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ACCUMULATION OF HEAVY METALS (CU, CR, PB, CD) IN AQUATIC
INVERTEBRATES FROM THE HYPERHALINE KUYALNYK ESTUARY
(UKRAINE, NORTH-WESTERN BLACK SEA REGION)

Purpose. To investigate the content of heavy metals (Cu, Cr, Pb, Cd) and the features of their migration
and accumulation in the components (Artemia salina: biomass of individuals of and eggs (cysts), Chironomus
salinarius larvae, water, bottom sediments) of the Kuyalnyk Estuary ecosystem.

Methods. Atomic absorption spectrophotometry, hydrochemical, biological, automated analysis methods
and static analyses.

Results. This is the first study of the accumulation of Cr, Cu, Pb, Cd in the biomass of gill crustaceans A.
salina and larvae of Ch. salinarius, extracted from the hyperhaline Kuyalnyk estuary. It was determined that the
average heavy metal content in the components of the aquatic environment is represented by the following regres-
sion series: Water: Pb > Cu > Cr > Cd ; Bottom sediments: Cu > Pb > Cr > Cd; Crustaceans and cysts of A. salina:
Pb > Cu > Cr > Cd; Larvae of Ch. salinarius: Cr > Cu > Pb > Cd. Intensive accumulation of heavy metals in bottom
sediments, crustaceans A. salina and larvae of Ch. salinarius compared to water is shown, which is confirmed by
the coefficients of bottom accumulation and bioaccumulation. A. salina and larvae of chironomids Ch. salinarius
are effective concentrators of the studied heavy metals, especially lead and chromium. It was found that A. salina
accumulates Pb and Cd more intensively, while Ch. salinarius accumulates Cr the most.

Conclusions. Hydrobionts of the Kuyalnyk estuary (A. salina and Ch. salinarius) are informative bioindi-
cators of chemical pollution of water bodies with heavy metals, with the effective transfer of these metals to the
biota mainly from water. The concentrations of Cd and Pb in these organisms do not exceed the permissible levels
for animal feed, which indicates their potential safety for use. The obtained data are important for the scientific and
biological justification of the use of bioresources of the Kuyalnytskyi estuary and saline water bodies in general.
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Introduction

The hypersaline conditions of the Kuyal-
nyk Estuary (KE) severely limit biodiversity [1-
2], as in many saline water bodies [3-5].

It should be noted that saline ecosystems
are widespread on all continents and have
distinct geochemical properties and biodiversity
of extremophiles, which provides invaluable
economic value (such as salt, Artemia cyst and
nauplii, chironomid larvae as a product of
aquaculture, Artemia as a promising new agent
for biomedical applications, etc.) [6-10].

In salt lakes and in particular in the KE,
A. salina is the dominant macrozooplankton [6,
11, 12]. Artemia populations are adapted to a
widele range of salinity (45-300 pps), tempera-
ture (<6 to 35°C), and to different ionic compo-
sitions of brine. Moreover, pH values which they
can tolerate vary from neutral to highly alkaline
During periods of higher water availability in the
estuary (2004-2005), of Ch. salinarius larvae
were recorded at a depth of 0.3-0.5 m in the
coastal zone.

It should be noted that since the KE is a
shallow water body, A. salina is mainly found in
bottom sediments, as well as chironomid larvae
(bloodworms) [12].

Among the live diets used in the
larviculture of fish and shellfish, nauplii of the
brine shrimp Artemia constitute the most widely
used food item. Chironomid larvae are also

excellent food items for both vertebrates and
invertebrates [6, 8, 10, 13-15].

Today, hypersaline ecosystems are
increasingly threatened by anthropogenic
pressures, such as pollution. Among the most
harmful pollutants are heavy metals, which are of
particular concern due to their toxicity, potential
to accumulate in the biomass of aquatic species
and in the food chain, causing ecological damage
and posing a threat to biota and human health
through bioaccumulation over time [16-19].

They include essential elements such as
copper, chromium, iron, an others, as well as
toxic metals such as lead, cadmium and mercury.

Heavy metal pollution of the aquatic
environment is determined by measuring their
concentration in water, sediments and living
organismes.

Our research has shown that in recent
decades, the content of heavy metals in the water
and sediments of the KE almost always reaches
excessive levels [20-21]. Some results for heavy
levels of metals in water plants from the KE are
presented in our work [22].

This article is the first to consider the
peculiarities of migration and accumulation of a
number of metals (Cu, Cr, Pb, Cd) in the
components (the invertebrates — A. salina (adult
brine shrimp, eggs) and Ch. salinarius larvae,
water, botton sediments) of the hypersaline KE
ecosystem.

Materials and methods

Materials for the study were simultane-
ously collected samples of A. salina salt shrimp
and eggs (cysts), Ch. salinarius larvae, water and
bottom sediments in the central part of the KE in
autumn 2004-2005 (Fig. 1).

The coordinates of the observation stations
were determined using GPS navigator.

Representatives of  invertebrates —
A.salina and Ch. salinarius belong to the type
Arthropoda, classes Branchiopoda and Insecta
and families Artemiidae and Chironomidae
respectively.

Collection, fixation and processing of the
collected material was carried out according to
standard hydrobiological methods [23].

The water temperature, dissolved oxygen,
pH, salinity were measured in situ.
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A portable conductometer ‘Sension 5’ and an
oximeter ‘Sension 6’ were used to determine the
mineralisation and dissolved oxygen in water
respectively. Water temperature was measured us-
ing a TL-4 glass thermometer with the scale of
0,1°C, pH — using a self-powered pH meter pH-
150 Ml at the time of sampling.

The content of heavy metals in water, bot-
ton sediments and biological objects was assessed
by atomic absorption spectrophotometry (electro-
thermal variant) using a «Saturn 3P» spectro-
photometer with a «Graphite 2.

For this purpose, appropriate sample
preparation was carried out: samples of water,
bottom sediments and hydrobionts were dried to a
dry residue at a temperature of +105°C. After that,
dry mineralization of the samples was carried out
in a muffle furnace at a temperature of
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Fig. 1 — Location of Kuyalnik estuary on the territory of Ukraine: 1 — Map of Ukraine (red arrow shows the geo-
graphical location of the KE); 2 — Kuyalnik Estuary and sampling station

450°C, followed by dissolution of the ash residue where Cbiota — concentration of heavy metals
in a nitric acid solution. in a bioobject,

The heavy metals contents were meas- CA(B) — concentration of heavy metals in
ured in the biomass of mature individuals of the water (bottom sediments).
brine shrimp and eggs A.salina and Ch. sa- Biota-water (BAFA) and biota-botton
linarius larvae. sediment (BAFB) accumulation factors, com-

Metal content was calculated in terms of monly used for the evalution of water and
dry matter. The concentration (C) of metals in sediments role in aquatic systems contami-nation,
water was expressed in mg/dm?, and in sedi- were determined for the considered metals.
ments and biological objects in mg/kg dry An important indicator in studying the
weight. mechanism of redistribution of pollutants from

The degree of metal accumulation in the aquatic environment to bottom sediments is
bioobjects was assessed by using the biological the bottom accumulation coefficient (CBA),
absorption faktor (BAF) [24-26]. Acumulation which is calculated using the formula [27]:
factors, were considered in order to estimate CBA = CB/CA

heavy metal contamination loads in biota.

BAF is the ratio of the concentration of ]
heavy metals in biota to the concentration of a bottom sediments,
environment (water, bottom sediments), which A correlation has also been found be-
is determined by the formula given below [26]: tween levels of heavy metals in the aquatic or-

BAFA(B) = Cbiota/CA(B) ganism and in water and in botton sediments.

where CB — concentration of heavy metals in

Results and discussion

A feature of hyperhaline KE is the signif- characterized by quick fluctuations in water
icant variability of the water regime. It is level and salinity. In terms of hydrochemistry,
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the KE is a reservoir sodium-chloride type
reservoir. The main cations are Na*, K*, Ca?>" and
Mg?*, and the main anions are Cl-, SO+* and
HCOs™.

During the sampling, the salinity of the
water in the central part of the KE water area
ranged from 109 to 160 %o, the pH value ranged
from neutral to slightly alkaline (7.3 to 7.8), and
the concentration of dissolved oxygen in the
water ranged from 6.6 to 10.1 mg/dm?, the tem-
peratura — ranged from 16 to 18 °C.

The maximum density of the shrimp
A.salina in plankton and eggs in the bottom
sediments during this period was 33600
units/m® and over 6 million units/m?, respec-
tively, and of Ch. salinarius larvae — 33600
units/m?,

The content of heavy metals in aquatic
organisms and their habitat (water, bottom sed-
iments) is presented in the figure 2.

In the water, the concentrations of heavy
metals were the lowest (Fig. 2).

rN
e (=}

-
o

Concentration
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Fig. 2 — Heavy metal concentrations in biota, botton sediments and estuary water

The levels of all trace elements tested
were significantly higher in the bioobject sam-
ples than in water. It should be noted that the
heavy metal content in the bottom sediments of
the KE was significantly higher than in water or
aquatic organisms (with the exception of lead in
biomass A. salina and chromium in A. salina
eggs and Ch. salinarius larvae). The accumula-
tion of heavy metals in bottom sediments is
usually caused by solubility in water, the
tendency of metals to adsorb on solid phases
and enter into complexation reactions. Which is
primarily related to the oxidising potential, tem-
perature, pH of the environment, organic matter
content etc.

Heavy metals in aguatic organisms also
varied depending on the species and the
developmental stage of the organism. More-
over, the concentrations of Pb and Cd were
highest in the sea shrimp A. salina, and Cr —in
the larvae of Ch. salinarius. Different species
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have varying sensitivities to heavy metals, and
the impact can also differ greatly at various
stages of developme. For example, Pb, Cu and
Cd were more abundant in the brine shrimp
A. salina; Cr — in the eggs (Fig. 2).

The obtained average indicators of heavy
metals in the components of the aquatic environ-
ment of the KE are the following regressive
series: Pb>Cu>Cr>Cd (water); Cu>Pb>Cr>Cd
(bottom sediments); Pb>Cu>Cr>Cd (brine
shrimps and eggs of A. salina); Cr>Cu>Pb>Cd
(larvae of Ch. salinarius).

For water KE, which is used for recrea-
tional purposes, excess content of lead and
cadmium.

The concentrations of toxic lead and
cadmium in biota do remain below limits
European Union standards for animal feed [28].

The biological accumulation factors bi-
ota-water (BAFA) and biota-bottom sediments
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Fig. 3 — The coefficient of biological accumulation of heavy metals by the A. salina (brine shrimp, eggs) and the
Ch. salinarius (larvae): 1 — BAFA, 2 — BAFB

(BAFB) of differept aquatic in_vert_ebrate groups 100-1000 — a high level of accumulation;
for the four metals is presented in Fig. 3. 30-100 — a medium/moderate level of ac-
The biological uptake coefficients (Fig. cumulation;

3) show that the bulk of the pollutants migrate

/ < 30 —a low level of accumulation.
to the biota from water.

The A. salina brine shrimp can accumu- . The higher the value of the BAF inan or-
late the most Cd from water, where as eggs ganism, the higher _the accumulation of heavy
A. salina and Ch. salinarius larvae can accumu- metals In tha¥ organism. - ., .
late the most Cr from water (see Fig. 3.1). Biological accumulation coeffluent_s (Flg.

The BAFB of Pb and Cr in A.salina 3) show that the bulk of pollutants migrate into bi-
(brine shrimp, eggs) was greater than 1. The ota from water.

BAFs of Cr in Ch. salinarius larvae was even The calculations of bioaccumulation
greater than 2 and BAFs of all other metals was coefficients (Fig. 3) and bottom accumulation
less than 1. (see in fig. 3.2). (Fig. 4) show that bottom sediments accumu-

Overal, BAFA and BAFB value greater late copper and cadmium more, and the studied
than 1 indicates that of metal may be accumu- hydrobionts — lead and chromium, which
lated in biota. indicates the ability to selectively accumulate

According to [29], the BAF > 1000 — a certain elements from water.

very high level of accumulation;
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Fig. 4 — The coefficient of botton accumulation (CBA) of heavy metals in the central part of the KE

There fore, the obtained results allow
stating that the ecosystem KE is significantly
polluted by heavy metals, especially lead, cad-
mium and chromium. This was adequately re-
flected in the levels of heavy metals accumula-
tion in aquatic organisms.

The analysis correlation showed that the
tightest positive relationship was observed be-
tween heavy metal concentrations in water and

biomass of the salt shrimp A. salina (r = 0.998).
The correlation between the concentrations of
heavy metals in water and larvae of Ch. salinar-
ius was minus 0.134, and a weak relationship
was observed between biota and botton sedi-
ments (r = 0.108-0.269). The correlation coeffi-
cient between the concentrations of heavy met-
als in the water and botton sediments of the KE
was 0.245.

Conclusions

This is the first study of the accumulation
of Cr, Cu, Pb, Cd in of biomass brine shrimps and
cysts (eggs) of A.salina and the Ch. salinarius
larvae from the Kuyalnyk Estuary.

Analysis of bioaccumulation coefficients
indicates the efficient transfer of heavy metals to
biota mainly from water.

It has been established that the brine shrimp
A. salina are concentrators of lead and cadmium
(BAFA - 98 and 13,8 respectively), and
Ch. salinarius larvae are concentrators of
chromium (BAFA —54,2).

Our research shows that concentrations of
toxic lead and cadmium do remain below limits
European Union standards for animal feed. Thus,
the biomass brine shrimp and eggs A. salina and
Ch. salinarius larvae from the Kuyalnyk estuary
are suitable as food for vertebrates and
invertebrates and are effective as bioindicators of
heavy metals in aquatic ecosystems.

The results obtained have theoretical and
practical significance for the preparation of
scientific and biological justifications for the use
of biological resources of the Kl and saline water
bodies in general.
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Mera. Busnauenns Bmicty psagy meraii (Cu, Cr, Pb, Cd) Ta nocmimkenHs ocobnuBocTelt ix mirpamii i

HaKOIMYEHHS B KOMITOHEHTax (;ka0bpoHori pauku Artemia salina, xiponomiaun Chironomus salinarius, Bona, 1oHHi
BifKiTazeHHs1) exocucteMu Kyspauipkoro mumany (Ki).
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Metoan. I'izpobGionoriuni, aToMHO-a0COPHIHHOI CcIIeKTPoOTOMETpii, aBTOMAaTH30BaHI METOIH aHANTI3Y,
CTaTUCTHYHI.

PesyabTatu: Ile nepmie nocmimkenns Hakormmaerus Cr, Cu, Pb, Cd y Giomaci xabpoBux pakomomiOHIX
A. salina ta muunnok Ch. salinarius, Bunydenux 3 rinepraiinaoro KysurbHAIBKOTO JTuMaHy. BusnaueHo, 1o ce-
penHi MOKa3HUKHU BMICTY BaXKKHX METaJIiB Y KOMIIOHEHTaX BOJHOTO CEpPEeIOBHIIA MIPEICTABICHI TAKIMH perpeciii-
HuMu psgamu: Boga: Pb > Cu > Cr > Cd ; Jlonni Biaknanenns: Cu > Pb > Cr > Cd; Pauku Ta ructu A. salina: Pb
> Cu > Cr > Cd; JInuunxu Ch. salinarius: Cr > Cu > Pb > Cd. IToka3aHo iHTEHCHBHE HAKONMYEHHS BaXXKHUX
METaNiB y JOHHUX Bimkmaznax, paukax A. salina ta muumukax Ch. salinarius mopisHsiHO 3 BOJIOIO, IIO MiATBEp-
JOKEHO KoedilieHTaMu JTOHHOI akyMyJisiii Ta GioHakormuenns. A. salina ta muuunku xiponomin Ch. salinarius e
e(eKTHBHUMHU KOHIICHTPATOPAMHU TOCTIKCHUX BAXKKHX METAJIB, 0COOIMBO CBHUHINO 1 XpoMy. BussieHo, mpo A.
salina inrencusnime Hakonuuye Pb ta Cd, Toxi sik Ch. salinarius naiibineiie akymysmoe Cr.

BucnoBku. ['inpo6iontu Kysumbaunskoro mumany (A. salina ta Ch. salinarius) € inpopmatusaumu 6ioid-
JTUKATOpPaMHU XiMI9HOTO 3a0pyTHEHHS BOJOWM BKKHMH METallaMH, 3 €(EKTHBHHUM IIEPEXO0M IIMX METAJiB 10
Oioti mepeBaxkHo 3 Boau. Konmentparrii Cd Ta Pb y mux oprasizmMax He MepeBHIIYIOTh JOITYCTUMUX PIiBHIB JJISA
KOpMIB TBapHH, IO BKa3y€ Ha iX MOTCHLIHHY Oe3MeUHICTh I BUKOpPHCTAaHHS. OTpUMaHi JaHI MarOTh 3HAUYCHHS
UL HAyKOBO-010JIOTIYHOTO OOTPYHTYBaHHS BHKOPHCTaHHs OiopecypciB KysIpHUIBKOTO JIMMaHy Ta 3aCOJICHUX
BOJIOMM 3arajioM.

KJIFOUYOBI CJIOBA: cinepeanunnuii KysnbHuybKuil IUMAaH, 6axicKi Memaiu, 600HI Oe3xpebemui op2ani-
3MU, KOHYEeHmMpPayis, KoeQiyichm 60N02INHO20 HAKONUYeHH S, OI0IHOUKAYIs
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