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Purpose. Assessment of the dynamics of
heavy metal accumulation in water, bottom sed-
iments, and fish of water bodies of different pur-
poses in Dnipropetrovsk region.

Methodology. The study on heavy metal con-
tents in water, bottom sediments, and hydrobi-
onts (fish) was conducted at various water bod-
ies (Dnipro-Donbas hydraulic canal), fish ponds
(ponds of PriSC “AgroSoyuz”, PriSC “Petrykivsky
Rybhosp” and PE «Agrofirma «Nakhodka»),
and multipurpose reservoirs (Dnipro reservoir,
Sholokhivske reservoir) in Dnipropetrovsk re-
gion from 2015 to 2024. The determination of
heavy metal concentrations (Pb, Cd, Mn, Cu, Fe,
Ni, Zn) was carried out at the laboratory of the
Research Center for Biosafety and Environmental
Monitoring of Agricultural Resources of Dnipro
State Agricultural and Economic University. The
metal content was analyzed using atomic ab-
sorption spectrophotometry. The heavy met-
al contents were measured in four fish species
(European perch, roach, Prussian carp, common
carp). Sampling, data processing, and statistical
analysis were conducted according to standard
hydrochemical, hydrobiological, and ichthyolog-
ical methods. The heavy metal contents were
determined in fish muscles. Water quality was
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Mema. OuyiHKa MOKA3HUKi8 8Micmy 8aMCKUX
memasnig y 800i, OOHHUX 8i0Kaadax ma M’A3ax
pub B800HUX 06’€Kmie pi3HO20 NPU3HAYEHHs
JHinponemposcbKoi 0baacmi.

Memoouka. [ocnidxeHHa emicmy 8aMKUX
memasnig y 800i, O0HHUX 8i0Knadax ma 2iopobi-
oHmax (pubi) nposodunau Ha 800HUX 06’ekmax
(eidpomexniyHuli kaHan [Hinpo — [oHb6ac),
pubozocnodapcekux eodolimax (cmasu [MpAT
«AepoCoto3», MpAT «lempukiecokuli pubzocn»
ma [N «Aepogpipma «Haxodka»»), sodocxosu-
Wax KOMMAeKCHo20 Mpu3HaYeHHA ([Hinposcobke
soodocxosuuje, Llonoxiscbke  sodocxosuuwie)
JHinponemposcsKoi 0baacmi y 2015-2024 pp.
Bu3sHa4yeHHA KoHUueHmMpayii eamctkux Memasnis
(Pb, Cd, Mn, Cu, Fe, Ni, Zn) nposodunu Ha 6a3i
nabopamopii HAL, 6io6e3neku i ekosnoziyHo20
KoHmponto pecypcie AMK [Hinposcbkozo dep-
HABHO20 A2PAPHO-eKOHOMIYHO20 yHigepcume-
my. KoHyeHmMpay,ito 8axcKux memasnie 00CnioHcy-
8asnu MemodomM amomHo-abcopbyiliHoi cnek-
mpogomomempii. Bmicm memanie sumiprtosanu
8 4 sudax pub (okyHs piukosuli Perca fluviatilis,
naimka 3euvaliHa Rutilus rutilus, Kapace cpi-
6aacmuli Carassius gibelio, kopon 3eu4aliHuli
Cyprinus carpio). Bid6ip npob, kamepaneHy 06-
pobKy mamepiany npoeodunu 3a cmaHoapm-
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assessed according to general requirements and
standards for fishery water bodies.

Findings. The heavy metal contents in ecosys-
tems of water bodies of different purposes was
determined. In the sediment of ponds of PrJSC
“AgroSoyuz” and PriSC “Petrykivsky Rybhosp”,
the heavy metal contents were significantly
higher than in water or fish body: manganese
within 41.24-68.43 mg/kg, cadmium — 0.32 mg/
kg, lead 1.50-4.90 mg/kg (for ponds of PriSC
“AgroSoyuz”); manganese — 29.73 mg/kg, cad-
mium — 0.54 mg/kg, lead 5.72 mg/kg (for recre-
ational pond of PriSC “Petrykivsky Rybhosp”). For
the water of these ponds, which is used for aqua-
culture, an excess of the content of some heavy
metals — Mn, Zn, Cd - was recorded, and for the
pond of PriSC “AgroSoyuz” also Cu. Exceeding the
normative heavy metal content for pond water of
PE “Agrofirma “Nakhodka” was not noted.

The content of some heavy metals in the wa-
ter of the upper part of the Dnipro reservoir (Cu,
Fe) did not meet the fishery norms.

At the same time, the heavy metal contents
in water and fish of these water bodies does not
exceed the fishery standards for water used for
fishery purposes. The heavy metal contents in
the water of the upper part of the Dniprovske
Reservoir (except for the Samara Bay) corre-
sponded to fishery standards.

The water in the Dnipro-Donbas hydrotech-
nical canal was characterized by high levels of
heavy metals. Of the 6 investigated heavy metals,
the maximum allowable concentrations were not
exceeded only for lead (0.40 mg/dm?)

The heavy metal contents in C. carpio mus-
cles (juveniles and table fish) in different ponds
of PriSC “Petrykivskyi Rybhosp” (nursery and fat-
tening) corresponded to fishery standards during
the three years of the study (2011, 2015, 2016).

In the Sholokhivske reservoir, the zinc content
in C. gibelio muscles was 46.50 mg/kg, slightly ex-
ceeding the maximum allowable concentrations.
Exceedances of copper and lead content were not
noted.

For fish from the Dnipro reservoir, the content
of most heavy metals was elevated. In the meat
of pelagic roach (R. rutilus), only copper content
was within the normal limits (1.56 mg/kg), while
all other 6 heavy metals exceeded the maximum
allowable concentrations. In the meat of ben-
thophagous Prussian carp (C. gibelio), elevat-
ed levels of accumulation of heavy metals were
observed for manganese, iron, lead, and nickel,
while zinc, copper, and cadmium content were
within the standards. In the meat of European
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HUMU 2idpoximiYHUMU, 2idpobionoziyHUMU ma
ixmiono2iyHUMU mMemoouKkamu. Bmicm eaxkux
memarnie susHa4anu y m’azax pub. Axkicme sodu
oyiH8aNU 32i0HO i3 3a2a16HUMU 8UMO2OMU MA
Hopmamu 048 60000UmM pubo2ocrnodapcoKo2o
MPU3HAYeHHA.

Pesyabmamu. Bu3Ha4yeHO 8Micm B8aMH(KUX
memarie 8 OKpeMux KOMMOHEeHMax exKocucmem
80000M pi3HO20 MNpuU3Ha4YeHHA. Y myni cmasie
MpAT «AepoCoto3» ma [MpAT «[lempukiscoKuli
pubzocn» emicm saxkux memasnie 6y8 3HAYHO
8UWUM, HiX y 800i Yu OopaaHi3mi pub: MaHaaHy
— 8 mexax 41,24-68,43 me/ke, kadmito — 0,32
me/Ke, narombymy — 1,50-4,90 me/ke (0na cmasy
MpAT «AzpoCoro3»); MaHzaHy — 29,73 me/Ke, Kad-
mito — 0,54 me/Kke, naombymy — 5,72 me/ke (0na
HazynbHo2o cmasy [pAT «llempukiscokuli pub-
2ocn»). [ng 800U yux cmasis, AKA 8UKOPUCMOBY-
embcs 015 pubozocrniodapcbKux yined, gikcysano-
CA nepesuweHHA amicmy OeAaKUX BaXKUX Mmema-
nie (BM) — nepw 3a ece, Mn, Zn, Cd, a das cmasy
MpAT «AepoCoro3» — we U Cu. He 8id3Ha4yeHo ne-
pesuujeHHA HopmamugHo20 emicmy BM 0514 soou
cmasy 11 «Aepogpipma “Haxodka”».

Bmicm OesKux 8axckux memarnie y 800i sepx-
HbOI dinaHKu [JHinposcbko2o sodocxosuuia (Cu,
Fe) He gidnogidas pubo2ocnodapcbKum Hopma-
musam.

Boda y 2idpomexHiyHoMy KaHani [Hinpo —
JoHbac xapakmepu3sysanaca nidsuweHuUMU no-
Ka3HUKAMU KOHUeHmpayii 8axkux memasnis. I3
6 docnidxnceHux BM He nepesuweHa [[JK mineku
0na naombymy (0,40 me/Om3).

Bmicm saxkux memasnie y m’azax C. carpio
(M0n100i Kopona i mosapHoi pubu) y pizHUx cma-
sax MpAT «lempuckisecbKuli pubzocn» (supouwsy-
8A/IHOMY MA HA2YysbHOMY) 8MPOO0BH MPbLOX
poKie 0ocnioxnceHs (2011, 2015, 2016 pp.) siono-
8idas pub020crnodapcoKUM HOPMAMUBAM.

Y lonoxiscekomy s8odocxosulyi y M’a3ax Ka-
pacsa cpibascmoeo C. gibelio emicm yuHKy cma-
Hosue 46,50 mMz/Ke, WO HE3HA4YHO nepesulyye
[[K. [NepesuweHHA MOKA3HUKI8 KOHUeHMpauii
Cu ma Pb He giomiyeHo.

Ansa  pub [HinposcbKozo 8o0ocxo8uwWa
smicm binbwocmi saxckux memasie bye niosu-
weHuM. Y m’asax nenaeivyHoi naimku R. rutilus
nuwe KoHYyeHmpauisa kynpymy nepebysana y me-
wax Hopmu (1,56 me/Ka), eci iHwi 6 8axKux me-
masie nepesuwysanu Hopmamusu [AK. Y m’s-
3ax 6beHmodpaza kapacsa cpibnscmoezo C. gibelio
niosuwieHi pisHi Hakornu4yeHHA BM gid3Ha4vanucsa
0214 Mn, Fe, Pb, Ni, a 0s4a Zn, Cu, Cd NoOKa3HUKuU
ix emicmy 3Haxoounucs y mexcax Hopmamusy. Y
M’a3ax oKyHA piukosoezo P. fluviatilis Halibinbwuli
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perch (P. fluviatilis), the highest content of heavy
metals was observed for iron (80.54 mg/kg), with
elevated levels observed for manganese, zinc,
lead, and nickel.

The obtained results indicate that the hy-
droecosystem of the Dniprovske reservoir, unlike
other water bodies in the region, is significantly
polluted with heavy metals. This is adequately re-
flected in the levels of heavy metal accumulation
in the organisms of fish from different ecological
groups - pelagic herbivores, benthophagous bot-
tom-feeders, and predators.

Originality. For the first time, the content of
heavy metal accumulation in water, bottom sed-
iments, and fish of water bodies of different pur-
poses in Dnipropetrovsk region has been carried
out over several years (2015-2024).

Practical Value. The obtained results have
theoretical and practical importance for the
preparation of scientific-biological justifications
for the fishery use of water bodies of various pur-
poses in the region. Continuous monitoring of the
heavy metal contents in hydrobionts is necessary
to ensure food safety and the quality of raw ma-
terials and food fish products.

Keywords: Dnipropetrovsk region, heavy
metals, Dnipro Reservoir, Dnipro-Donbas Canal,
ponds, Sholokhivske Reservoir, water, sediment,
fish, accumulation of pollutants.

PROBLEM STATEMENT
AND ANALYSIS OF LAST
ACHIEVEMENTS AND
PUBLICATIONS

Human activity exerts a great pres-
sure on the current state of the environ-
ment. One of the aspects of this activity,
as well as its consequences, is pollution of
the surrounding environment with various
chemical compounds - pesticides, heavy
metals, phenols, SPAR, etc. Chemical pol-
lution of the environment leads to changes
in the natural chemical properties of water
as a result of an increase in the content of
harmful substances or impurities of an in-
organic (mineral salts, acids, heavy metals,
alkalis, etc.) and organic nature (organic
solvents, oil and oil products, synthetic
surfactants, pesticides, phenols) [1, 2].

Aquatic organisms are an important

emicm BM gid3HaueHuli dna Fe (80,54 me/ke),
nidsuweHi nokasHUKU — 0718 Mn, Zn, Pb, Ni.

OmpumaHi pesynsmamu cgid4ame, wWo 2io-
poekocucmema [lHinposcbKo2o 8odocxosuwia,
Ha 8i0MiHy 8i0 iHWUX 800HUX 06’€ekmig pezioHy,
€ 3HA4YHO 3a6pPYOHEHOI 8AHCKUMU Memasnamu.
Lle adeksamHo 8i006pa3unOCA HA PiBHAX HAKO-
nu4yeHHs BM 8 opeaHi3mi pub pi3HUX eKonoaiyHux
epyn — nenaziyHux pub, npudoHHUX beHmoga-
2ie ma xuxaKis.

Haykoea Hosu3Ha. Briepwe 30ilicHeHa oyiH-
Ka emicmy 8axKux memasis y 800i, 00OHHUX 8i0-
Knadax ma pubi 800HUX 06’ekmie pi3HO20 Npu-
3Ha4YeHHA [HinponemposcbKoi 0bsaacmi npoms-
2om 2015-2024 pp.

MpakmuyHa 3Havyumicme. OmpumaHi pe-
3yAbMamu Marme meopemuyHe i NpaKmu4He
3Ha4YeHHSA 0418 NMi020MOB8KU HayKo80-biono2ivHuUX
0b6rpyHmMysaHe pub020cnodapcbKo20 B8UKOPU-
CMAHHA 8000UM Pi3HO20 MPU3HAYEHHA PezioHy.
Ans eapaHmysaHHA npodosonvyoi besneKku i
AKOCMI CUPOBUHU Ma Xxap4080oi pubHoi NPodyKuyii
nompibHo 30ilicHroeamu nocmiliHuli MoHimo-
PUH2 8MiCMYy 8aMHCKUX Memasis 8 2iopobioHmax.

Kntoyoei cnosa: [Hinponemposcoka 06-
aacme, e8axcki memanu, [Hinposceke 6000-
cxosuwe, Kavan [Hinpo — [JoHb6ac, cmasu,
LLlonoxiecbke sodocxosuwie, 8004, OOHHI 8i0Ka-
du, puba, HaAKONMUYeHHA MoAMaHmMie.

MOCTAHOBKA NMPOBJEMMU
TA AHAJI3 OCTAHHIX
JOCJII)KEHD I MYBJIKALII

JIsUTBHICTD JIIOWHU CIIPUYHHSE BEIU-
K€ HABAHTAXXCHHs HA CyJYacHHH CTaH J0-
BKULIA. OIHUM 13 acleKTiB Li€l AisIbHO-
CTi, a TAKOX 1 HacHiAKaMHu i, € 3a0pynHeH-
HS JOBKOJIHIIIHBOTO CEPEAOBHINA PI3HUMHU
XIMIYHUMH CHOITYKaMH — MECTHIHIAMH,
BaXXKUMH MeTanamu, ¢eHonamu, CITAP
Tomo. XiMiuHe 3a0pymHEHHS IOBKILISL
MIPU3BOAMTS JIO 3MiH MIPUPOIHUX XIMIYHUX
BIIACTUBOCTEH BOXM B pe3yabraTi 301Ib-
IICHHS BMICTY IIKIJJIMBUX PEYOBHUH abo
JIOMIIIIOK HEOpTaHi4Ho1 (MiHepaJbHi Codi,
KHCJIOTH, BXKKI METaJIH, JIYTH TOIIO) 1 Op-
raHiqHoi mpupoau (OpraHidHi pPO3YHMHHU-
kH, HaTa Ta HAPTOMPOIYKTH, CHHTETHYHI
MOBEPXHEBO AKTUBHI PEUOBUHHU, MTECTHIIU-
1y, peromn) [1, 2].
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link in the continuous cycle of micro- and
macroelements - metals in the reservoir,
which belong to the group of so-called in-
dispensable for the vital activity of living
organisms. These micro- and macroele-
ments (zinc, cobalt, copper, ferrum, mag-
nesium, manganese, chromium, and oth-
ers) play an important role in physiological
and biochemical processes in the bodies of
aquatic organisms [3].

Heavy metals (HM) occupy a special
place in a number of toxic compounds.
The peculiarity of heavy metals is that they
do not decompose and do not degrade over
time like chemical organic pollutants, but
only change their form of existence, un-
dergo redistribution, gradually accumulate
in various biotic and abiotic components
of the hydroecosystem [4]. However, it
should be noted that in trace amounts, the
content of HM is a natural and even nec-
essary component of a living cell, with the
exception of mercury, lead and cadmium
[5]-

Aquatic organisms have the ability to
concentrate metals in the body, synthesize
vital substances in the form of metal- and
metalloid-organic compounds (enzymes,
vitamins, hormones, etc.). Due to their
high biological activity, metals can sig-
nificantly affect the quality of the aquatic
environment and biota. This happens due
to the violation of the balance of chemi-
cal elements in living tissues, which, to a
certain extent, acts as one of the factors
stimulating or inhibiting the growth and
development of aquatic organisms [6, 7].

An increase in HM concentrations in
the environment, and, as a result, in the
tissues of aquatic animals and plants, can
negatively affect the stability of the hydro-
ecosystem. This is explained by the fact
that at certain concentrations many trace
elements act on the body as toxic substanc-
es. It has been proven that with increased
concentrations of metals in organs and tis-
sues, the boundary between their “physi-

['IpoOioOHTH € BaXKIUBOIO JIAHKOIO
B HENEPEpBHOMY KOJIOOOIry MIKpO- Ta
MaKpOEeJIEMEHTIB — MeTalliB BOJOWMH, SKi
HaJIekKaTh 70 TPYIM TaK 3BaHUX He3aMiH-
HUX JIJIS )KUTTEASUTLHOCTI JKHBHX OpTaHi3-
MiB. Lli Mikpo- Ta MakpoeneMeHTH (L[UHK,
KOOAJIBT, KynpyM, epyM, MarHiii, MaHTaH,
XPOM Ta iHIII) BiAIrparoTh BaXIIUBY POJIb y
¢izionoriyHMX Ta 610XIMIYHUX MpoIecax B
oprasi3zmax rifzpo6iosris [3].

Baxki meramu (BM) mocigarots oco-
OnBe Miclle y HU3II TOKCUYHHUX CIONYK.
OCOONMBICTIO BaKKMX METAIB € Te, IO
BOHH HE PO3KJIaJIalOThCS 1 HE JeTpalyioTh
3 YacoM, K XIMIYHI OpraHivHi IOJIIOTaH-
TH, a JIUIIE 3MiHIOIOTH ()OPMY iCHYBaHHS,
3a3HAIOTH IEPEPO3IOILTY, IIOCTYIIOBO aKy-
MYJIIOIOThCS Y pi3HUX O10THYHHX Ta abio-
TUYHAX KOMIIOHEHTaX TiIpOEKOCHCTEMH
[4]. Ane HEOOXiTHO 3ayBaXkKUTH, IO Y Mi-
KpPOKUIBKOCTAX BMicT BM € mpuponHoro i
HAaBiTh HEOOX1IHOIO CKIIAI0BOI) YACTUHOIO
JKUBOI KJIITHHH, 332 BUHATKOM PTYTi, ITFOM-
OyMy Ta Kaamiro [5].

I'inpo6ioHTH MaloTh 3/1aTHICTH KOH-
LEHTPYBaHHS METaliB B OpraHi3Mi, CHH-
TE3YIOTh KHTTEBO HEOOXITHI PEYOBHUHU y
BUDIISI/II METAJIO- Ta METaJI0II00PraHi YHAX
crionyk ((hepMeHTIB, BiTaMiHiB, TOPMO-
HIB TomO). BHaciok Benukoi Oiojoriv-
HOi aKTHBHOCTI METAd MOXYTHb CYTTEBO
BILJIMBATH Ha SIKICTh BOJHOTO CEpPEIOBHUINA
ta Oiotn. lle BimOyBaeThCs 3aBISKH TIO-
pyIIEHHIO OajlaHCy XIMIUHHX EJIEMEHTIB
y JKHBHX TKaHWHAX, IO TIEBHOIO MIpPOIO €
OJTHUM 13 CTHMYJIIOBAJILHUX YU MPUTHITY-
BaJIbHUX PICT Ta PO3BHTOK TiApOOIOHTIB
YUHHUKIB [6, 7].

3pocTtanHa KoHueHTparii BM y no-
BKULJII, 1, IK HACIIJOK, B TKAHHMHAX BOJIS-
HUX TBapUH 1 POCIUH, MOXE HEraTHBHO
BILJIMBATH HA CTAOUTBHICTb T1IPOEKOCHUCTE-
M. Lle mosCHIOETECS THM, IO TIPH IEBHAX
KOHIIEHTpAIlisIX 0araro MiKpOEJIEeMEHTIB
JIIOTh Ha OpraHi3M SK TOKCHYHI PEYOBH-
HU. JloBeAeHO, IO MPH MiABUIIEHUX KOH-
[EHTPAIliAX BMICTy METaJiB B OpraHax Ta
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ological” and “non-physiological” action
disappears. When metal concentrations
increase in the water environment, each el-
ement in living organisms begins to act as
a toxic substance [8, 9].

The maximum ability to concentrate
HM is inherent in suspended substances
and bottom sediments of reservoirs, plank-
ton organisms, benthos (molluscs, crusta-
ceans, and others), fish. The accumulation
of HM usually increases in the following
order: fish - crustaceans - unicellular algae
- bacteria. Aquatic organisms convert sol-
uble forms of metals into suspended sol-
ids, accumulate them to form soft tissues,
use them to build shells and skeletons, and
transform them into various organometal-
lic compounds. When aquatic organisms
die, part of their tissues decomposes (natu-
ral destruction), releasing organic and min-
eral compounds into the water, including
HM [10].

Heavy metals pose a danger as pollut-
ants of fish farms, because even in small
concentrations they have a toxic effect on
aquatic organisms due to bioaccumulation
in their organs and tissues. Along with a
direct toxic effect on a living organism,
heavy metals cause dangerous biological
consequences: metabolic processes are
disrupted, the productivity of aquatic or-
ganism populations decreases, and various
inter-population relationships are disrupt-
ed.

HIGHLIGHT OF THE EARLIER
UNRESOLVED PARTS OF THE
GENERAL PROBLEM.
AIM OF THE STUDY

Within the EU, Water Framework Di-
rective specifies good environmental sta-
tus for all surface water bodies as manda-
tory environmental goals to be achieved by
2027 [11]. Biological diversity of aquatic

TKaHWHAX 3HHUKa€E Mexa Mk ix «diziomno-
TIYHOIO» Ta «HE(i310N0ridHOI0» Ai€l0. 3a
3pOCTaHHS y BOAHOMY CEpEIOBHIII KOH-
LEHTpalii MeTaliB KOKeH eJIEMEeHT y KH-
BUX OpTraHi3Max ITOYMHAE JTiSATH SIK TOKCHY-
Ha pedoBuHa [8, 9].

MakcuManbHa 3IaTHICT  KOHIIGHTPY-
Bariu BM mpuramaHHa Ui 3aBHCIHX pe-
YOBHH Ta JIOHHHX BIJKJIAJiB BOJOWUM, Op-
TaHI3MIB IUIAHKTOHY, OCHTOCY (MOJIOCKH,
paxoroioHi Ta iHimi), pud. HakonmueHHs
BM, 3a3Buuaii, 3pocTac B TakOMy IOps[-
Ky: puOH — pakonomiOHI — OJHOKJIITHHHI
BOZIOpOCTI — OakTepii. BoaHi opranizmu
MePeBOIATh PO3YMHHI (HOPMHU METATIB Y
3aBHCII, aKyMYJIIOIOTh iX Ui (hOpMyBaH-
HS M SIKUX TKaHUH, BUKOPHUCTOBYIOTH IS
MoOYyI0BY MAHIUPIB TA CKEJETIB, NEPETBO-
PIOIOTh HA Pi3HI METAJOOPraHiyHi CIIONY-
ku. [Ipu BimMMpaHHI BOIHMX OpraHi3MiB
YacTWHA iX TKaHWUH PO3KIamaeThes (IpH-
pOZHA AECTPYKLis), BUBLIBHSIIOUN Y BOAY
OpraHiYHI Ta MiHEpaJbHi CIIOJIYKH, B TOMY
yucii i BM [10].

Baxkki MeTanu cTaHOBIATH HEOE3IEKy
K 3a0pyJIHHKH pPHUOOTOCIIOAAPCHKUX BO-
JTOWM, OCKIUJTbKY HaBiTh Y HE3HAYHUX KOH-
LEHTPAaMisX TOKCHYHO BILUIMBAIOTH HA BOJI-
Hi OpraHi3MH BHACIIJIOK 010aKyMyJIAIlii B
ix opraHax i TkaHWHaX. Pazom 3 mpsimMoro
TOKCHYHOIO JII€I0 Ha J>KHBHU OpraHi3M,
BaXXKi METalll CHPUYHMHAIOTH HeOe3NeuHi
010JIOTIYHI HACITIKH: TIOPYIIYIOTHCS METa-
00Ji4HI IpoLecH, IPU I[bOMY 3HIKYEThCS
MIPOAYKTUBHICTD TOMYJISAIINA TiApOo0iOHTIB,
MOPYIIYIOTHCS PI3HOMAHITHI MIKIOIYJIS-
IiiTHI B3a€MHUHHU.

BUAIVIEHHSA HEBUPIIIEHUX
PAHIIIE YACTHH 3ATAJIBHOI
INPOBJEMMHU. META POBOTH

V¥ pamkax €C Bonna PamkoBa lupek-
THBA 3a3Ha4ae MOOPHUIl EKOJOTIYHUHN CTaH
JUTSL BCIX TIOBEPXHEBUX BOJHUX 00’€KTIB
SIK 000B’SI3KOBY €KOJIOT1YHY I[iJIb, 110 Ma€
Oyt mocsrHyTa 10 2027 p. [11]. biomo-
riuHe PI3HOMAHITTS BOIHUX OiopecypciB
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biological resources (flora, invertebrates,
vertebrates) is a mandatory component for
assessing the ecological state of freshwater
bodies.

Of course, for Ukraine, which is at war
with a treacherous occupier, ensuring the
fulfillment of all environmental require-
ments is an extraordinary challenge. How-
ever, the implementation of multi-year
monitoring studies allows clearly deter-
mining the dynamics of changes in the
aquatic environment, assessing the degree
of degradation of the reservoir or the im-
provement of water quality, the health of
aquatic organisms.

In the Dnipropetrovsk region, there are
dozens of water bodies of various purpos-
es, among which the largest (apart from
the Dnipro reservoirs) are the Kryvorizhye
reservoirs - Karachunivske, Kresivske,
Makortivske, Sholokhivske, Pivdenne
and others. Most often, the water masses
of these objects are intended for technical
and drinking water supply, irrigation, flood
protection, fishing purposes, etc. Consid-
ering the above, the monitoring of heavy
metals as pollutants in such water bodies is
of undeniable relevance and urgency.

The purpose of the work is to evaluate
the heavy metal contents in water, bottom
sediments and fish muscles of water bodies
of various purposes in the Dnipropetrovsk
region.

MATERIALS AND METHODS

The study of the heavy metal contents
in water, bottom sediments and aquatic
organisms (fish) was carried out on water
bodies (the Dnipro-Donbas hydrotech-
nical canal), fish ponds (ponds of PrJSC
“AgroSoyuz”, fattening ponds of PrJSC
“Petrykivsky Rybhosp” and PE “Agrofir-
ma “Nakhodka »), multipurpose reservoirs
(Dnipro reservoir, Sholokhivske reservoir)
of Dnipropetrovsk region in 2015-2023
(Fig. 1).

Determination of the heavy metal (Pb,
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(pmopa, 6e3xpebeTHI, XpeOSTHI TBAPHHH)
€ 000B’I3KOBHM KOMITOHEHTOM JUJIsI OI[IHKH
€KOJIOTIYHOTO CTaHy MPICHUX BOIOMM.

3BU4aiiHO, U1 YKpaiHU, 1[0 BOIOE 3
BIpOJIOMHMM  OKYIIAHTOM, 3a0e3IeucH-
HSl BHKOHaHHsI BCIX €KOJIOTIYHHUX BHMOT
€ HAI3BHYAMHHUM BUKIMKOM. AJle 3.iiic-
HEHHs 0araropiuHMX MOHITOPUHTOBUX
JOCITIJDKEHBb J]a€ 3MOTY YiTKO BH3HAYaTH
JIUHAMIKY 3MiH Yy BOJHOMY CEpEIOBHILI,
OIIIHIOBATH CTYIIHb Jerpajamii BOJXOHMH
Y TIOKPAIIEHHS SKOCTI BOIH, 3/0POB’S
TiIpoOIOHTIB.

B JlninpomneTpoBchKiit o0nacTi Hapa-
XOBYIOTBCS JICCTKU BOJIHUX 00’ €KTIB pi3-
HOTO TPU3HAYEHHS, CePel SIKMX HalOib-
mMH (KpiM THITPOBCHKUX BOJIOCXOBHIIT)
e BogocxoBuma Kpusopixxs — Kapa-
yyHiBChbke, KpeciBcbke, MakopTiBChKe,
Ilonoxieceke, IliBaenne Ta iHmm. Haii-
gacTinie BOJHI MacW IUX 00’ €KTIB IMpH-
3HAYAIOTHCS U TEXHIYHOTO Ta IHUTHOIO
BOJIONIOCTAYaHHs, 3POMICHHS, IS 3aXUCTY
BiJ] MOBEHEH, pUOOTOCIONAPCHKUX IIiICH
Tomo. BpaxoByroun 3a3HavueHe BHUIIE, MO-
HITOPUHT BaXKHX METAJIiB K 3a0pyJHUKIB
y TaKuX BOJOWMAax Mae Oe33alepedHy ak-
TYaNbHICTb 1 HAraJIbHICTb.

Mertoto poOOTH € OIliHKa IMOKa3HUKIB
BMICTY BaXKMX METaJiB y BOJi, JOHHHUX
BIJIKJIaJIaX Ta M’s3aX pUO BOIHUX 00’ €KTIB
pi3HOrO Mpu3HaYeHHs JIHIMPONIeTPOBCHKOL
obmacri.

MATEPIAJIN TA METOAH

JlocmipkeHHsT BMICTY Ba)KKUX MeTa-
JIiB y BOJI, IOHHUX BIJKJIagaxX Ta TiApO-
OioHTax (pubi) MPOBONWIM HAa BOTHHX
00’exTax (TigpoTexHiuHuil kaHan JHimpo
— Jlonbac), pubOrocrnogapchbKux BOIO-
iimax (craB [IpAT «ArpoCoro3», HarymbHi
craBu [IpAT «llerpukiBchkuil puOrocH»
ta III1 «Arpodipma «Haxomka»y), Bogo-
CXOBHIAX KOMIUIEKCHOTO TIPH3HAYCHHS
(IninpoBcrke BomocxoBuie, Illomoxis-
chbke BoOCXOBHIIE) JIHIMPONETPOBCHKOI
obnacti y 2015-2023 pp. (puc. 1).
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Fig. 1. Sampling locations for water bodies in Dnipropetrovsk region for deter-
mination of heavy metal concentrations: 1 — Dnipro-Donbas hydraulic canal; 2 —
pond of PrJSC “Petrykivsky Rybhosp”; 3 — pond of PE «Agrofirma «Nahodka»; 4
— upper section of the Dnipro reservoir (area near Monastyrskyi island); 5 — pond of
PrJSC “AgroSoyuz”; 6 — middle section of the Dniprovske reservoir (Bashmachka
ravine); 7 — Sholokhivske reservoir (mouth of the Bazavluchok river)

Cd, Mn, Cu, Fe, Ni, Zn) contents in water,
bottom sediments, and fish muscles was
carried out at the laboratory of the Sci-
entific Research Center for Biosafety and
Environmental Control of Agricultural Re-
sources of the Dnipro State Agrarian and
Economic University.

The heavy metal contents was inves-
tigated by atomic absorption spectropho-
tometry. For this purpose, appropriate
sample preparation was carried out: sam-
ples of water, bottom sediments and soft
tissues (muscles) of fish taken from sev-
eral parts of the fish were dried to a dry
residue at a temperature of +95+5°C. After
that, dry mineralization of the samples was
carried out in a muffle furnace at a temper-
ature of 450 = 5°C for 10-12 h, followed
by dissolution of the ash residue in a nitric
acid solution.

Assay of heavy metals was carried out
on an atomic absorption spectrophotom-

BuzHaueHHs KOHIIEHTpALli] BA)KKHUX Me-
taniB (Pb, Cd, Mn, Cu, Fe, Ni, Zn) y Bogi,
JIOHHUX BiJIKJIa/iaX, M’si3aX puO MpoBOIH-
v Ha 0a3i maboparopii HaykoBo-mocmin-
HOTO HEHTPY 0i00e3MeKH 1 eKOJOTiYHOTO
koHTpOEO pecypciB ATTK JIHIMTPOBCHKOTO
NIEPKaBHOTO arpapHO-eKOHOMIYHOIO YHi-
BEPCHTETY.

Bwmict MertaniB JOCTIIKYBald METO-
JIOM aTOMHO-a0copOIiifHOT cIeKTpodoTO-
MeTpii. /s bOoTo MomepeHbO MPOBOIH-
JY BIAMOBIAHY MPOOOMIATOTOBKY: 3pa3Ku
BOJH, JTOHHHX BIJKIaJ€Hb 1 M SIKMX TKa-
HUH (M’s131B) puOH, BimiOpaHUX 3 JEKilb-
KOX 11 4aCTHH, BUCYLIYBalld 10 CYXOro 3a-
JIMINKY MpH Temneparypi +95+5 °C. Ilicns
I[LOTO IIPOBOJIIIN CYXy MiHEpali3allilo Ha-
Ba)XOK y My(emnbpHii nevi npu TeMmneparypi
450£5°C Bopomosxk 10-12 rog 3 moganb-
[IMM PO3YMHEHHSM 30JIbHOTO 3aJIHMIIKy B
PO3YHHI a30THOI KHCIIOTH.
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eter S-115 FCM with atomization in the
flame of an “acetylene-air” gas mixture.
The degree of light absorption was meas-
ured with characteristic absorption spectra
for each metal: Mn —279.5 nm; Cu—324.7
nm; Fe — 248.3 nm; Zn — 213.9 nm; Pb —
283.3 nm; Cd - 228.8 nm. The calculation
was carried out according to the calibration
schedule built using standard state samples
of the solution compositions.

The heavy metal contents were meas-
ured in sexually mature individuals (age-
3-4+) of 4 fish species (Prussian carp
Carassius gibelio, common carp Cyprinus
carpio, perch Perca fluviatilis, roach Ruti-
lus rutilus).

Adult fish were selected from commer-
cial catches (nets with mesh sizes of 37-92
mm, length of 30 m, height of 2.0-4.0
m), as well as during test and biological
catches using small-mesh (fry) seine with
a length of 15 m , with a mesh size in the
wings of 7 mm, in the cod-end - 3 mm.

The collection of biological materi-
al was carried out according to standard
methods [12—-14], the laboratory process-
ing of the material was carried out in ac-
cordance with generally accepted hydro-
chemical, hydrobiological and ichthyo-
logical methods [15, 16]. The heavy metal
contents were determined in fish muscles.
The preparation of samples for the deter-
mination of heavy metals was carried out
according to standard methods [17-20].
The quality characteristics of water were
evaluated in accordance with the general
requirements and norms for water bodies
used for fish farming [21, 22].

The obtained own materials were also
compared with data available in open peri-
odicals from other researchers of reservoirs
of the Dnipropetrovsk region [23-25].

KinpkicHe BU3HAYEHHS BaXKHX Me-
TaJiB MPOBOJIWIM HA ATOMHO-aOCOpOIiii-
HOMYy cnekTpodoromerpi S-115 FCM 3
aToMizali€el0 B MOIyM’i ra3oBoi cymimni
«aneTHIeH-MOBITPs». CTyNiHb MOIIMHAH-
HS CBITJIa — TP XapaKTEPHHUX CIIEKTpax
MOTIMHAHHS JUIS KOYKHOTO MeTaiy: Mn —
279,5 um; Cu — 324,77 am; Fe — 2483
HM; Zn — 213,9 um; Pb — 283,3 um; Cd
— 228,8 HM. Po3paxyHOK Bemu 3a Kaii-
OpyBasibHEM TpadixoM, moOygoBaHMM i3
BUKOPHCTAHHSIM CTaHAAPTHHX JEPKABHUX
3pa3KiB CKIIaJy pO3YHHIB.

BMicT BaKKHX METaJliB BUMIPIOBAJIH B
crareBo3piiux ocobunax (3—4+) 4 Buuis
puo (xapacsk cpibmsctuit Carassius gibelio,
Kkopon 3Buuaiinuii Cyprinus carpio, OKyHb
piukoBuit Perca fluviatilis, mniTka 3BU4aii-
Ha Rutilus rutilus).

Jopocnux pub Bimdoupanu i3 IpoMuc-
JIOBHX YJIOBIB (CTaBHI CITKH 3 pO3MipoM
Biuka 37-92 mm, noexuHow 30 M, BH-
cororo 2,0-4,0 M), a TakoX IiJ Yac KOH-
TPOJIBHO-010JIOTIYHUX OOJIOBIB 3 BHKO-
pUCTaHHAM JpiOHOBIYKOBOT (MaJIbKOBOI)
BOJIOKYIIII JTOBKUHOI 15 M, i3 BiYKOM Yy
Kpuiiax 7 MM, B Kyl — 3 MM.

Bin6ip GiomoriyHoro marepiairy mpo-
BOJIWJIM 32 CTaHAAPTHUMH METOJHKAMH
[12-14], xamepanbHy 00poOKy MaTepi-
aJly BHUKOHYBaJM BiJIIOBITHO IO 3arajb-
HONMPUHHATHAX TIAPOXIMIYHHUX, TiApodio-
JIOTIYHUX Ta IXTIONOTIYHUX MeTomuK [15,
16]. BMicT BaxKMX MeTajiB BU3HAYAIU
y M’sa3ax pud6. IliarotoBky mpo® mis Bu-
3HAQUEHHS BAXKUX METATIB IIPOBOIMIH
3a cTaHmapTHUMH Metoawkamu [17-20].
OIiHIOBAIH SKICHI XapaKTEPUCTHKH BOAM
3TiIHO 13 3araJlbHUMH BUMOTaMU Ta HOp-
MaMH ISl BOAOMM pHOOTOCIOAapCHKOTO
npusHadyeHHs [21, 22].

OTpuMaHi BIacHI Marepiajii OpiBHIO-
BaJIM TaKOX 13 JIOCTYIHHMH Yy BiIIKPHUTIH
MepioanIll JaHUMH 1HIIWX JOCHIIHUKIB
BonoIM J{HinmponeTpoBcbkoi odnacTi [23—
25].
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STUDY RESULTS
AND THEIR DISCUSSION

The results of determination of heavy
metal contents in water, bottom sediments
and fish muscles of water bodies of various
purposes in the Dnipropetrovsk region are
presented in Table 1.

It should be noted that the heavy met-
al contents in bottom sediments of ponds
was significantly higher than in water or
fish bodies: manganese in the range of

PE3YJIbTATH AJOCJIAXEHDb
TA IX OBTOBOPEHHS

Pesynprati BU3HAYEHHS BMICTY BaXK-
KUX METaliB Yy BOJi, MOHHUX BigKiagax
Ta M’si3aX pUO BOIHUX 00’EKTIB Pi3HOTO
npusHa4eHHs JHIponeTpoBCchKoi 0bnacTi
npeacTapiieHi y Tabmuii 1.

Cnig BiA3HAYMTH, 10 B JOHHHMX Bif-
KJIQJax CTaBiB BMICT BaKKHUX MeTalliB OyB
3HA4YHO BUILUM, HIXK y BOZ1 YW OpraHi3mi
pub: manrany — B Mexkax 41,24-68,43

Table 1. Heavy metal contents in water (mg/dm?), sediment (mg/kg), and body of
certain fish species (in muscles), mg/kg of wet weight (at natural moisture content)

Heavy metals

Mn | zn | cu | Fe | cd | Pb | Ni
Fishery standards (maximum
allowable concentration) for fishas 2.0 40.0 10.0 30.0 0.2 1.0 0.5
a food product, mg/kg
Maximum allowable concentration
of heavy metals in water, mg/dm? 0.01 0.01 0.001 0.1 0.005 0.1 0.01
Pond No. 1 of PrJSC “AgroSoyuz” (spring, winter 2015)
Sediment, 12.04.2015 41.24 1561 4.20 4.12 0.32 4.90 -
Sediment, 10.12.2015 68.43 7.42 1.52 6.52  <0.001 1.50 -
Water, 10.12.2015 p., mg/dm? 0.050 0.035 0.034 0.091 0.005 0.058 -
Pond of PrJSC “Petrykivsky Rybhosp” (summer 2015, 2016)
;‘J’:::::rnzcoalrg Cyprinus carpio, 037 320 0260 387 002 070 -
Sediment, summer 2015 29.73 1440 4.07 1.26 0.54 5.72 -
Water, summer 2016, mg/dm3 0.055 0.031 0.010 0.096 0.032 <0.0001 -
Pond of PrJSC “Agrofirma «Nahodka»” (spring 2024)
Water, mg/dm3 - 0.01 <0.0001 0.04 0.0001 0.0006 -
Dnipro reservoir (summer 2015)
Roach (Rutilus rutilus), Bashmachka
ravine, middle section, August 1, 4.33 54.9 1.56 69.22 0.28 1.94 2.97
2015
Prussian carp (Carassius gibelio),
Lpper sectio':r)1,(JuIy 2 2315 b 303 234 305 6025 015 129 423
Perch (Perca fluviatilis), upper
Sectior(]l aly }zcz, o1 ), upp 493 404 305 8054 012 152  3.62
l’ﬁ:ig"zrgltgen:‘é’ /F;er;femo”' <001 <0005 <001 011 - - <005
Dnipro-Donbas hydraulic canal, summer 2018
Water, mg/dm? - 0.194 0.107 0.057 0.0012 0.004 -
Sholokhivske reservoir, October 30, 2023
Prussian carp Carassius gibelio — 46.5 1.92 — — 0.027 —

Note. Values exceeding the allowed concentrations are given in bold.
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41.24-68.43 mg/kg, cadmium — 0.32 mg/
kg, lead 1.50— 4.90 mg/kg (for the pond
of PrJSC “AgroSoyuz”). The bottom sedi-
ments of the fattening pond of PrJSC “Pet-
rykivsky Rybhosp” were had high levels
of HM content: manganese - 29.73 mg/
kg, cadmium - 0.54 mg/kg, lead 5.72 mg/
kg. For the water of these ponds, which is
used for fishing purposes, an excess of the
content of some heavy metals was record-
ed - primarily Mn, Zn, Cd, and also Cu for
the pond of PrJSC “AgroSoyuz”. Exceed-
ing the normative content of HM for pond
water of PE “Agrofirma “Nakhodka” was
not noted.

The accumulation of heavy metals in
bottom sediments is usually caused by low
solubility in water, the tendency of metals
to adsorb on solid phases and enter into
complexation reactions. Mud particles
of bottom sediments, humic substances,
hydroxides of polyvalent metals (such as
Mn), due to the presence of surface electric
charge, can attract ions and dipole mole-
cules. It has been proven that such reac-
tions primarily depend on the oxidizing
potential, pH of the medium, the content of
organic substances, and other factors [26,
27]. It is known that the main part of pol-
lutants in ecosystems migrates from water
to bottom sediments. Therefore, high lev-
els of pollutants are observed in the soil,
while their concentration in water may not
be elevated.

Our studies of 2016 showed that the
content of some heavy metals (Cu, Fe) in
the water of the upper part of the Dnipro
Reservoir did not meet the fishery regula-
tions, which is also confirmed by the later
works of other researchers of the Dnipro
Reservoir in 2019, 2023 [23, 25]. Exceed-
ing the content of HM in water concerned
Mn, Zn, Cu and Fe.

In contrast to the Dnipro Reservoir
and the ponds of two fish farms in the

Mr/kT, kKaamiro — 0,32 MI/KT, TUTIOMOY-
My — 1,50-4,90 mr/kr (s craBy IIpAT
«ArpoCoro3»). BucokuMu mmokazHUKaMH
BMicTy BM Bifg3HadeHi JOHHI BiJKIagu
HarynsHOTO cTtaBy [IpAT «IleTpuKkiBChKHiA
pubrocm»: MaHrany — 29,73 Mr/kr, kau-
Mito — 0,54 Mr/kr, umoMoymy — 5,72 mr/
Kr. J[ns Bomu 1uXx cTaBiB, sSka BUKOPUCTO-
BY€EThCS JUIsI PUOOTOCIIONAPCHKHUX IIUJICH,
¢ikcyBamocs IMEpeBUILCHHS BMICTy Jes-
KHX BOXKHX METaJiB — Iepil 3a Bce, Mn,
Zn, Cd, a qns crasy IIpAT «ArpoCoro3»
— mre # Cu. He Bii3HaYeHO MepeBHUIIICHHS
HOpMaTUBHOTO BMicTy BM mis Bomu cTaBy
[IT «Arpodipma “Haxomka”».

AKyMyJISIlisl BOKKAX METAJIB Y IOHHUX
BiJIKJIa/1aX, 3a3BHYAi, 3yMOBJICHA HU3bKOIO
PO3YMHHICTIO y BOJIi, TEHJCHIII€I0 METAIIIB
azicopOyBaTHCs Ha TBEpIUX (a3ax Ta BCTY-
MaTH y peakilii KOMIUICKCOyTBOpeHHs. My-
JIOB1 YACTUHKY JOHHUX BIIKJIAIB, TYMIHO-
Bi PEUOBHMHH, TiAPOKCUAM TOJIBaJCHTHUX
MeTaliB (Takux sk Mn), BHACIIIOK HasB-
HOCTI MOBEPXHEBOTO E€IEKTPUYHOTO 3apsi-
Iy, MOXYTb TIPUTATYBATH 10HH Ta JHITOJb-
Hi Mosekynu. [loBeaeHo, Mo Taki peakiii
HacamIiepell 3ajekarh BiJl OKHCHIOBaJIb-
HOTO TIoTeHmiany, pH cepenoBuina, BMicTy
OpTraHiYHUX PEYOBHH Ta IHIIMX YHHHUKIB
[26, 27]. Bimomo, 10 OCHOBHa YacCTH-
Ha TIOJIOTAHTIB B €KOCHCTEMax MIrpye 3
BOJIM JI0 JOHHUX BigkianiB. Came ToMy B
IPYHTaX CIOCTEPIraloThCsl BUCOKI PiBHI 3a-
OpYIHIOBaJIbHX PEYOBHH, B TOH Yac, KOJIU
iX KOHIICHTpAIli Y BOIHOMY CEpPEIOBHIII
Moxe OyTH He MiJBUIIEHOO.

Hamri mocmimkenns 2016 p. mokasain,
o BMICT Jeskux Baxkux MeraniB (Cu,
Fe) y Boxi BepxHbOI ninstHKM JIHITIpOB-
CHKOT'O BOJIOCXOBHIIIA HE BiJNOBiaB pruoo-
rOCIOJapChKUM HOPMAaTHBaM, IO TaKOX
MiATBEPAXKY€EThCS OB Mi3HIMU po0O-
TaMH 1HIOUX JOCITiTHUKIB JIHIIPOBCHKOTO
BomocxoBumia y 2019, 2023 pp. [23, 25].
[TepeBumenns Bmicty BM y Bozii ctocyBa-
smocst Mn, Zn, Cu ta Fe.

Ha Bigminy Bix JIHIIPOBCHKOTO BOAO-
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Dnipropetrovsk region, the water in the
Dnipro-Donbas hydrotechnical canal was
characterized by high levels of heavy met-
als (see Table 1). It should be noted that
the water quality was investigated in the
sections of the canal directly adjacent to
the Main Water Intake Facility (MWIF).
It is through it that the water masses of
the Kamianske reservoir enter the canal.
Of the 6 investigated heavy metals, the
maximum allowable concentration was
not exceeded only for lead (0.40 mg/dm?).
The increased content of pollutants in the
channel was registered only during a long
period of “non-pumping” of water [28].
Improvement of water quality characteris-
tics in the “Dnipro-Donbas” canal and re-
duction of the HM contents in water occurs
after the pumping of water masses along
the canal route.

Our studies also considered the accu-
mulation of heavy metals in the muscles of
fish in water bodies of various purposes.
To compare the obtained results, we used
the previous materials of our studies on
the content of VM in the muscles of the
common carp C. carpio from the fattening
pond of PrJSC “Petrykivskyi Rybhosp”
(2015) and the materials of T. S. Sharamok
and O. V. Fedonenko [24], who conduct-
ed similar studies in 2011 to determine
the HM content in juvenile (young-of-the-
year) common carp C. carpio and silver
carp Hypopthalmichtys molitrix grown in
polyculture.

It should be noted that the content of
heavy metals in the muscles of C. carpio
(juveniles and table fish) in different ponds
of PrJSC “Petrykivskiy Rybhosp” (breed-
ing and feeding) during the three years of
the study (2011, 2015, 2016) corresponded
to fishery standards.

In the Sholokhivske Reservoir (com-
plex purpose), 6 individuals of age-4+
Prussian carp C. gibelio were studied. The

CXOBHWIIIA Ta CTaBiB JBOX pubrocmiB [IHi-
MPONETPOBCHKOT 00NAcTi, Boja y Tiapo-
TexHiYHOMY KaHami Jlainpo — JloHGac
XapaKTepu3yBaiacs IiJBUIICHUMH TTOKa3-
HUKaMHU KOHIICHTpAIlii Ba)XKUX METaJIiB
(muB. Tabn. 1). HeoOxigHo 3a3Ha4MTH, 110
JOCITIJDKYBAIIA SIKICTh BOIW Ha JUITHKAX
KaHaly, 10 O0e3MmoceperHb0 MEXYIOTh
3 TonoBHOIO BOM03a0ipHOIO CIHOPYIOIO
('BC). Came uepe3 Hel 10 Tpacu KaHaly
MOTPAIUISIOTh BOAHI MacH Kam’SHCBKOTO
BOJIOCXOBHUIIA. I3 6 HOCTIIKEHUX BaXKKUX
MeTaniB He mepeumeHa [JIK nume mis
wioMbymy (0,40 mr/nm?®). TTigBuiineHuit
BMICT TIOJIFOTAHTIB B KaHAJl PEECTPyBaBCS
TIJIBKK T Yac TPUBAJIOTO TMEPioay «He-
npokadyBaHHs» Bomu [28]. Tloxpamenus
XapaKTepUCTHK SIKOCTi BOAX y KaHam [IHi-
npo — JlonOac i 3MeHIIeHHsT BMicTy BM
y BOAl BiOyBasocs Micis MPOKauyBaHHs
BOJHHX Mac TPacolo KaHaly.

VY Hamux IOCTIIKEHHIX TaKOK PO3-
D0 HAKONMYCHHS BKKUX METANiB B
M’si3ax puO y BojoiiMax pi3HOro IpU3Ha-
4qeHHS. [ MOpIBHSHHSA OTpPUMaHHX pe-
3y/bTaTiB BUKOPUCTAIN ONEPeiHi MaTepi-
QJIM HAIIAX JTOCIIPKEHB 11010 BMicTy BM
y M’sa3ax kopona C. carpio i3 HaryJIbHOTO
craBy [IpAT «IleTpukiBchbKui pHOTOCI»
(2015 p.) Ta marepianu lapamok T. C. i
®denonenko O. B. [24], sxiy 2011 p. mpo-
BOJIMJIA QHAJIOTIYHI TOCIiPKEHHS 3 BU3HA-
4yeHHs BMicTy BM y Monozi (I1bOropidok)
kopona C. carpio Ta G110r0 TOBCTOJIOOMKA
Hypopthalmichtys molitrix, BApONIeHUX Y
HOJIKYJIBTYPI.

BigzHaunMo, 110 BMICT Ba)KKMX MeETa-
niB y m’s3ax C. carpio (Monoai Kopona
1 ToBapHOT puOM) y pizHUX cTaBax [IpAT
«IleTpukiBChKUii pHOroCI» (BUPOIIYBaIb-
HOMY Ta HaryJabHOMY) BIPOIOBK TPHOX
pokiB nocmimkens (2011, 2015, 2016 pp.)
BIJITIOBIJIaB pHUOOTOCTIONAPCHKUM HOpMa-
THUBaM.

Y 1lonoxiBcbkOMY  BOIOCXOBHIII
(KOMILJIEKCHOTO ~ MPHU3HA4YeHHs)  JOCIHi-
JDKeHO 6 ocoOmH Kapacs cpibmsctoro C.
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zinc content in the muscles of the Prussian
carp was 46.50 mg/kg, which slightly ex-
ceeds the maximum allowable concentra-
tion. No exceeding of Cu and Pb contents
were noted.

For fish of the Dnipro reservoir, the
content of most heavy metals was elevat-
ed. In the muscles of the pelagic species
- roach R. rutilus, only the content of cop-
per was within the normal range (1.56 mg/
kg), all other 6 heavy metals exceeded the
maximum allowable HM concentrations.
In the muscles of the Prussain carp C. gi-
belio, elevated levels of Mn, Fe, Pb, and
Ni accumulation were noted, while for Zn,
Cu, and Cd, their content was within the
normal range.

In the muscles of the perch P. fluviatilis
of the Dnipro Reservoir, the highest con-
tent of HM was noted for Fe (80.54 mg/
kg), increased values for Mn, Zn, Pb, Ni.

The obtained results allow stating that
the hydroecosystem of the Dnipro Reser-
voir at the current stage, unlike other water
bodies in the region, is significantly pollut-
ed by heavy metals. Usually, the main pol-
luters of the reservoir ecosystem for many
years are enterprises of the metallurgical
complex and heavy engineering. In this
region there are iron ore deposits, mining
and processing plants, the production of
which, emissions of wastewater and mine
water affect the content of HM in water,
bottom sediments and fish. This especially
applies to the content of iron ions in the
studied objects: a significant amount of Fe
in the body of the studied fish species indi-
cates chronic contamination of the Dnipro
reservoir with toxic substances of various
origins (both organic and inorganic). This
was adequately reflected in the levels of
HM accumulation in the body of fish of
different ecological groups - pelagic fish,
benthic fish and predators.

The obtained results indicate significant

gibelio BikoM 4+ (I’ sSTHIITKH). Y M’s3ax
Kapacs cpiOisicToro BMICT IIMHKY CTaHO-
BUB 46,50 MI/KT, 1[0 HE3HAYHO TIEPEBUIILYE
I'IK. IlepeBuieHHs IOKAa3HUKIB BMICTy
Cu ta Pb He BinMmiyeHO.

Jlist pu6 JIHITPOBCHKOTO BOJOCXOBHINA
KOHIICHTpAITisl OUTBIIOCTI BAXKKHX METAJIIB
OyJ1a MiJBUILEHOK. Y M’s3aX MeNlariyHoro
BHUJY — TUTITKU R. rutilus — TiJBKA BMICT
KynpyMy nepebyBaB y Mexxax HopmH (1,56
MT/KT); BCl 1HII 6 BaXXKHX METAJIB mepe-
puntyBaiu ['JIK momo smicty BM. ¥V m’s-
3ax OeHTO(ara — kapacs cpiomsacroro C.
gibelio — miABUIIEH] PiBHI HAKOIMMYECHHS
BM Bigsnagamucst gt Mn, Fe, Pb, Ni, a
st Zn, Cu, Cd noka3HuKH iX BMICTY 3Ha-
XOIWJIHCS Y MEKaX HOPMATHBY.

VY M’s13ax oKyHs piuxoBoro P. fluviatilis
JIHINPOBCHKOTO BOJOCXOBHIIIA HAHO1Tb-
m1a KoHUeHTpaunis BM Bin3nauena jnsa Fe
(80,54 Mr/kr), MiABHINCHI MOKA3HUKA —
s Mn, Zn, Pb, Ni.

OTpuMaHi pe3yabTaTd HAIOTh 3MOTY
CTBEPJKYBATH, 10 Tigpoekocuctema JHi-
MIPOBCHKOTO BOJOCXOBHINA HA CyJaCHOMY
eTarli, Ha BiIMiHY BiJ] IHITUX BOJHHUX 00’ €K-
TiB PETiOHY, € 3HAYHO 3a0pYIHEHOIO BaXK-
KUMH MeTaJaMH. 3a3BHYail, OCHOBHHUMHU
3a0pyIHIKAMHU €KOCHUCTEMH BOIOCXOBHIIA
IIPOTATOM 0araTboX POKiB € MiAMPUEMCTBA
METaIypriifHOT0 KOMIUIEKCY Ta BasKKOTO
MalnHOOyIyBaHHS. Y I[bOMY PETiOHi 3Ha-
XOJIIATBHCS 3aJ1I30PY/IHI POJOBHINA, TipHH-
40-BUJ00YBHI Ta IepepoOHi KomOiHaTH,
BUPOOHMIITBO SKMX, BUKHIU CTIYHHX Ta
IIAXTHUX BOJ| BIIMBAIOTh Ha BMicT BM y
BO/li, TOHHUX BIJIKJIaJiaX Ta OpTraHi3Mi puo.
Oco0NIMBO 1€ CTOCYETHCS BMICTY 10HIB 3a-
J13a B IOCHigHUX 00’€KTax: 3HayHa Kijlb-
kicTb Fe y opranismi JOCTiIPKEHUX BHUIIB
pHuO CBITYUTH PO XPOHIYHE 3a0pyIHEHHS
JIHIMPOBCHKOTO BOJOCXOBHUINA TOKCHYHU-
MH PEIOBHHAMH Pi3HOTO ITOXOKEHHS (K
OpraHiuHUMH, Tak i HeopraHidHummu). Lle
aJICcKBaTHO BiOOPa3HMIIOCS Ha PIBHAX Ha-
xormueHHs BM B opranizmi pub pi3HHX
EKOJIOTIYHUX TPyl — IMeJariYHuX pHo,
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heavy metal contamination of silt deposits
and water of some fishery reservoirs in the
region (ponds of the PrJSC “AgroSoyuz”,
PrJSC “Petrykivskiy Rybhosp™). The zinc
and copper contents in the water of the
Dnipro-Donbas hydrotechnical canal in-
creases significantly if water is not pumped
through the canal route for a long time.

Therefore, the heavy metal contents in
the body of fish inhabiting water bodies of
various purposes and are subject to com-
mercial narvest must be subject to constant
monitoring.

CONCLUSIONS AND
PROSPECTS FOR FURTHER
DEVELOPMENT

The study determined the heavy metal
contents in the ecosystems of water bodies
of various purposes - fishing ponds (PrJSC
“AgroSoyuz”, PrJSC “Petrykivsky Ryb-
hosp”), multi-purpose reservoirs (Dnipro,
Sholokhivske), hydrotechnical water bod-
ies (Dnipro-Donbas canal).

The heavy metal contents in bottom
sediments of ponds was significantly high-
er than in water or fish bodies: manganese
in the range of 41.24-68.43 mg/kg, cadmi-
um — 0.32 mg/kg, lead 1.50-4.90 mg /kg
(for the pond of PrJSC “AgroSoyuz”), as
well as manganese - 29.73 mg/kg, cadmi-
um - 0.54 mg/kg, lead 5.72 mg/kg (PrJSC
“Petrykivskiy Fish Farm”). For the water
of these ponds, which is used for fishing
purposes, an excess of the content of some
heavy metals was recorded - primarily Mn,
Zn, Cd, and also Cu for the pond of PrJSC
“AgroSoyuz”. No exceeding the norma-
tive content of HM for pond water of PE
“Agrofirma “Nakhodka” was noted.

Deterioration of the quality of aquatic
environment and a high HM content in wa-
ter was noted for the Dnipro-Donbas hy-

MIPHIOHHUX OCHTO(ATIB Ta XMKAKIB.

OtpumaHi pe3ynbTaTH CBig4aTh IPO
3HAYHE 3a0pYTHEHHS BaKKIMH METaJIaMU
MYJIOBUX BiIKJIaJIEHb Ta BOJAU JEAKUX PH-
00roCoIapChKUX BOJIOWM PETiOHY (CTaBU
IIpAT «ArpoCoro3», IIpAT «Ilerpuxis-
ChKHH pUOroc»). 3HAYHO 3pOCTAE BMICT
LUHKY Ta KYIPyMY Y BOAI FAPOTEXHIYHO-
ro kanainy Jlainpo — JloHOac, Ko TpH-
BaJIMI Yac He 3JiMCHIOETHCS TPOKayyBaH-
HS BOIU TPACOIO KaHAITY.

OTxe, BMICT BaKKUX METaJliB B Opra-
HIi3MI pHO, K1 HACEJSIOTh BOJOWMU Pi3HO-
TO TMPHU3HAYEHHS 1 MiJJIAraroTh IPOMHUCIIO-
BOMY BHJIYYCHHIO, MOTpeOy€e MOCTIHHOTO
MOHITOPUHTY.

BUCHOBKHM TA NEPCIEKTHBH
HOJAJIBIIOIO PO3BUTKY

VY pesynbTari IOCIHiPKEHb BU3HAYCHO
BMICT Ba)XKHX METaJiB B CKOCHCTEMax
BOJIOWM PI3HOTO TMpHU3HAYCHHI — pPHOO-
rocniogapcekux ctaBiB (IIpAT «ArpoCo-
103», [IpAT «lleTpukiBchbkuid puOTOCID»),
BOJIOMM  KOMIUIEKCHOTO  NPU3HAYEHHS
(duinposcrkoro, IllomoxiBchkoro BOIO-
CXOBHII), TIIPOTEXHIYHOT BOIOHMU (KaHAI
Juinpo — Jlonbac).

Y JOHHHMX BiJKJIaJaX CTaBiB BMICT
BaXKUX MeETalliB OyB 3HAYHO BHIUM, HIXK
y BOJAlI YM OpraHi3mi pu0: MaHrany — B
Mexax 41,24-68,43 mr/kr, kagmiro — 0,32
mr/kr, TwiromMoymy — 1,50-4,90 wmr/kr
(mst craBy I[IpAT «ArpoCoro3y), a Takok
MaHrany — 29,73 mr/kr, kaamiro — 0,54
Mr/kr, wiroMOymy — 5,72 mr/kr (IIpAT
«IlerpukiBchkuii pubrocm»). Hns Boau
[UX CTaBiB, SIKAa BUKOPHCTOBYETHCS IS
puborocnonapcbkux winel, ¢ikcysanaocs
MIEPEBUIIICHHS BMICTY JISSKAX BOKKHX Me-
TaniB — mepuI 3a Bce, Mn, Zn, Cd, a mis
craBy [IpAT «ArpoCoro3» — me i Cu. He
BiJI3HAUYE€HO NEPEBUIIEHHS HOPMAaTUBHOTO
BMicty BM st Bomu craBy [T «Arpo-
¢ipma “Haxomka™y.

[MoripmieHHsT SKOCTI BOJHOTO Cepeo-
BHIIA i BUCOKHUI BMicT BM y Boji Bij3Ha-
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drotechnical canal (before pumping water
along the canal route).

Different heavy metal contents were
noted in all the studied fishes (roach R. ruti-
lus, Prussian carp C. gibelio, perch P. fluvi-
atilis, common carp C. carpio). The lowest
rate of HM accumulation was noted in the
muscles of the Prussain carp C. gibelio of
the Sholokhivske Reservoir. The highest
levels of accumulation of heavy metals are
characteristic of fish of the Dnipro Reser-
voir. The content of 6 heavy metals (Mn,
Zn, Fe, Pb, Ni, Cd) out of the seven studied
was exceeded in roach R. rutilus.

The obtained results have theoretical
and practical importance for the prepara-
tion of scientific and biological justifica-
tions for the fishery use of water bodies for
various purposes in the region. To guaran-
tee food safety and quality of raw materials
and edible fish products, it is necessary to
constantly monitor the content of heavy
metals in aquatic organisms.
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YaBcsl JUIA TiIPOTEXHIYHOrO KaHary JIHi-
mpo — Jonbac (10 mpokayyBaHHS BOAH
TPacoI0 KaHay).

VY Bcix gocmipkeHUX pubax (ImiTka
R. rutilus, xapacek cpiomsctuii C. gibelio,
OKYHb piuxoBuii P. fluviatilis, kopom 3BH-
vyaitani C. carpio) BiI3HAYAIHUCS Pi3HI
MOKa3HUKHU BMICTY Ba)XKHx MmertaiiB. Haii-
MEHIINNA NOKa3HUK HakonmuyeHHs BM Bin-
3HaYeHUH y M’si3aX Kapacs cpiOiscToro
C. gibelio 1110710XiBCHKOTO BOJOCXOBHIIIA.
Haii6inbmmi piBHI HAKONMUYEHHS BaXKKUX
METaJIiB IpUTaMaHHi pudaM JHIMpOBCHKO-
rO BOJOCXOBHINA. Y MIITKU R. rutilus me-
PEBUINIEHUI BMICT 6 BaXKKUX MeTaiB (Mn,
Zn, Fe, Pb, Ni, Cd) i3 ceMu q0oCIi[»KSHHX.

OTpuMaHi pe3yiIbTaTd MaloTh Teope-
TUYHE | MPAaKTUYHE 3HAYCHHS JUIS MiJro-
TOBKH HAayKOBO-OIOJIOTIYHHX OOTPYHTY-
BaHb PHOOTOCIONAPCHKOTO BUKOPUCTAHHS
BOJIOWM PI3HOTO MPHU3HAYCHHS PETIOHY.
JUis rapaHTyBaHHS IPOAOBONBUOI Oe3me-
KH 1 SIKOCTI CHPOBHHH Ta XapyoBOi prUOHOT
MPOAYKIii MOTPiOHO NMPOBOIAUTH MOCTiH-
HUH MOHITOPHHT BMICTY Ba)KKHX METaJIiB
B Tipo0ioHTaX.
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