled.

There was no evident correlation between Zn and Mn
content in water and bottom deposits, though the latest
accumulated these metals more, than the water, in most of
cases. At the same time, the magnification level of Zn and
Mn was different in each point of samples taking.

Zn and Mn concentration in skeletal muscles, gills and
skin of perch and rudd didn’t exceed MPL regardless their
content in the water and bottom deposits. In most of cas-
es, gills accumulated these elements more than other
investigated tissues, what pointed on dominant role of this
organ in processes of heavy metals intake by fishes.

Perspective for further research. Analysis of heavy
metals content in abiotic and biotic components of artifi-
cial aquatic ecosystems has a great importance for moni-
toring of environmental status of industrial landforms
during rehabilitation process.
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