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Purpose. To ilnvestigate and analyze the peculiarities of the accumulation of heavy metals (Cu,
Fe, Zn, Cd, Pb, Co, Ni and Mn) in the organs (muscles, gills, liver, kidneys, fins, intestine) and tissues of
sterlet (Acipenser ruthenus Linnaeus, 1758) for detecting the patterns of their accumulation and
predicting the effect of their toxicological load on the organism of sturgeons as well as for evaluating
the polymetallic load on this species in the Dnieper-Bug estuary.

Methodology. The material for the research was represented by (3+)—(4+) sterlet caught in the
spring of 2016 in the Dnieper-Bug estuary. Organs and tissue samples were homogenized and then
burned in a mixture of concentrated nitric (HNOs) and hydrochloric acid (HCl). The determination of
heavy metals in organs and tissues of fish were performed by flame atomic absorption spectroscopy
using an atomic absorption spectrophotometer AAS-3 and AAS-3N company "Carl Zeiss" (Jena,
Germany).

Findings. The distribution of heavy metals in organs and tissues of sterlet (Acipenser ruthenus L.)
of the Dnieper-Bug estuary in the spring of 2016 was characterized by heterogeneity and depended
on their physico-chemical properties and functional characteristics of organs and tissues of the
investigated fish. The highest quantities copper, zinc and iron are accumulated liver, while
manganese and cobalt in gills. Toxic metals (lead and cadmium) are more concentrated in gills, skin
and liver. The maximum contents in the tissues and organs of sterlet were observed for iron and zinc,
while the minimals ones — for cadmium and cobalt.

Originality. The paper describes the actual data on the contents and peculiarities of heavy metal
accumulation in the body of sterlet inhabiting the Dnieper-Bug estuary.

Practical value. The paper contains the newest information on the accumulation and content of
heavy metals in organs and tissues of sterlet in the Dnieper-Bug estuary. The results of the work will
be used for future comparative and biochemical studies of sterlet populations as well as serve as a
basis for further monitoring of chemical contamination of water bodies in Ukraine.
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PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

The Dnieper-Bug estuary is an open freshwater estuary in the northern part of the
Black Sea located on the territory of Kherson and Mykolaiv oblasts of Ukraine. It
consists of the Dnieper estuary elongated in sublatitudinal direction of (length 55 km,
width up to 17 km) and narrow (width from 5 to 11 km) and meandering Bug estuary,
elongated in submeridional direction with a length of 47 km. The predominant depth is
6-7, the maximum is 12 m (so-called Stanislavska pit). The estuary connects with the
Black Sea through a strait with a width of 3.6 km (between Ochakiv Cape and Kinburn
spit). Approximately 25-30% of water flow of the Dnieper and Southern Bug are used
for irrigation and industrial water supply, resulting in an increase in salinity in the
estuary. This fact, in its turn, alters the biochemical effects of heavy metals and
responses of aquatic organisms on them. This is due to different actions of these
elements in fresh and sea waters. For example, Cd*" is more toxic at lower salinity due
to its transformation into the form of free ions. At the same time, the toxic effects of
Pb*" and Zn*" are less dependent on salinity because they present in water in the form of
hydroxides.

The major pollutants of water in the estuary are brought by the Dnieper, Southern
Bug and Ingulets rivers [4, 5]. The emergency discharge of mine waters became a
practically planned pollution for estuary waters. For example, about 12 million m® of
mine water of Kryvbas (Kryvorizkyi Iron Ore Basin) with a salinity of up to 4000
mg/dm? are dumped every year into the Ingulets River [8, 9, 10]. In addition, permanent
sources of pollution of estuary waters are harboring vessels and the activity of port
cities as a whole. At present, estuary sediments play a role of the collector of man-made
products and a kind of the natural disposal place for heavy metals. They do not
biodegrade and being gradually accumulated in various ecosystem components are
actively involved in the biological cycle of chemical elements, resulting in the
poisoning of biotic components in hydroecosystems. Human impacts of recent years led
to the fact that the majority of the bottom sediments of the estuary waters (about 70%)
belong to the category of allowable pollution, while the upper parts of the estuary and
the zones of the influence of municipal landfills are recognized as hazardous areas. The
status of "critically dangerous zones" is assigned to the zones of the impact of
shipbuilding yards and ports. The areas of the lower parts of the estuary, where sterlet
(Acipenser ruthenus) occasionally occurs, belong to "moderately polluted zones". Being
a bottom-dwelling species, it cannot but react to the fact that the majority of bottom
sediments in the estuary (83%) are contaminated with Cu®* at concentrations exceeding
the allowable ones, 70% of waters are contaminated with Ni?*, 40% with Mn?*, 32%
with Zn?" and 22% with Pb?". The similar level of contamination characterizes the
ecological state of the water body as critical and is a constant source of toxicosis for
sterlet populations.

Sterlet (Acipenser ruthenus Linnaeus, 1758) is the most important representative of
the biota of the Dnieper-Bug estuary. It belongs to the most valuable representatives of
sturgeons both with economic and environmental points of view, being one of few
species of sturgeons that permanently live in fresh river water forming isolated
populations. The maximum length of this fish is more than 70 cm and weight of up to
4-5 kg. In fisherman catches in natural bodies of water, mainly individuals of 40—45 cm
in length and weighing up to 2 kg are observed. However, in pond farms, age-1+ fish
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can attain more than 1 kg. Among other sturgeons, sterlet is characterized by the earliest
maturation age: males spawn for the first time at the age of 4-5 years, females — 7-8
years. The fertility varies from 4 to 140 thousand eggs. Spawning occurs in May,
usually in the upper reaches of rivers. Eggs are adhesive and are deposited on stony-
pebble bottom; the incubation period is about 4-5 days. Changes in environmental
conditions that occur under the effect of anthropogenic factors caused a sharp decline in
the number of sterlet population, creating a real threat to their existence. In Ukraine,
sterlet has been listed as an endangered species in the Red Book, the official state
document that contains an annotated list of rare and endangered species of flora and
fauna, since 2009. Also, as for 2016, this species is listed as "vulnerable" according to
IUCN (International Union for Conservation of Nature and Natural Resources).
"Vulnerable species" is a conservation status assigned to species that are at risk of
extinction. They require monitoring of their numbers and reproduction rates, as well as
measures to promote the conservation of their habitats. Even if they are actively
cultivated under controlled conditions, this status is maintained because there is a threat
to the wild populations of this species.

The main way of overcoming this situation is the organization of artificial
reproduction of sterlet at specialized enterprises. The Pilot Production Dnieper Sturgeon
Fish-Reproductive Plant named after Academician S. T. Artyushchik (PPDSFPP) was
built in 1984 for this purpose. It is a budgetary organization of state funding, which is a
sub-unit of the State Agency of Fisheries of Ukraine. The total area of this enterprise is
106 hectares, of which 72 hectares are reserved for ponds (30 ponds), while the
remaining area is used directly for the reproduction cycle and outbuildings. The result
of more than 26 years of work on artificial reproduction of the PPDSFPP, is the release
of more than 50 million downstream-migrant juveniles of sturgeons (beluga, Russian
sturgeon, starry sturgeon, and sterlet) into the lower reaches of the Dnieper and the
Dnieper-Bug estuary. During the period of its work, more than 2500 brood sturgeons
were used for reproduction, including more than 1 thousand females and 1.5 thousand
males. The amounts of works in some years fluctuated in a quite broad range and, if to
take the number of free embryos into account, these numbers attained 9 million
individuals with a total number of more than 113 million individuals. Based on tagging
and subsequent trawl catches of sturgeon juveniles on their feeding grounds, the
percentage of sturgeon fingerlings produced by artificial method at the PPDSFPP varied
within 40-80% that proves the efficiency and benefits of the artificial propagation of
sturgeons at fish hatcheries.

At the same time, there is an issue related to the survival and quality of adult sterlet
in the Dnieper-Bug estuary, since heavy metals cause strong cumulative and synergistic
effects. They occupy a leading place among the pollutants contaminating aquatic
ecosystems, causing disorders in the structure of populations and reducing the adaptive
functions of individual fish. The changes in ichthyocenoses occurring under the effect
of heavy metals indicate on the narrowing of zones with optimum environmental
conditions, deep disruption in the functioning of structures to ensure the resistance of
fish to infections and infestations. The problem of the sustainable development of sterlet
under constant toxicosis is especially pressing in connection with improvements in the
commercial return rates of sturgeons.
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HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

One of the priority pollutants of the Dnieper-Bug estuary are heavy metals (Cu?",
Fe?', Zn**, Cd*", Pb*', Co*, Ni*" and Mn*"), especially in view of port operations in
Kherson and Ochakov. The majority of polymetallic pollutants are brought with waters
of the Ingulets River, during the discharge of highly mineralized accumulating water
reservoirs of mining and processing plants of Krivoy Rog from November to March
every year [8]. This "winter" contamination of water areas with heavy metals was one
of the reasons for our research why we selected sterlet caught in the spring.

The monitoring of heavy metal contents in different age groups of sterlet needs to
be performed regularly, as these pollutants getting into the estuary with surface runoff,
stay permanently in the ecosystem redistributing among its components. The study of
the process of their accumulation and their ratios in the organism of sterlet is important
for the solution of theoretical and practical problems of sturgeon culture, affecting the
efficiency of the processes of domestication, incubation and restoration of the natural
resources of this fish species as a whole.

Apart from the fact that heavy metals are an important indicator of the hydro-
ecological status of aquatic ecosystems, they play an ambiguous role in the biochemical
processes of fish organism. For example, with insufficient intake of essential
microelements and excess of toxic ones, the microelement homeostasis can be
disrupted, therefore not only the level of heavy metals in the organism is important, but
also their ratio, because, as is known, microcelements are characterized by synergistic
and antagonistic linkages. The optimum content of minerals in the organism supports
the normal course of metabolic processes, and therefore high quality of brood sterlet.

To monitor the chemical and biological state of hydroecosystems and quality
control of fish and fish products based on standartized elements, it is necessary to
determine the levels of heavy metals in the ichthyofauna of water bodies and streams
[1-7]. From the ecological and physiological point of view, the study of metabolism
and concentration of heavy metals in aquatic organisms, in this case — sterlet, is an
extremely important aspect for understanding the processes of their migration along
food chains.

Based on the abovementioned, the aim of our work was to obtain and analyze
relevant data on the pecularities of heavy metal accumulation in organs and tissues of
sterlet of the Dnieper-Bug estuary.

MATERIALS AND METHODS

Age-3+ — 4+ females of sterlet (Acipenser ruthenus L.,) caught in the Dnieper-Bug
estuary in the spring of 2016 were analyzed during this study.

The performed studies involved the determination of certain metals of the fourth
period of the Mendeleev’s periodic table of chemical elements, namely: copper (Cu®"),
iron (Fe*"), zinc (Zn*"), cadmium (Cd*"), lead (Pb*"), cobalt (Co?"), nickel (Ni*") and
manganese (Mn?") in the organs and tissues of investigated fish.

Samples of organs (muscle, gill, liver, kidney, fins, intestine) and tissues of sterlets
were homogenized, and then burned in a mixture of concentrated nitric (HNO3) and
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hydrochloric acid (HCI) at a ratio of 3:1 at 3 replications [1-3, 9, 11]. The precise
weighed samples of the homogenate were 2 g for each replicate.

The determination of heavy metals in organs and tissues of fish was peformed by
flame atomic absorption spectroscopy using the atomic absorption spectrophotometer
AAS-3 and AAS-3N "Carl Zeiss" (Jena, Germany) at the Institute of Hydrobiology of
the NAS of Ukraine and spectrophotometer C-115M1 (Sumy, Ukraine), at the Institute
of Fisheries NAAS of Ukraine (Kyiv) [1-3, 12].

STUDY RESULTS AND THEIR DISCUSSION

Our works on the study of heavy metal contents in organs and tissues of fish in
freshwater reservoirs of Ukraine were launched in 1986 [4, 5, 11]. The study in the
Dnieper-Bug estuary continues to this day. Some materials were published [13, 14].
However, this article presents the current data on the accumulation of heavy metals
(Cu**, Fe**, Zn**, Cd**, Pb*", Co*", Ni*" and Mn?") in the organs and tissues of sterlet as
for March 2016.

The studies confirmed that the sterlet actively accumulated iron from the
environment because of its high biological activity. E.g., the iron content in the
organism of investigated sterlet individuals was relatively high. Its highest
concentrations were recorded in liver (32.04 mg/kg), gills (29.43 mg/kg) and fins
(25.33 mg/kg). The high level of iron accumulation in liver can be explained by the fact
that this organ contains large amounts of blood, where excess iron is deposited. Iron in
liver performs a role of a reserve, where it is contained in the form of complexes being
a starting material for further synthesis. It is liver, which contains the basic iron-
containing protein — ferritin. The figure below (Fig. 1) shows a diagram of iron
accumulation in the tissues and organs of sterlet caught in the spring of 2016 in the
Dnieper-Bug estuary.
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Fig. 1. Iron accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary
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Thus, the lowest concentration of this metal is contained in kidneys (24.22 mg/kg),
intestine (21.32 mg/kg), skin (20.14 mg/kg) and muscles (16.31 mg/kg). In ascending
order of iron content in sterlet organs and tissues, they can be ranged as follows:
muscles > skin > intestine > kidneys > fins > gills > liver.

According to the content level in sterlet organism, zinc is second element after
iron. This is because its physiological role is polyfunctional — it is involved in the
supramolecular organization of intracellular complexes, affects the activity of pituitary
gonadotropic hormones, is included in the compositon of glycolysis and respiration
enzymes, and required for the formation and function of intracellular membranes. The
figure below (Fig. 2) shows a diagram of zinc accumulation in the tissues and organs of
sterlet caught in the spring of 2016 in the Dnieper-Bug estuary.
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Fig. 2. Zinc accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

As can be seen from the diagram, the largest amounts of zinc are recorded in liver
(10.32 mg/kg), skin (9.13 mg/kg) and muscles (8.41 mg/kg). The lowest contents of this
metal were recorded in kidneys (4.84 mg/kg), intestine (5.74 mg/kg) and fins (6.10
mg/kg). In ascending order of zinc content in sterlet organs and tissues, they can be
ranged as follows: kidneys > intestine > fins > gills > muscles > skin > liver.

Copper is involved in phenol, nitrogen and nucleic metabolisms of sterlet
organism. Furthermore, copper metabolism directly depends on iron content, because it
affects both the absorption and the use of the latter. Thus, copper occupies the third
place based on the content in sterlet organism after iron and zinc. The figure below
(Fig. 4) graphically display the levels of copper accumulation in organs and tissues of
investigated starlet individuals.

As can be seen from the diagram, the highest copper content is recorded in liver
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(8.57 mg/kg), kidneys (1.57 mg/kg) and skin (1.30 mg/kg). The lowest levels of its
content are registered in fins (0.20 mg/kg), muscles (0.53 mg/kg) and intestine
(0.75 mg/kg). In ascending order of copper content in sterlet organs and tissues, they
can be ranged as follows: fins > muscles > intestine > gills > skin > kidneys > liver.
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Fig. 3. Copper accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

Lead accumulation in sterlet organism allows making a conclusion on its constant
intoxication with this metal belonging to the group of priority tracking elements. It is
recognized as one of the most dangerous pollutants because it is characterized by
prolonged effect. As a potent inhibitor of cell metabolism, it enhances the toxicity of
other metals. This metal is definitely toxic for sterlet, the symptoms of poisoning are
observed at a concentration of 0.1-0.4 mg/dm?’. The diagram below (Fig. 4) shows the
levels of lead accumulation in organs and tissues of the investigated sterlet.
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Fig. 4. Lead accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary
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As can be seen from the diagram, a marked accumulation of this metal occurs in
gills that is probably due to their respiratory function, ensuring the penetration of the
metal into the organism. In general, the highest lead contents were recorded in fins
(1.49 mg/kg), liver (1.68 mg/kg) and gills (1.79 mg/kg). The lowest concentrations of
this metal were recorded in muscles (0.83 mg/kg), kidneys (0.89 mg/kg) and intestine
(1.32 mg/kg). In ascending order of lead content in sterlet organs and tissues, they can
be ranged as follows: muscle > kidneys > intestine > skin > fins > liver > gills.

Participating in biological catalysis and stimulating protein, carbohydrate and fat
metabolisms, manganese has a significant impact on growth, reproduction and
hematopoiesis in sterlet. It should be noted that the compounds of this element are the
least toxic for sterlet in comparison with other heavy metals. The diagram below
(Fig. 5) graphically displays the levels of manganese accumulation in organs and tissues
of the investigated individuals of sterlet.
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Fig. 5. Manganese accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

As can be seen from the diagram, the highest amounts of manganese were recorded
in gills (5.72 mg/kg). At the same time the lowest amounts of this metal were observed
in fins (0.28 mg/kg), intestine (0.35 mg/kg) and skin (0.37 mg/kg). In ascending order
of manganese content in sterlet organs and tissues, they can be ranged as follows: fins >
intestine > skin > liver > kidneys > muscles > gills.

Nickel belongs to trace elements, which are necessary for normal development of
multiple-age individuals of sterlet. Its compounds are catalysts of hematopoietic and
enzymatic processes. At the same time, it is carcinogenic and mutagenic. The diagram
below (Fig. 6) graphically displays the levels of nickel accumulation in organs and
tissues of the investigated individuals of sterlet.

As can be seen from the diagram, the highest amounts of nickel are accumulated in
gills (1.11 mg/kg), fins (0.91 mg/kg) and skin (0.73 mg/kg). The lowest accumulation
of this metal is observed in muscles (0.33 mg/kg), intestine (0.52 mg/kg) and kidneys
(0.62 mg/kg). In ascending order of nickel content in sterlet organs and tissues, they can
be ranged as follows: muscles > intestine > kidneys > liver > skin > fins > gills.
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Fig. 6. Nickel accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

The content of cadmium in the organism of sterlet was insignificant because this
element is eliminated from sterlet organism with the aid of metallothioneins. While
insignificant amounts of this element are required for normal function of fish organism
(its low concentrations of approx. 25-100 g/dm? stimulate cell division), its tendency
for accumulation results in metabolic disorders. The diagram below (Fig. 7) graphically
displays the levels of cadmium accumulation in organs and tissues of the investigated
individuals of sterlet.
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Fig. 7. Cadmium accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

As can be seen from the diagram, the highest amounts of cadmium are
accumulated in skin (0.16 mg/kg), kidneys (0.14 mg/kg) and gills (0.12 mg/kg). The
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lowest accumulation of this metal occurs in muscles (0.05 mg/kg), fins (0.09 mg/kg)
and intestine (0.10 mg/kg). In ascending order of cadmium content in sterlet organs and
tissues, they can be ranged as follows: muscle > fins > intestine > liver > gills > kidneys
> skin.

Cobalt is an essential trace element for sterlet, which is constantly present in its
tissues. Entering into a molecule of vitamin Bj, (cobalamin), cobalt is necessary for
hematopoiesis, normalization of nervous system and liver functioning, enzymatic
reactions. At the same time, its excess causes blood pathologies and results in fish
growth delay. Among the studied heavy metals (Cu, Fe, Zn, Cd, Pb, Mn, Ni), the total
content of cobalt in sterlet organism is the lowest — 0.57 mg/kg of wet weight. The
diagram below (Fig. 8) graphically displas the levels of cobalt accumulation in organs
and tissues of the investigated individuals of sterlet.
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Fig. 8. Cobalt accumulation in organs and tissues (mg/kg) of sterlet in the
Dnieper-Bug estuary

As can be seen from the diagram, the highest accumulated amounts of cobalt are
observed in gills (0.26 mg/kg) and kidneys (0.07 mg/kg), while the lowest — in
muscles (0.04 mg/kg). In ascending order of cobalt content in sterlet organs and tissues,
they can be ranged as follows: muscles > intestine and skin > liver and kidneys > fins >
gills.

The content of heavy metals in fish and fishery products is controlled by the
sanitary rules, regulations and standards (SanPiN), medico-biological requirements and
sanitary norms for the quality of food raw materials and food products, state standards
of Ukraine. It should be noted that in Ukraine today, the content of heavy metals in
edible parts of fish (muscles) is regulated according to the State standard of Ukraine
2284: 2010 "Live fish. General technical requirements". The contents of these elements
should not exceed the standardized values, but they are developed only for four heavy
metals: zinc, copper, lead and cadmium. Based on our data, we can say that the content
of regulated heavy metals in the muscles of sterlet were significantly lower than the
MAC (maximum allowable concentration): Zn — 8,41+0,63 mg/kg while
MAC=40.0 mg/kg; Cu — 0,53+0,07 mg/kg while MAC=10.9 mg/kg;, Pb —
0,83+0,09 mg/kg while MAC=1.0; Cd — 0.05+0.01 mg/kg while MAC=0.2 mg/kg.
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The contents of heavy metals in organs and tissues of sterlet in the Dnieper-Bug
estuary in the spring of 2016 are presented in Table 1.

Table 1. The contents of heavy metals in organs and tissues of sterlet
(Acipenser ruthenus L.) of the Dnieper-Bug estuary, mg/kg wet weight

Organs and tissues Heavy metals
Fe Zn Cu Pb
Muscles 16,31+1,50 8,41+0,63 0,53%0,07 0,83+0,09
Gills 29,43+11,21 7,04+1,21 0,94+0,17 1,79+0,16
Liver 32,04+4,52 10,32+1,31 8,57+1,23 1,68+0,23
Kidneys 24,22+2,41 4,84+1,13 1,5740,25 0,8910,16
Skin 20,14+3,23 9,13+1,32 1,30+0,17 1,46+0,12
Fins 25,33+2,14 6,10+0,91 0,20%0,05 1,49+0,19
Intestine 21,32+1,74 5,74+0,72 0,75+0,15 1,3240,15
Organs and tissues Mn Ni cd Co
Muscles 0,60+0,07 0,33+0,06 0,05+0,01 0,04+0,01
Gills 5,72+0,61 1,1140,16 0,12+0,03 0,2610,02
Liver 0,40+0,10 0,66+0,11 0,11+0,02 0,06+0,01
Kidneys 0,450,09 0,62+0,13 0,14+0,03 0,07+0,02
Skin 0,37+0,11 0,73+0,05 0,16+0,03 0,05+0,01
Fins 0,28+0,05 0,91%0,17 0,09+0,03 0,060,02
Intestine 0,35+0,08 0,52+0,10 0,10+0,04 0,05+0,02

As the table shows, the lowest amounts of heavy metals were accumulated in
muscles, kidneys and fins of sterlet. The highest levels of heavy metal accumulation
were observed in gills, skin and liver. Summarizing the lowest content of heavy metals
in organs and tissues of sterlet in descending order, we can form the following series:
Fe (16.31 mg/kg in liver) > Zn (4.84 mg/kg in kidneys) > Pb (0.83 mg/kg in muscles) >
Ni (0.33 mg/kg in muscles) > Mn (0.28 mg/kg in fins) > Cu (0.20 mg/kg in fins) > Cd
(0.05 mg/kg in muscles) > Co (0.04 mg/kg in muscles). At the same time, in ascending
order, the highest contents of heavy metals in organs and tissues of sterlet formed a
series: Cd (0.16 mg/kg for the skin) > Co (0.26 mg/kg in gills) > Pb (1.79 mg/kg in
gills) > Ni (1,11 mg/kg in gills) > Cu (8,57 mg/kg in liver) > Mn (5.72 mg/kg in gills) >
Zn (10,32 mg/kg in liver) > Fe (32,04 mg/kg in liver).

The levels of heavy metal accumulation in organs and tissues of sterlet are as
follows:

muscles: Fe > Zn > Pb > Cu > Mn > Ni > Cd > Co;
gills: Fe > Zn > Mn > Pb > Ni > Cu > Co > Cd;
liver: Fe > Zn > Cu > Pb > Ni > Mn > Cd > Co;
kidneys: Fe > Zn > Cu > Pb > Ni> Mn > Cd > Co;
skin: Fe > Zn > Pb > Cu > Ni > Mn > Cd > Co;
fins: Fe > Zn > Pb > Ni > Mn > Cu > Cd > Co;
intestine: Fe > Zn > Pb > Cu > Ni > Mn > Cd > Co.

ISSN-L 2075-1508 PUBOT'OCIIOJJAPCBKA HAYKA VKPAIHH * Ne 3/2016



HEAVY METALS IN ORGANS AND TISSUES OF STERLET
(ACIPENSER RUTHENUS L.) IN THE DNIEPER-BUG ESTUARY

Thus, of all investigated sterlet organs and tissues, the highest content was
recorded for iron (as in general for the entire organism, and in particular organ — liver),
while the lowest content was observed for cobalt (as in general for the entire organism
and a particular organ — muscles).

CONCLUSION AND PERSPECTIVES
OF FURTHER DEVELOPMENT

Sterlet (Acipenser ruthenus L.) — is a fish with high nutritional and dietary
characteristics of meat quality, which has always been a desirable object of harvest and
consumption. However, under the effect of anthropogenic pressure on natural
hydroecosystems, this species disappeared from commercial fishery in Ukraine and was
listed as endangered.

To resolve the current situation, a technology of artificial reproduction of sterlet in
specialized enterprises such as the Pilot Production Dnieper Sturgeon Fish-
Reproductive Plant named after Academician S. T. Artyuschika (PPDSFPP) has been
developed and continuously improved.

However, in current conditions, when downstream migrating sterlet juveniles are
released in the Dnieper-Bug estuary, they are exposed to the toxic effects of heavy
metals (Cu®’, Fe?*, Zn**, Cd**, Pb*', Co*", Ni*" and Mn?") that reduces the efficiency of
artificial propagation, thereby affecting the rate of its commercial return. Since all
heavy metals are characterized by high ability for accumulation, this paper analyzed the
peculiarities of their accumulation in adult sterlet.

The distribution of heavy metals in sterlet organs and tissues in the Dnieper-Bug
estuary in the spring of 2016 is characterized by heterogeneity and depends on their
physicochemical properties and functional characteristics of organs and tissues. The
highest quantities of copper, zinc and iron are observed in liver, while manganese and
cobalt in gills. Toxic metals (lead and cadmium) are more concentrated in gills, skin
and liver. The maximum contents in sterlet tissues and organs are typical for iron and
zinc, while the minimum contents — for cadmium and cobalt. Comparing the results
with content levels of heavy metals in freshwater fish [1-2], it should be noted that they
fall within the standard range.

The performed studies on heavy metal contents in sterlet organs and tissues
provide an opportunity to assess the polymetallic load on this species in the Dnieper-
Bug estuary and will serve as a basis for further monitoring of chemical contamination
of reservoirs in Ukraine.
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Mema. flocnidumu ma npoaHanizysamu ocobausocmi HAKOMUYeHHA 8axckux memasnie (Cu, Fe,
Zn, Cd, Pb, 3, Ni i Mn) e opaaHax (m’A3u, 396pa, nedyiHKa, HUPKU, NAa8Ui, KUWEYHUK) mMa MKAHUHaX
cmepnsadi (Acipenser ruthenus Linnaeus, 1758) 3 memorw eusAesneHHA 3aKoHomipHocmel ix
HOKOMUYEHHA i MPO2HO3YBAHHA 8M1UBY MOKCUKO/I02[YHO20 HOBAHMAXKEHHA HO OP2aHi3M 0Cemposux
pub, @ MaKoH< OYiHKU MonimemaniyHo2o0 HABAHMAMeHHA HA OaHuli eud 8 [HinposcbKo-by3eKomy
AUMGHI.

Memoduka. Mamepian 015 0ocnioreHb bye npedcmasneruli (3+)—(4+) ocobuHamu cmepnAdi,
susnoeneHoi HasecHi 2016 poky 3 [Hinposcoko-by3bkozo aumady. pobu opeaaHie ma MKAHUH
20MO2eHi3yeanu, Micaa 4020 Crnanoeanu 8 Cymiwi KoHueHmposaHux aszomwoi (HNO3z) i conaHoi
Kucaom (HCl). Bu3Ha4eHHA emicmy 8aM(KUX mMemasnieé 8 op2aHax ma MKAHUHAX pub nposoounu
mMemodomM amomMHo-abcopbuyiliHoi cnrekmpocKonii 8 noaym’aHomMy eapiaHmi amomizayii Ha amomHo-
abcopbuyitiHomy cnekmpogpomomempi AAS-3 ma AAS-3N komnanii «Carl Zeiss» (Viena, ®edepamusHa
Pecnybnika HimeyyuHa).

Pe3yaomamu. Po3nodin saxckux memanie y op2aHax i MKaHuHax cmepnadi [HinpoecbKo-
Bby3b6K020 1UMAHy cmaHom Ha eecHy 2016 p. xapakmepu3lyemoscs HeOOHOPIOHICMIO | 3anexcums 8id ix
izuro-ximiyHUX enacmusocmeli i pyHKUiOHANbHUX ocobausocmeli opeaHie i MKAHUH Mi000CAIOHUX
pub. Y Halibinbwil KinbKocmi mMidb, 3a1i30 | UUHK HAKOMUYYOMbCA 8 neYiHyi, mapaaHeyb i kobaabem
— y 3a6pax. ToKcuyHi memanu (cauHeyb ma Kaomili) 6inbwior miporo KOHUeHmMpyomoca e 3a6pax,
wKipi i neviHyi. MakcumansHuli Bmicm 8 opeaHax i MKaHUHAx cmepnasaodi xapakmepHuli 011 3ani3a i
UUHKY, a MiHIMaabHUl — 0414 Kadmito i Kobaaemy.

Haykoea Hoeus3Ha. Bnepwe onucaHi akmyaneHi OaHi pieHie emicmy ma ocobausocmeli
HOKOMUYEHHsA 8aM(KUX Memasnie 8 opz2aHiami cmepnsadi, wo MewKae 8 akeamopii [HinposcbKo-
By3bK020 AUMAHY.

Mpakmuyna 3Ha4yumicme. [lo0aHi HOBIMHI MOKA3HUKU HAKOMUYEHHA ma 8Micmy a3 Kux
memarnie 8 opeaHax Ma MKaHUHax cmepaadi JHinposcbKo-by3bKo20 AUMaHy. Pesynsmamu pobomu
b6ydymoe sukopucmaHi 074 no0anbWUX MOPiBHANbHUX Ma bioxiMmiyHUX OocnioxeHb nonynayil
cmepaadi, a makox nocayx#ame 6a30t0 074 M00AAbWO20 MOHIMOPUHEY XiMiYHO20 3a6pyOHeHHs
8000liMm YKpaiHu.

Knrouoei cnoea: cmepnsaods (Acipenser ruthenus), [JHinpo8cbKo-by3bKuli AUMAH, NoAOMAHMU,
saxcki memanu, Cu, Fe, Zn, Cd, Pb, Co, Ni, Min, eKomoKCcUK0s102is 0ceEMpPOBUX.

BIOPECYPCH TA EKOJIOTISI BOLJOWUM



YU. SYTNIK, YU. PILIPENKO, P.SHEVCHENKO, V.PLUGATAREV, N. KOLESNYK,
M. SIMON, A. MELNYK, N. DOROFEY

TAXENBIE METAN/1bl B OPFTAHAX U TKAHAX CTEPNAAN
(ACIPENSER RUTHENUS L.) AHENPOBCKO-BYICKOIro IMMAHA

0. M. CbITHUK, sytnik yu@ukr.net, UHCTUTYT rugpobuonorum HAH, r. Kues

10. B. MununeHko, pilipenko eco@mail.ru, XepcoHCKWUi1 rocyAapCTBEHHbIN arpapHbIi
YHUBEPCUTET, . XepCOoH

N. I. WeBueHKo, shevchenko.petr@edu.ua, HaunoHanbHbIN YyHUBEPCUTET
b6ropecypcos 1 NpUPoAononbL30BaHus, r. Kues

B. A. Nnyrarapés, vedorz@mail.ru, /lHenpoBCcKMin 0ceTpoBbIl pblbo-
BOCMpPOM3BOAMTENbHBIM 3aBOA UM. akagemuKa C. T. ApTioWwuKa, ¢. JHenpoBcKoe,
Benosepckuii p-H, XepcoHcKas o6.

H. /1. KonecHuk, kolesnik@if.org.ua, MHcTUTYT pbibHOro x03scTea HAAH, r. Kues

M. 0. CumoH, simonm@if.org.ua, MHCTUTYT pbibHOro xo3ancrtea HAAH, r. Kues

A. ®. MenbHuK, melnik.kiev@mail.ru, UHcTUTYT pbibHOrO X03alicTBa HAAH, r. Knes
H. A. ODopodeii, darg@darg.gov.ua, NlocyaapcTBeHHOE areHTCTBO PbIBHOIO X03ANCTBa
YKpauHbl, r. Kues

Lenb. Nccnedosame u npoaHanu3uposams 0cobeHHOCMU HAKOMAeHUA MAXENbIX Memassnos
(Cu, Fe, Zn, Cd, Pb, Co, Ni u Mn) 8 opaaHax (Mbiwybi, abpbl, neyeHb, NOYKU, MNAABHUKU, KUWEYHUK) U
mkaHax cmepnasdu (Acipenser ruthenus Linnaeus, 1758) ¢ uenbto ebigeneHUs 3aKoHOMepHocmel ux
HAKOMAEHUA U MPO2HO3UPOBAHUSA 8/UAHUA MOKCUKO02U4eCKolU Hazpy3KUu Ha Op2aHU3M 0Ccemposbix
pblb, @ MaKM#e OUeHKU noaumemannu4eckol Hazpy3Ku Ha OaHHbIU eud 8 [Henposcko-byackom
AuUMaHe.

Memoouka. Mamepuan 0aa uccnedosaHull bbin npedcmasneH (3+)—(4+) ocobamu cmepnasou,
8bla0sneHHol eecHoli 2016 200a u3 [Henposcko-byaeckozo AumaHa. [Mpobbl opeaHoe u mKaHel
20MO02€eHU3UpPOo8anu, Nnocse 4ez2o CHU2aAU 8 CMECU KOHUeHmMpuUposaHHbix azomHol (HNO3) u conaHol
kuciom (HCI). OnpedeneHue cOOep¥aHUA MAMENLIX Memannoe 8 Oop2aHaX U MKAHAX pbl6
nposodusnu mMemodoM amoOMHO-abcopbUUOHHOU CcrieKmpocKonuu 8 M/JAAMeHHOM eapuaHme
amomu3ayuu Ha amomHo-abcopbyuoHHom criekmpogpomomempe AAS-3 u AAS-3N komnaHuu «Carl
Zeiss» (Mena, ®edepamusHas Pecnybnauka lepmaHus).

Pe3synomamel. PacnipedeneHue mAMENbIX MemManno8 8 O0p2aHaX U MKAHAX cmepasou
JlHenposcko-byecko2o  AuMaHa Mo cocmosHuU0 Ha eecHy 2016 2. xapakmepulyemcsa
HeoOHOPOOHOCMbIO U 3a8ucUM Om UX (DU3UKO-XUMUYECKUX ceolicme U (PyHKUUOHA/IbHbIX
ocobeHHocmeli opeaHos u mkaHeli nodonsimHeix pbib. B Haubonswem Konuyecmese medsb, Heneso u
UYUHK HOKanaAueaomcs 8 neyeHu, mapaaHey u kobanem — 8 #abpax. TOKcu4Hble Memansnel (ceuHey
u Kaomuli) 8 bonbweli cmeneHu KOHUeHMpuUpytomcs 8 ¥abpax, Koxce u nevyeHu. MakcumaneHoe
codepxcaHue 8 OpeaHAX U MKAHAX cmepAasou XapakmepHo 014 #cene3a u YUHKA, d MUHUMAsIbHOe —
0718 KaOMusA u Kobanbma.

Hay4yHaa Hoeu3Hd. Briepsble onucaHbl aKmyasbHble OGHHbIE 10 YPOBHAM COOepH(aHUA U
0COBEHHOCMAM HAKOMAEHUA MAMENLIX Memansnos 8 op2aHusMe cmepasou, obumarowel 8
akeamopuu [JHenposcKo-byacko2o AUMAHQ.

Mpakmuyeckasa 3Hayumocme. [lodaHel Hoseliue NoKasamesnu HAKOMAEHUA U COOePHAaHUSA
MAMENbIX MEMASII08 8 OP2AHAX U MKAHAX cmepaadu [lJHenposcko-byacko2o AumaHa. Pesyasmamel
pabomel 6y0ym ucronb308aHbI 048 0anbHeUWUX CpasHUMenoHelx U Buoxumuyeckux ucciedosaHuli
nonynaayuli cmepnadu, a makxce nocayxam 6asoli 014 danbHeliwe20 MOHUMOPUH2A XUMUYECKO20
302pA3HeHUA 8000emM08 YKPauHbl.

Knwoueeble cnoea: cmepnsadb (Acipenser ruthenus), [Henposcko-byackuli — AUMGH,
noaaoMaHmel, maxénvie memansnsi, Cu, Fe, Zn, Cd, Pb, Co, Ni, Min, 3KOmOKCUKOs102Us 0Cemposbix.
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