Co-funded by
the European Union

«BILTHB Ba)KKHUX MeTAJIB Y JOHHMX BiKJIa1axX
By3bKO0I0 JIJUMaHy Ha riAPO0IOHTI

«THE INFLUENCE OF HEAVY METALS OF THE BUZKY
ESTUARY BOTTOM SEDIMENTS ON SOME
HYDROBOINTS’ SPEACIES»

Viktor SMYRNOV, Ph.D., Associate Professor of the
Ecology Department, Petro Mohyla Black Sea National University,

NGO “Open Environmental University”, Ukraine.



HaykoBusiMu  OyJIo0  NPOBEAEHO  KOMILUICKCHE A
OOCTEXEHHSI €KOCHCTEMHU by3bkoro nmmany. BimOip 3paskiB
OPOBOAMBCS  HABIOPOTH  IPOMUCIOBUX  AUISHOK  MiCTa
MukosnaeBa Ta HAaCEJICHUX MYHKTIB B3JOBXK JIIBOTO 1 MPaBOro
OeperiB numany. 3arajgom Oymno BimiOpano 127 3pa3skis, o
30KpeMa i

. . ) s oY

35 3pa3KiB JOHHUX BIIKJIA/ICHB, o e

42 3pa3ku riipoOIOHTIB,; pbege ; D |

35 3pa3KiB NMPUIOHHOI BOJHU Ta BiABECY; \

15 3pa3kiB NOBEPXHEBUX BOJI. ol 0

Scientists conducted a comprehensive survey of the e \J
ecosystem of Buzky Estuary. Sampling was carried out opposite
industrial areas of the Mykolaiv city and settlements along the ,n
left and right banks of the estuary. In total, 127 samples were —
collected, including: Yo

35 samples of bottom sediments;

42 samples of hydrobionts;

35 samples of bottom water and suspended matter;

15 samples of surface water.




Oninka HeOE3NEeKU JOHHUX BIIKIAJAEHb MPOBOJIMIIACH 3 BUKOPUCTAHHSIM PSy HOPMOBAHUX €KOJIOTO-TE€OXIMIYHUX Ta
CaHITAPHO-TIT1€EHIYHUX TOKA3HUKIB:

KoediiieHT KoHLIEHTpAaIlli;

KoedirieHT HEOE3IEKH,

CyMapHuil NOKa3HUK 3a0pYyAHECHHS;
KoebimieHT JOHHOT aKKyMYJISIIii;
['iapoxiMIYHUH 1HAEKC 3a0pYAHEHHS BOJIM,
[Toka3HUK XIMIYHOTO 3a0pyIHECHHS;
KoediieHT HaKoNMUYEeHHS Y T1Ipo0i1oHTaX.

The assessment of the bottom danger of sediments was carried out using a series of standardized eco-geochemical and
sanitary-hygienic indicators:

Concentration coefficient;

Danger coefficient;

Total pollution index;

Bottom accumulation coefficient;
Hydrochemical water pollution index;
Chemical pollution index;

Accumulation coefficient in hydrobionts.



JIoHH1  BIOKJaA€HHS  bByrchkoro JiMMaHy MpeJICTaBJICHI
3€JICHYBAaTO-CIpUMHU UIaMU. XIMIYHUW CKJIaJl BaplIOETHCS Yy MIMPOKOMY
mlama3oHi.  BusBneHa — perpeciiiHa  3aJ€XKHICTh  CIHIBBIIHOIICHHS
MIHEpPAJbHUX 1 OpPraHiyHUX PEYOBMH 3 NIMOWMHOIO BOAOWMHUINA: 31
30UIBIICHHSIM DJIMOMHM CHOCTEPITa€ThbCAd TEHJCHIISA 10 30UIbIICHHS
KUJIBKOCTI OpraHIYHUX PEUOBHMH Yy CKJIadl HOHHUX BinknaaeHb (Copr) Ta
3MeHIIeHHs MiHepaabHuXx (Si0z).

The bottom sediments of Buzky Estuary are represented by
greenish-gray clays. The chemical composition varies widely. A
regression dependence of the ratio of mineral and organic substances
on the depth of the reservoir has been revealed: with increasing depth,
there is a tendency for an increase in the amount of organic substances
in the composition of bottom sediments (Cors) and a decrease in
mineral ones (SiOz).
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OTpuMaHi1 J1aH1 T03BOJISIFOTh 3pOOUTH TaKUl BUCHOBOK:

3a reoXIMIYHUMHU KPUTEPISIMU B JJOHHUX BIJIKJIaJaX akBatopii by3bkoro quMaHy BUIIECHA
TEXHOT'€HHA acoriais Baxxkux meraiis: Cu (10,6), Pb (10,1), Mn (5,3), Zn (4,8), Ni (3,4).

3a caHITapHO-TIT€EHIYHUMU KPUTEPISIMU, HeOe3neKa 3a0pyTHEHHSI 3MEHIIIYETHCSI B TAKOMY

mopsaxy: Cu (4,82), Ni (2,73), Zn (2,11), Mn (1,77), Pb (1,19), Cr (0,79).

The obtained data allow to make the following conclusion:

According to geochemical criteria, a technogenic association of heavy metals has been
Identified in the bottom sediments of Buzky Estuary: Cu (10.6), Pb (10.1), Mn (5.3), Zn (4.8), Ni (3.4).

According to sanitary-hygienic criteria, the danger of pollution decreases in the following order:
Cu (4.82), Ni (2.73), Zn (2.11), Mn (1.77), Pb (1.19), Cr (0.79).



BMICT BaXXKMX METaIIB y JIOHHHUX BlAKJIagax

BYSBKOFO JIUMAaHY TaKOX KOJIMBA€THCA B IMHPOKHUX
MCKax.

3arajpbHa TEHJICHIIS BIJA3HAYAETHCS. MpPHU

3HUKECHH1 3arajbHOI KOHIIEHTpAaIlli KUIbKICTh PYXOMHUX
dbopM 30uIbIIyeETHCA. Ile ToOB'I3aHO 3 THUM, IO
noyarkoBa (opMa HAAXOMKEHHSI TSHKKMX METAIIB 3
TEXHOT€HHUX JIPKEPEJI - OKCUJIM 1 HAMMBOKCHU/IH, CIA0KO
TApoITI3yI0ThCs Tpy pH moBepXHEBUX BO/I.

The content of heavy metals in the bottom
sediments of Buzky Estuary also varies widely.

A general trend is noted: as the total
concentration decreases, the quantity of mobile forms
Increases. This is likely associated with the initial form
of heavy metal input from anthropogenic sources -

oxides and semi-oxides, which hydrolyze weakly at the
pH of surface waters.

; (MK CMpoBaHHaA
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Puc. ®opMu HaXoXKEHHS BAXKKUX METaIlB B IOHHUX
BIAKJIagax

Forms of heavy metals occurrence in bottom
sediments




BuzHaueHo MmirpailiiHy 37aTHICTb BOXKKHUX METAJIB Y
JOHHUX BIJKJIaaax By3pkoro JnmaHy 3a yMOBax KPUTUYHOIO
TEXHOTC€HHOTO HaBaHTaxeHHs. BoHa 3poctae y Takomy
nopsnky. Pb<Fe<Cr<Ni<Cu < Zn < Mn. BucokomoekyspHi
OpraHi4yHi PEYOBUHU MPHUPOJHOIO TOXOJKEHHS BiAIIPaIOTh
MPOBIIHY poib y (iKcallii MiJii Ta HIKEIIO y JOHHUX BiJKJIaIax
by3bkoro numany, Ouibin HiK Ha 90% mnoB's3aHUX y TyMiHOBI
KoMILTekcH, MeHmow Miporo Cr (30%). MirpamiiiHa 31aTHICTh
IMHKY, 3ajl13a 1 MapraHiil BHU3HAYAE€TbCA HEOPTaHIYHUMU
dhopmamu.

The migration capacity of heavy metals in the bottom
sediments of the Buzky Estuary under conditions of critical
anthropogenic loading has been determined. It increases in the
following order: Pb < Fe < Cr < Ni < Cu < Zn < Mn. High-
molecular-weight organic substances of natural origin play a
leading role in the fixation of copper and nickel in the bottom
sediments of the Buh Estuary, with more than 90% bound in
humatic complexes, and to a lesser extent Cr (30%). The
migration capacity of zinc, iron, and manganese is determined
by inorganic forms.
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Puc. MirpariiiHa 31aTHICTh BaKKUX METaJIB Y JIOHHUX
BijIKJIIa/1ax by3bkoro numany

The migration ability of heavy metals in the Buh
Estuary bottom sediments




OO6ctexxeHHst By3bkoro ammaHy IMOKas3ano, IO BOJHA
POCHMHHICTh AoCUTh OinHa. Ha 3paskoBiii TepuTopii aOCONIOTHO

NepEeBaKalOTh ~ NPUKPIIUICHI  BOAHI  BUIW,  Cepel  SKHUX
HAUTIOIIMPEHUN - PAECCHUK MPOHNU3AHOIUCTHUH.

[HTEHCHBHICTh  BKJIIOYEHHS  BaXXKUX  METaliB Y
OloreoxiMiuHi  HMKJIA  MIrpamii  BOJHMMH  pPOCIMHAMH B

Oloreoximiunmit 1k wmirpamii  (KH) BOIHOIO POCIMHHICTIO
3MeHIyeTbess  y nopsaaky Fe>Mn>Cu>Ni>Zn>Cr. HaiiGinbir
IHTEHCHMBHO POCJIMHU BKJIFOUAIOTh y Mirpariiitai k. Mn, Cu, Ni,
MeHIo Miporo - Zn, Pb, Cr. 3 mporo BUILIMBae, MO PACCHUK
MPOHU3AHOIUCTUM - MAaKpPOKOHIICHTPATOp CTOCOBHO MapraHifo i

ACKOHLICHTPATOP CTOCOBHO XPOMY.

The survey of Buzky Estuary revealed that the aquatic
vegetation is rather poor. Attached aquatic species completely
dominate the sampled area, among which the most common is the
water milfoil.

The intensity of heavy metal inclusion in the
biogeochemical migration cycles by aquatic plants into the
biogeochemical migration cycle (Kn.) of aquatic vegetation
decreases in the order of Fe>Mn>Cu>Ni>Zn>Cr. Plants most
intensively involve in migration cycles: Mn, Cu, Ni, to a lesser
extent - Zn, Pb, Cr. So, the water milfoil is a macroconcentrator for
manganese and a deconcentrator for chromium.
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Puc. Psaau po3noauty koediieHTa HaKOMUYEeHHS
BaKKUX METAJIIB POCIMHHICTIO 3 MPUJIOHHUX 1IAPIB
BOJIH.

Distribution rows of heavy metal accumulation
coefficient by vegetation from bottom water layers.




Pubu ponuHu OMYKOBUX 00paHi K 1HAUKATOPHHUI B Y€PE3 IIMPOKE MOIMIMPEHHS B aKBaTopii by3bKoro Jumany
Ta TIOPIBHSHO MaJjioro oOpeody Mirpaiii. 3a BMICTOM BaXXKMX MeETaliB y pubi MOXKHA CKJIACTH  PSI;
Fe>Mn>Zn>Cu>Pb>Cr>Ni. IHTeHCUBHICTh BKIIFOUCHHS METaJiB y TPOMIYHUN JAHITIOT 3a KOSDIMIEHTOM HAKOIIMYCHHS
3MeHIIy€eTbesl y TakoMy mnopsaky: Fe>Cu=Mn>Pb>Zn>Ni>Cr. 3a0pyaHeHHs puO 3 IO3HIII €KOJOIriYyHOi Oe3mneKu
BU3HAYAEThCS crioflykamu cBUHITO 110 25 I'JIK ta xpomy 10 90 I'/IK. 3a numu mokazHMKaMuy aKkBaTopis JIMMaHy MPAKTHUYHO
MOBHICTIO BIJIHOCUTHCS JO KaTeropii HaJ3BHYaliHO HEOE3MeYHOro piBHSA 3a0pydHEHHS, IO BH3HAYa€ PO3BUTOK
KaracTpo(i4HOI €KOJIOTIYHOI CUTyallli. 3a iHTerpajJbHUMU MOKAa3HUKAMM 3a0pyIHEHHS TiApOOIOHTIB aKBaTOpis JIMMaHY
MO)Xe OyTH BiJTHECEHA 10 30HU €KOJIOTTYHO1 KaracTpodu.

Fish of the Goby family have been selected as indicator species due to their widespread distribution in the
waters of Buzky Estuary and relatively small migration range. The order of heavy metal content in fish is as follows:
Fe>Mn>Zn>Cu>Pb>Cr>Ni. The intensity of metal inclusion in the food chain decreases in the following order:
Fe>Cu>=Mn>Pb>Zn>Ni>Cr. Pollution of fish from an environmental security perspective is determined by lead
compounds up to 25 MPC and chromium up to 90 MPC. According to these indicators, the waters of the Estuary almost
entirely belong to the category of extremely hazardous pollution levels, defining the development of a catastrophic
environmental situation. Based on the integrated indicators of pollution of aquatic organisms, the estuarine waters may be
classified as an ecological disaster zone.



Y muiomMy €KOJOTIYHHMM PHU3WK 3a0pyIHEHHS
KOMITOHEHTIB €KOCHUCTEMH By3bKOro JMMaHy THUMYacCOBO
3pOCTAa€  BIJI  HAOPYKEHOro JI0O  KaracTpo(iuHOro
€KOJIOTIYHOIO CTaHy B psJl: JOHHI  BIJAKJIAJCHHS,
MIOBEPXHEB1 BOAH, T1JIPOOIOHTH.

Thus, the ecological risk of pollution of the
components of the ecosystem of Buzky Estuary
temporarily increases from moderate to catastrophic
ecological state in a number of areas: bottom sediments,
surface waters, hydrobionts.
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BucHosku/Conclusions

VYHacHIJOK TEXHOT€HHOI MJISJIBHOCTI B3IOBXK y30€pexiksi by3pkoro JmMMaHy B 30HAaX BIUIMBY
OPOMUCIIOBUX TMIANPUEMCTB C(HOPMYBAIUCS MICHEBI aHOMAalli 3a0pyIHEHHsS JOHHUX BIJIKIAJIB BAKKUMHU
Metanamu. [lepeBaxkHy poib y opMyBaHHI TEXHOT€HHUX aHOMAJI 3a0pyAHEHHS BiIrpae cyaHOOYIBHUIITBO. 3a
reoximiuauMu kputepismu (Kc) BuaiieHa TexHOreHHa acomiamis Bakkux metaniB: mimi (10,6), ceuniro (10,1),
mapraamio (5,3), munky (4,8), mikemo (3,4). 3a canitapHo-ririeHiunnMu Kputepismu (ITJIK) HeOe3meka
3a0pyQHCHHS 3MCHIIYEThCS y TakoMmy nopsaky: minas (4,82), nikens (2,73), uunk (2,11), mapraneus (1,77),
ceuHens (1,19), xpom (0,79). 3a kpurepisiMu €KOJIOTIUHOI OC3MEeKH 3a0pyIHCHHS JOHHUX BIAKIaJACHBb OUIBIIOT
4aCcTUHU By3bKOro JIMMaHy BIAHOCHUTHLCS 10 MOMIPHO HEOE3MEYHO1 Kareropii (Hanpy>keHa €KoJIOTIYHa CUTYallis ).

As a result of industrial activity along the coast of Buzky Estuary local anomalies of bottom sediment
contamination with heavy metals have formed in the zones influenced by industrial enterprises. Shipbuilding
plays a predominant role in the formation of these technogenic pollution anomalies. According to geochemical
criteria (Kc), a technogenic association of heavy metals has been identified: copper (10.6), lead (10.1), manganese
(5.3), zinc (4.8), nickel (3.4). According to sanitary and hygienic criteria (MPC), the danger of contamination
decreases in the following order: copper (4.82), nickel (2.73), zinc (2.11), manganese (1.77), lead (1.19),
chromium (0.79). According to environmental safety criteria, contamination of bottom sediments in most of
Buzky Estuary falls into the moderately hazardous category (a tense environmental situation).



MirpaiiiiiHa 34aTHICTh BOXKKHX METANIB y JOHHUX BlAKJIagax By3bKoro jnmaHy 30UIbIIYETHCS B TAKOMY
nopsiky: Pb < Fe < Cr < Ni < Cu < Zn < Mn. BuCOKOMOJIEKY/ISIpHI OpTraHidHI PEUOBUHHA TTPUPOTHOTO TTOXOHKCHHS
BiJIirparoTh Bu3Ha4aIbHY poiib y (ikcartii Cu i Ni (90%), y menmiii mipi - Cr (30%) y moHHuX Bigkiagax. MirpariiHa
3/IaTHICTh IIMHKY, 3aji3a 1 MapraHil0 BU3HAYA€ThCA HEOpPraHIYHUMHU (popmamu. B 30H1 BIIIMBY MOOYTOBUX Ta
MPOMUCIIOBUX CTIYHMX CKHUIIB Yy JOHHUX BiAKJaaax 30UIbIIYEThCA YAaCTKA BOJAOPO3UYMHHUX, MOHOOOMIHHUX Ta
JOCTYNMHUX (OPM BAXKKHUX METAJIB, a TAaKoX rymariB 1 (yibBaTiB. ExoyioriuHa HeOe3neka 3a0pyIHEHHSI JTOHHUX
B1JIKJIa/I1B, OI[IHEHA 32 BMICTOM 10HOOOMIHHMX (hOpM Ba)KKHUX METAaJIIB, BIJIMOBIIA€ HAMPY>KEHIM €KOJIOTTYHINA CUTYaIlii.

The migration ability of heavy metals in the bottom sediments of Buzky Estuary increases in the following
order: Pb < Fe < Cr < Ni < Cu < Zn < Mn. High-molecular-weight organic substances of natural origin play a
significant role in the fixation of Cu and Ni (90%), to a lesser extent - Cr (30%) in the bottom sediments. The
migration ability of zinc, iron, and manganese is determined by inorganic forms. In the area influenced by domestic
and industrial wastewater discharges, the proportion of water-soluble, ion-exchangeable, and available forms of
heavy metals, as well as humates and fulvates, increases in the bottom sediments. The environmental risk of bottom
sediment contamination, assessed by the content of ion-exchangeable forms of heavy metals, corresponds to a severe
environmental situation.



Pubu poauHum OWYKOBHX € O10IHAMKATOPOM 3a0pyIHEHHS €KOCUCTEMHM by3bKOTro JIHMMaHny.
OcHoBHUMHU (haKTOpaMH, SKI BU3HAYaIOTh 3a0pYyIHEHHS T1JIPOOIOHTIB BAXKKUMH METalaMH, €. 3arajbHUi
BMICT METaJIiB y JIOHHUX BigKJIagax, KOS(IIIEHT JOHHOIO HAKOMWYEHHS, 1HTErpaibHl NOKA3HUKH XIMIYHOIO
3a0pynHeHHs Bojau. EkosioriuHa HeOe3neka 3a0pyaHEHHsS TPO(IYHOIO JIAHIIOra 3pPOCTA€ Yy HACTYIHOMY
nopsiaky. ZN<Cu<Cr<Ni<Fe<Pb<Mn. 3a 3abpyaHeHHSIM pUO poauHU OWYKOBUX cromxykamu Pb (mo 25
I'JTK) 1 Mn (mo 5 I'JIK) Benuka yacTuHa akBaTOpli BIAHOCUTHLCS A0 HAA3BHMYAMHO HEOE3MEUYHOTO PIBHS
3a0pyAHEHHS, 110 BH3HAYa€ PO3BUTOK KaTacTpo(iuHOI E€KOJOIrIYHOI CHTyalii y OloreorneHo3l by3bkoro
JIUMaHy.

Goby fishes are bioindicators of pollution of Buzky Estuary ecosystem. The main factors
determining the pollution of hydrobionts with heavy metals are: the total content of metals in bottom
sediments, the coefficient of bottom accumulation, and the integral indicators of chemical pollution of
water. The ecological danger of pollution of the trophic chain increases in the following order:
ZnN<Cu<Cr<Ni<Fe<Pb<Mn. In terms of pollution of bullhead fish with Pb compounds (up to 25 MPC)
and Mn (up to 5 MPC), a large part of the water area belongs to an extremely dangerous level of pollution,
which determines the development of a catastrophic environmental situation in the the Buzky Estuary
ecosystem.
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