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PECULIARITIES OF HEAVY METAL ACCUMULATION IN FISH FROM OPEN
WATER BODIES AND AQUARIUM CONDITIONS

Abstract. This research is dedicated to studying the peculiarities of heavy metal
accumulation in fish inhabiting open water bodies and in aquarium conditions. The presence of
all the studied heavy metals (zinc, copper, lead) was found in the muscles of the silver crucian
carp Carassius gibelio. The analysis of the research results indicates that copper and lead levels
were within permissible limits, while zinc levels significantly exceeded the standards in both
experimental groups (46.5+10.9 and 129.1+69.47 mg/kg).
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Problem Statement. Heavy metals, due to their toxicity and bioaccumulation properties, are a
serious environmental pollutant. Among them, lead (Pb), copper (Cu), and zinc (Zn) are of
particular importance. However, it should be noted that in trace amounts, heavy metals are a
natural and even necessary component of living cells, except for mercury, lead, and cadmium
[1,4].
The current environmental situation requires important research on the migration of these
metals in various objects to prevent their accumulation in food products and to improve the
ecological situation. Although the processes of heavy metal presence in soils and plants are
well studied, the impact of animal organisms on these processes remains a less explored area.
Research Object: Representatives of the carp family (silver crucian carp Carassius gibelio)
aged 4+.
Subject: Assessment of heavy metal content in fish muscles.
Materials and Methods: The study involved forming two groups: fish from open water bodies
and fish kept under aquarium conditions at the Department of Aquatic Bioresources and
Aquaculture of the Dnipro State Agrarian and Economic University. Sampling for the open
water group was conducted at the Sholokhov Reservoir in Dnipropetrovsk region. The fish kept
in aquariums were taken from the Tarom Fish Farm JSC "Dnipropetrovsk Fish Farm" and were
reared for 4 years under aquarium conditions at the department.

To determine the content of heavy metals, samples of muscle tissue were taken from
fish in open water bodies and from aquarium-kept fish and sent to the "BIOSAFETY -center"
laboratory. Before sampling muscle tissue, the experimental fish were weighed and measured
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to form a representative sample. Sampling and material processing were carried out according
to standard hydrochemical, hydrobiological, and ichthyological methods [2,3].

The concentration of heavy metals in the samples was determined by atomic absorption
spectrophotometry. Initially, the fish samples were dried and ground into powder. Then, sample
solutions were prepared for further analysis according to the laboratory protocol.

Research Results. Characterizing the fish from the Sholokhov Reservoir, we can say
that the crucian carp exhibited relatively high size and weight indices. The study of heavy metal
content showed a slight increase in zinc content in the muscles (by 16%). Other studied
indicators were within the permissible limits.

The second group of fish, which participated in the study, consisted of fish that lived in
the aquarium. Tap water and artificial feeds were used for their cultivation. The size and weight
indices of fish in this group were significantly smaller compared to the reservoir fish. In other
words, the linear growth rates lagged significantly both in mass and length. This can be
explained by the relatively small size of the aquarium in which they were reared. On average,
the weight of this group was 0.6 times less than that of the fish from natural water bodies, and
the standard length ranged from 17.1 to 19.5 cm.

The study data revealed the actual heavy metal content in fish, which is one of the main
food products for humans. Summarizing the obtained data (Table 1), we can state that fish kept
for 4 years in aquariums were characterized by a higher content of heavy metals and had low
growth rates compared to their peers raised in natural conditions (in the reservoir). Only in
terms of lead content (0.027+0.017 mg/kg), the fish from the Sholokhov Reservoir were 0.006
mg/kg inferior to the fish from the aquarium complex. The increased lead content can be
explained by its accumulation in the bottom sediments of the water bodies and the specific
feeding habits of crucian carp.

Table 1
Comparative characteristics of heavy metal content by groups

No. Heavy Metals (mg/kg) Open Water Bodies Aquarium Conditions
(Sholokhov Reservoir)
1 Zinc 46.5+£10.9 129.1+69.47
2 Copper 1.92+0.472 2.91+£0.494
3 Lead 0.027+0.017 0.021+0.019

The zinc content in the aquarium fish exceeded the maximum permissible concentration
by 3.2 times. We can assume that one of the sources of heavy metals entering the fish's body,
which were kept in the aquarium, was artificial feed.

At the same time, the physiological norms of copper in the fish diet are still not
established, so the maximum copper content was in the group of fish from the aquarium
conditions, which was 0.99 mg/kg more than the other group studied.

The pH of the water plays a significant role in the mechanism of heavy metal
accumulation. When the pH in the aquarium decreases (towards a more acidic environment)
below 6, free metal ions quickly dissolve in water and accumulate more rapidly in the fish's
body. The issue of the impact of tap water and feed on the bodies of aquarium fish remains
open for further research.

Conclusion. It was found that the concentration of Cu and Pb in the muscles of fish
from the Sholokhov Reservoir does not exceed the permissible limits and amounts to
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1.92+0.472 and 0.027+0.017 mg/kg, respectively. The zinc content exceeded the maximum
permissible concentration by only 6.5 mg/kg, which is a minor deviation from the norm.

Fish kept for over 4 years in aquarium conditions were characterized by an increased
Zn content of 3.2 times. The copper content was within the norm but exceeded by 0.99 mg/kg
compared to fish from natural water bodies. It was proven that fish kept in aquariums were
characterized by a higher content of heavy metals and had lower growth rates compared to their
peers raised in reservoirs.
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TepHomninbCHKMIA HAIIOHATLHUI TTeAaroriuHuil yHiBepcuteT imM. B. ['HaTioka
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IHOPIBHAHHA IIOKA3HUKIB OKCHHOI'O CTPECY, BUK/IMKAHOI'O
HIAHOBAKTEPISAMU HA CTAIIIOHAPHIN TA EKCIIOHEHITAJIBHIN ®A3AX
POCTY

LIBiTiHHA 1iaHOOAKTEpill BUKJIMKAaEe MiJBULICHUH HAyKOBUH IHTepec depe3 ix
MOTEHIIHHY 3arpo3y uisi BOJHOI 010TH, (DYHKLIOHYBAHHS €KOCHCTEMHU Ta HECHPUSTIUBUN
BIUIMB Ha 3JI0pOB’s JIIOJMHU. AHTPONOreHHa eBTpoQikalis Ta 3MiHa KJIiMary € JIBOMa
HaWBIUIMBOBIIIMMYA YUHHHMKaMH, $IKI OOyMOBIIIOIOTH MAacOBICTh Ta HEKOHTPOJIbOBAHICThH
MacoBOT'0 PO3MHOXKEHHSI CHHbO3eIeHHX Bogopocteit (Lirling, 2017). Buau niaHo6akTepii, 1110
CIPUYMHSIOTH 1€ SIBHINE, OXOILIIOIOTH Kilbka poniB: Aphanizomenon, Dolichospermum,
Microcystis, Nodularia, Planktothrix, Raphidiopsis i Trichodesmium. 3a3aaunmo, 110 aKTHBHE
1 IIIJIbHE LBITIHHS L1aHOOAKTEp1i CIpPUYMHSIE 3HAYHE 3HM)KEHHS IPO30POCTi Ta JOCTYIHOCTI
CBITJIa IHIIMM MpEICTaBHUKAM (DITOIMIAHKTOHY Ta BOAHMM Makpoditam. BomHouac, nesxi
1iaHOOaKTepli, SKlI CIPUYMUHSAIOTH LBITIHHSA, BUPOOJSAIOTH IIMPOKUI CHEKTP METaboJiTiB,
TOKCHYHUX JIJISl BOJAHOT O10TH Ta JIFOJIeH Ta BUIUISAIOTH 3anaxoBi cionyku (Codd, 2017).

BBaxaeTncs, 0 MIKIJIMBICTH IBITIHHS I[1aHOOAKTEPiN 3MIHIOETHCS BITHOCHO CTaii,
CTaHy 1 BHECKY TOKCHMUYHOI cyOonomysiii. Ha mouaTtkoBoMy ertari po3BUTKY LIBITIHHS 3a3BUYal
JIEMOHCTPY€ HU3bKY IIKiJIUBICTh, TOJIOBHUM YMHOM, 4Yepe3 HeBeiuky Oiomacy (Mohamed,
2018). Ha momynsuiiiHy 1uHaMiKy Ta TOKCHYHICTb LIBITIHHS, SIK IPABHUJIO, BITUBAIOTh YNHHUKH
HaBKOJIMIIIHBOTO CEpEeJ0BHIIA, 30KpEMa METEOPOJIOTIYHI (TeMIlepaTypHi Ta CBITJIOBI YMOBH),
¢izuko-ximiuHi (pH, KoHIIeHTpalis 010reHHUX 1 OKUBHUX PEYOBHH) Ta 010JI0T1YHI MapaMeTpH
(KOHKYpEHIIisl, aKTUBHICTh OaKTepiii). BB WX YMHHUKIB MPOSBISETHCS IIISIXOM B3a€MOIIT
TOKCUYHHMX 1 HETOKCHMYHMX TMOMYJIALIA Ta perysuii eKcrnpecii reHiB, 0 BiANOBIAAIOTH 3a
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