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Abstract. Major part of healthy human diet consist of marine fish and seafood products. And it is not surprising
that there are numerous studies based on metal accumulation in various fish species. Fish may also be used for
heavy metal monitoring programs of marine environments due to their easy sampling, sample preparation and
chemical analysis. Concentrations of lead, cadmium, nickel, copper, manganese, zinc, iron, chromium, total
mercury and total arsenic were determined in edible part of two commercially valuable fish Greek aquaculture
species European sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) purchased from
Bulgarian market during 2011. The concentration of metals was measured by atomic absorption
spectrophotometry (AAS). The concentration of the heavy metals in examined fish species ranged as follow: Pb
0.008 — 0.013; Cd 0.0017 — 0.022; Ni 0.007 — 0.012; Cu 0.054 - 0.115; Mn 0.043 — 0.09; Zn 0.14 — 0.15; Fe 0.17
—0.19; Cr 0.05 - 0.07; Hg 0.11 - 0.13; As 1.6 - 1.8 mg kg™ wet weight, respectively.

The concentration of the heavy metals obtained from this study is compared with the results of a Black Sea
bluefish (Pomatomus saltatrix) caught during the same year. The concentration of metals was significantly
affected by the sampling site and fish species. Difference in the heavy metal concentration between European sea
bass, gilthead sea bream is observed for Cu, Mn, Zn and Fe. Although, the heavy metals in the edible parts of the

investigated fish were in the permissible safety levels for human uses.
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1. Introduction

Anthropogenic activities introduce large amount
of pollutants into the marine environment leading to
significant and permanent disturbances of these
pollutants in marine biological systems [1, 2]. This
is especially valid for costal zones, as these are
considered as the main sinks of almost all pollutants
introduced by humans. Metals in marine
environments are ecotoxicologically significant
since they are highly persistent and toxic even in
traces. Contaminants, such as heavy metals, occur
naturally in the environment. It is of a great
importance to be able to distinguish anthropogenic
contamination from background or natural levels in
order to accurately evaluate the degree of
contamination in a particular area [2].

Today the wuse of marine organism as
bioindicators for heavy metals pollution in trace
amounts is very common. Algae, molluscs and
fishes are among the organisms most used for this

purpose [2]. Fishes are good indicator for trace metal
accumulation since the concentration of these metals
is thousand times higher than the corresponding
concentration in marine waters [2].

Monitoring of environmental quality uses
biological species for evaluation of the biologically
available levels of contaminants in the ecosystem
and their effects on living organisms [2]. Thus, the
use of biomonitors eliminates the need for complex
studies on the chemical speciation of aquatic
contaminants [1].

The Black Sea is considered as one of the most
polluted seas in the world since it is closed sea and
with anoxic waters (below 180 m). Moreover, it
receives freshwater inputs from some of the largest
rivers in Europe (the Danube, the Dniester, and the
Dnieper) which also contribute to its high degree of
eutrophication and persistent pollutants [3, 4].

Aegean Sea is one of the main parts of the
eastern Mediterranean [1]. In the north, it is
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connected to the Marmara Sea and Black Sea by the
Dardanelles and Bosporus [5].

The objective of this work is to evaluate the
concentration of some toxic elements (As, Hg, Pb,
Cd and Ni) and essential elements (Cu, Mn, Zn, Fe
and Cr) in edible part of three pelagic fish species
(European sea bass, gilthead sea bream and Black
Sea bluefish) purchased from local Bulgarian market
and to provide information on the marine
environmental quality using fish samples as
bioindicators of the degree of pollution.

2. Experimental

2.1. Sampling

The fish samples were purchased from the local
market. The two commercially valuable fish Greek
aquaculture  species  European  sea  bass
(Dicentrarchus labrax) and gilthead sea bream
(Sparus aurata) originates from Aegean Sea and are
considered as fine foods. The Black Sea bluefish
(Pomatomus saltatrix) was caught from the region of
Varna, Bulgaria. The fish species were sampled
during November 2011.

Table 1. Biometric data (mean + SE) of the analysed
fish (Legend: AS-Aegean Sea; BS-Black Sea)

Sample Region | N|  Weight Length
(9)+SD (cm)+SD
European AS 4| 831.1+62.2 | 43.3£7.6
sea bass
(D.labrax)
Gilthead AS 6| 538.3+£40.6 | 43.3+1.9
sea bream
(S.aurata)
Black Sea BS 3] 209.6+£53.5 | 204+8.6
bluefish
(P.saltatri)

2.2. Reagents and standard solutions

All solutions were prepared with analytical
reagent grade chemicals and ultra-pure water (18
MQ cm) generated by purifying distilled water with
the Milli-QTM PLUS system. HNO; was of
suprapur quality was purchased from Fluka™
Germany. All the plastic and glassware were cleaned
by soaking in 2 M HNO; for 48 h, and rinsed five
times with distilled water, and then five times with
deionised water prior to use. The stock standard

solutions of Cd, As, Ni and Pb (1000 pg mL™") were
Titrisol, Merck in 2% v/v HNO5; and were used to
prepare calibration standards.

2.3. Sample digestion

Fish samples are thoroughly washed with MQ
water. The fish specimens were dissected and
samples of fish fillets quickly removed and washed
again with MQ water. To assess the total metal
contents, microwave assisted acid digestion
procedure was carried out. Microwave digestion
system “Multiwave”, “Anton Paar” delivering a
maximum power and temperature of 1000 W and
300 °C, respectively, and internal temperature
control, was used to assist the acid digestion process
(Table 2).

Table 2. Microwave digestion system general
parameters

Microwave digestion system “Multiwave”,
“Anton Paar” Acid mixture

HNO, 6.5 mL
Temperature (max) 300 °C
Pressure (max) 75 bar
Quartz vessels HQ 50
Sample amount 19

Final volume 10 mL

Reactors were subjected to microwave energy at
800 W in five stages program described below
(Table 3).

Table 3: Microwave digestion system operational
parameters

Initial Time Final
Step | power . power
(min)
(W) (W)
1 100 5 600
2 600 5 600
3 600 5 800
4 800 15 800
5 0 15 0

Determination of As was performed using
Electrothermal AAS carried out on a Perkin Elmer
(Norwalk, CT, USA) Zeeman 3030 spectrometer
with an HGA-600 atomizer. Pyrolytic graphite-
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coated graphite tubes with integrated platforms were
used as atomizers (Table 4).

Determination of Fe, Mn, Cu and Zn was done
by Flame atomic absorption spectrometry.
Measurements were carried out on a Perkin Elmer
(Norwalk, CT, USA) Zeeman 1100 B spectrometer
with  air/acetylene flame. The instrumental
parameters were optimized in order to obtain
maximum signal-to-noise ratio.

Determination of Hg was done by Milestone
Direct Mercury Analyzer DMA-80 (Fig. 1).

A DORM-2 (NRCC Canada) certified dogfish
tissue was used as the calibration verification
standard. Recoveries showed good agreement
between the certified and the analytical values, the
recovery of elements being partially complete for
most of them. For DORM-2 this recovery was in the
range of 93 (Zn) up to 109 % (Cd)

2.4. Statistical analysis

The whole data were subjected to a statistical
analysis. Student’s-test was employed to estimate
the significance of values.

3. Results and Discussions

Two groups of elements were established for all
the data obtained. One group contained elements
known to be essential to life and to be present in all
animal tissues, e.g. Mn, Fe, Cu, Cr and Zn (Fig. 2).

Table 4: Instrumental parameters for HGA 600

The second group of elements are non-essential,
namely Hg, Ni, Pb, As and Cd, reflect an exogenous
influence that may be related to environmental
pollution [8]. These elements are referred to as toxic
elements and their concentrations for the studied
samples are displayed in Fig. 4.

The accumulation patterns tend to vary among
species based on their behavior and feeding habits
[9] which are in accordance with the results in this
study.
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Figure 1. Steps and conditions for total mercury
determination in fish by DMA-80

Parameter Drying Ashing Atomization Cleaning
Temperature, °C 150 var var var
Ramp time, s 10 20 0 1
Hold time, s 10 60 2
Read on
Ar flow, mL min! 300 300 0 300
Element Ashing Optimal atomization Cleaning
As’ 1000 2200 2300
Cd* 400 1900 2000
Ni 1100 2300 2400
Pb 500 2000 2100
Cr 1200 2400 2500

» modifier Pd as (NH,),PdCl,
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Figure 2. The mean metal concentration of the
analyzed essential elements (mg/kg w.w £ SD) in the
tissues of sea bass, sea bream and bluefish

In D. labrax mean As (1.8 mg/kg w.w.) and Hg
(0.13 mg/kg w.w.) concentrations appear
considerably higher in the muscle, followed by the
concentration of S. Aurata (1.6 mg/kg w.w and 0.11
mg/kg w.w, respectively)

Fe, Zn, Cu and Mg are essential elements and
they play a virtual role in biological systems. The
non-essential metals as Cr, Pb, Ni and Cd are toxic
even at trace amounts [1]. The essential metals can
also produce toxic effects when the metal intake is
excessively elevated [6]. According to European
Union only three metals (Pb, Hg and Cd) have been
included in the regulation for hazardous elements
[7]. Additionally, USFDA expands that list with
another three elements (As, Ni and Cr) [8].

The concentration of the essential elements in
this study is higher for the marine fish species. The
predominant element is Zn followed by Fe, Cu and
Mn. On the other hand the concentration of Cr for
both fish species caught from Aegean Sea is higher
than that of Black Sea bluefish.

Iron concentrations in fish species ranged from
0.17 mg/kg metal w.w in the muscle of sea bass to
3.28 mg/kg metal w.w in the muscle of bluefish.
These values are lower or within those measured in
some edible fish by other authors. Carvalho et al. [9]

Figure 3. The mean metal concentration of the
analyzed toxic elements (mg/kg w.w = SD) in the
tissues of sea bass, sea bream and bluefish

obtained Fe values in fish species ranged from 6.4
pg/g (forkbeard) to 16 pg/g (axillary sea bream), but
the highest concentration was observed for octopus
(109 pg/). Concentration in the literature were
reported between 59.6 and 73.4 mg/ kg for muscles
of fish from Mediterranean Sea [10], 30-160 mg/kg
for muscles of fish from the Black Sea coasts [11]
and 9.52-32.40 mg/kg dry weight in fish samples of
the middle Black Sea (Turkey) [6]. The iron content
in fish samples depends on species, individuals, and
sampling period. High concentration of iron could
depend on the individual diet of the fish species as
well as its habitants. Our iron concentrations were
generally in agreement with the literature data.

The manganese values in our study were
between 0.043 and 0.25 mg/kg w.w. Manganese has
been reported in the range of 1.30-3.10 mg/ kg for
muscles of fish from Iskenderun Bay [12]. In an
another study of Iskenderun Bay [1], manganese was
detected in almost all the samples and the
concentration ranged from 1.04 to 8.77 nug/g metal
w.w., with the highest concentration rate detected in
T. lucerna tissues. Total daily intake varies from 2.5
to 7 mg for humans [13].

Copper concentrations varied from 0.054 mg/kg
w.w in sea bream to 0.37 mg/kg w.w in Black Sea
bluefish. The concentrations in muscles of the
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samples were below the toxic limit of 30 mg/ kg
[14]. As copper is an essential part of several
enzymes and necessary for the synthesis of
haemoglobin, most marine organisms have evolved
mechanisms to regulate concentrations of this metal
in their tissues in the presence of variable
concentrations in the ambient water, sediments, and
food [1].

Zn is very useful in biological system. It plays
role in normal immune function, sexual functions
and neurosensory function. Zinc is toxic above the
limit of 50 w.w. in muscle tissues of different fish
species [15]. It is believed to have a protective effect
against the toxicities of Cd and Pb. In this study the
zinc content in the samples ranged from 0.14 mg/kg
w.w. in Aegean Sea bream up to 4.01 mg/kg w.w. in
Black Sea bluefish and it is within the values set by
Bulgarian Food Codex (the maximum zinc level
permitted for fishes is 50 mg/kg) [10].The range of
that concentration in the literature is from 20.8 to
47.6 ng/ g w.w., with a high level in skin of T.
Lucerna (47.6 ng/ g w.w.) and L. budegassa (43.8
pg/ g w.w.) samples [1] and 4.49-11.6 mg/kg for
muscle tissues of various fish species from
Marmara, Aegean and Mediterranean Sea [17].

Chromium is microelement that paly role in
glucose metabolism. It was detected in all the
analyzed samples, with the highest concentration
(0.07 mg/kg w.w.) in muscle of D. labrax but the
values were within the limits of 0.3 mg/kg set by
Bulgarian Food Codex [16].

Cd is a widely distributed contaminant
introduced in the environment through the urban and
industrial activities and transported in the air. The
upper limit allowed for fish muscle is 0.05 mg/kg
w.w. according to EU legislation and FAO/WHO [7,
14]. The concentrations for all the sample muscles
analysed (0.0017 - 0.022 mg/kg w.w.) were below
the value set by various institution. In our previous
study on heavy metal pollution in muscle tissue of
bluefish, the cadmium levels were below 0.07 mg/kg
fresh weight [18]. Cadmium concentration in
literature has been reported as follow: 0.02-0.37
mg/kg for edible part of fishes caught from
Marmara, Aegean and Mediterranean seas in Turkey
[17] and 0.002- 0.02 mg Cd kg™ fresh weight for
species from Adriatic Sea [19].

Mean nickel concentrations ranged from 0.007
mk/kg w.w. in sea bream to 0.015 mg/kg w.w.

bluefish. These results are similar to those reported
in the literature: 0.54 to 1.84 pg/g w.w. in the three
fish species from Iskenderun Bay, Black Sea,
Turkey [11], 0.06-0.39 mg/kg in muscles of fish Ria
de Averio, Portugal [20]. However, Ni levels in the
present study were lower than those reported in
fishes from the Atlantic [21] and from the
Mediterranean seas [22].

Arsenic concentrations varied from 1.02 mg/kg
for bluefish to 1.8 mg/kg for sea bass; however,
these values are well below the maximum level
permitted for fishes according to Bulgarian
standards (5.0 mg/kg fresh weight) [16]. Tuzen [6]
had measured an arsenic concentration in different
fish species from Black Sea as follows: 0.15 + 0.01
pg/g for Psetta maxima; 0.27+0.02 pg/g for
Pomatomus saltator, 0.23+0.01 pg/g for Mugil
cephalus, 0.14+0.01 pug/g for Sarda sarda,
0.18+0.02 pg/g for Trachurus trachurus and
0.17£0.01 pg/g for Sprattus sprattus. The
concentration of arsenic reported in fish species
from Adriatic Sea ranged of 0.56 to 10.03 mg/kg
fresh weight [19] and up to 1.74 pg/g w.w. in the
muscle of S. Lascaris in Turkish part of the Black
Sea [1].

The lead contents were 0.008 mg/kg w.w. for
Aegean sea bream to 0.04 mg/kg w.w. for Black Sea
bluefish. Lead in the literature have been reported in
the range of 0.33-0.93 mg/kg in muscles of fish from
Black and Aegean seas [23], 0.01-0.15 mg/kg in
muscles of fish from Ria de Averio, Portugal [20].
The Joint FAO/WHO Expert Committee on Food
Additives established a Provisional Tolerable
Weekly Intake (PTWI) for lead of 0.025 mg/kg body
weight/week [7] which was equivalent to 1.725
mg/week for a 70 kg adult.

Mercury is a known human toxicant and the
primary sources of mercury contamination in man
are through eating fish [24].The lowest and highest
mercury levels in fish species were found as 0.11
mg/kg in Black Sea bluefish and Aegean Sea bream
and 0.13 mg/kg in Aegean Sea bass. The maximum
Hg level permitted for fishes is 0.5 mg/kg according
to Bulgarian Food Codex [16]. The PTWI is 5 mg
total mercury kg™ body weight (bw) and 3.3 mg
methylmercury kg bw was reduced to 1.6 mg
methylmercury kg™ bw [25] and could be exceeded
depending on the species and quantity consumed.
Mercury levels in analyzed fish samples were found
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to be lower than legal limits. In the literature
mercury levels in fish samples have been reported in
the range of 0.01- 0.50 pg/g in marine fishes in
Malaysia [26] and 25-84 pg/kg for fishes from Black
Sea [27].

4, Conclusions

This study was carried out to provide
information on heavy metal concentrations in edible
part of different fish species from Aegean Sea and
Black Sea purchased from the local markets in
Bulgaria. All results showed that the highest levels
of essential metals were determined in the species
from Black Sea while the toxic elements were higher
in the fish species from Aegean Sea. However, the
results for essential and toxic metals are below the
limit values for fish and it may be concluded that
consumption of these species from both region is not
a problem for human health.

Although the concentrations of the analysed
toxic elements for fish samples from Aegean Sea
and Black Sea are below the official limits set for
fish, a potential danger may emerge in the future,
depending on the domesticwaste waters and
industrial activities in the region.

Additionally the fishes cover this study represent
good biomonitors of metals present in the
surrounding environment.
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