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ABSTRACT

There is a dearth of data about public health in the regular evaluation of heavy metal levels in seafood obtained from public
market. This study aimed to examine the levels of essential (copper, zinc) and nonessential metals (cadmium, lead) in the
tissues of cultured seabream (Sparus aurata), which was in public market. For this purpose, seabream samples were collected
from the public market. And then, copper (Cu), zinc (Zn), cadmium (Cd), and lead (Pb) metal accumulation levels in tissues
of the dissected gill, liver, kidney, and muscle were measured by inductively coupled plasma mass spectrometry (ICP-MS).
In order to understand whether the fish posed a risk to public health, risk evaluation formulations (estimated daily intake:
EDI, hazard coefficients: HQ, hazard index: HI) were calculated for the muscle tissue. The data showed that Zn, Cd and Pb
concentrations were maximal in the kidney tissue of S. aurata and Cu concentration were in the liver tissue, while the
minimum heavy metal levels were in the muscle tissue. As a result, the maximum levels of heavy metals in the edible tissue
of seabream were found as 0.11 mg Cu/kg wet weight, 0.72 mg Zn/kg wet weight, 0.12 mg Cd/kg wet weight, and 0.34 mg
Pb/kg wet weight. Maximum values of them do not indicate any health risks as they are lower than the allowable tolerable
levels specified by the international EDI estimation committees. The examined HQ and HI indicators were observed below 1
in all seasons. However, it is always possible for heavy metal intake to pose potential risks. For this reason, it is essential that
the results of the study be interpreted from different perspectives and taken into consideration by other scientists.
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1. INTRODUCTION

It is known that fish consumption has many beneficial and protective properties, especially for heart
health [1]. Moreover, regular intake of a rich fish oil supplement has been shown to regulate or alter
various metabolic processes connected with lipid metabolism, atherosclerosis, thrombosis, and
inflammation [2]. Consumption of fish meat is becoming more important every day because it is easier
to digest and contains more protein, minerals, vitamins, essential unsaturated fatty acid and especially
polyunsaturated fatty acid (omega-3-PUFA) compared to terrestrial organisms [3,4]. However, marine
ecosystems are being polluted by heavy metals day by day, and there is an increase in the
bioconcentration levels of heavy metals in the bodies of organisms [5,6]. Some heavy metals such as
cadmium, lead and mercury accumulate in tissues even at very low concentrations and cause toxic
effects, and these show non-essential properties for organisms [7]. On the other hand, copper-zinc in
structural and metabolic events which have biological importance in organisms are needed within
homeostatic control limits [8,9]. However, copper and zinc can cause public health problems such as
neurotoxicity if the tolerable limits for metabolism are exceeded [10]. In case of exceeding the
tolerated limits, heavy metals accumulate in the body and cause neurological disorders such as
Parkinson's and Alzheimer's, changes in hematological parameters, growth and development disorders,
and various metabolic organ function anomalies, which in turn result in a series of fatal health
problems [11]. The World Health Organization recommends regular monitoring of the levels of heavy
metals such as copper, zinc, cadmium, lead, mercury and aluminum in fish tissues [12]. Seabream
(Sparus aurata) is a commercially important fish species, and it is recommended to be monitored in
the environmental pollution risk analysis [13,14]. According to the Turkish Statistical Institute
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(TUIK), while the average fish consumption per person in Tirkiye was 5.49 kg in 2017, it increased
by 11.8% to 6.14 kg in 2018 [15]. The rates of toxic substances in food and their effects on human
health have been gaining importance in recent years [16]. To this end, the present study was firstly
aimed to evaluate the heavy metal accumulation levels in the tissues of S. aurata seasonally and to
monitor whether an abnormal situation occurred. Secondly, the study was intended to examine the
heavy metal levels in the edible muscle tissue of the fish to evaluate its public health risk level through
some risk evaluation calculations such as EDI (estimated daily intake), HQ (hazard coefficients), HI
(hazard index).

2. MATERIALS AND METHODS

2.1. Sampling Fish

A total of 72 S. aurata were obtained from the fish market of Osmaniye province in the winter, spring,
summer, fall and winter seasons of 2018 by random sampling method in the research. The total length
and total weight of the collected fish samples were measured on a clean bench that could not cause any
contamination. The total length measurement of the samples was carried out with =0.1 mm scale
caliper and the total weight measurement was carried out with a balance with +0.1g precision
(Sartorius BP-310S). Height and weight characteristics of the fish according to the seasons were 68.10
+5.20 g and 13.30 £1.10 cm for winter, 70.35+4.90 g and 15.25£1.15 c¢m for spring, 80.55+5.30 g and
20.30+1.30 cm for summer, 80.90+3.90 g and 28.25+0.90 cm for fall. The fish were then stored in a -
20 freezer until the metal analysis. All glass and polypropylene materials to be used in the experiment
were cleaned according to appropriate protocols to eliminate the presence of various chemical residues
[17].

2.2. Sample Preparation of Fish and Heavy Metal Analyses

Fish tissues were dissected, then left to dry in an oven (Memmert UFE 500, Germany) at 150°C for 48
hours. After the tissues came to constant weight, they were weighed by an electronic balance with a
precision of +0.001 g (Sartorius CP-2248). The tissues (about 0.5 g) were transferred to the
experiment tubes, and a mixture of 2:1 (v/v) nitric acid and perchloric acid (Merck, %65, S.G.; 1.40
and %60, S.G.; 1.53) was added to them, and the tissues were homogenized on the hot plate (Thermo
Scientific, 2200, USA) at 120°C for 3 hours [18]. Following the homogenization, the samples were
transferred to polypropylene tubes. The tubes were diluted to 5 ml with ultrapure water so that the
samples were ready for metal analysis. The samples were stored in the refrigerator at +4°C until the
time of analysis. Metal concentrations (Cu, Zn, Cd, Pb) in the samples were determined with the ICP-
MS Agilent 7500ce model spectrometer (Octopole Reaction Systems, Agilent Technologies, Japan).
The instrument calibration of metal analyses was performed according to C-5524 Sigma standards
(Sigma Chem. Co. St. Louis, USA). Standard solutions of the metals were diluted with ultrapure water
(Millipore Elix Milli-Q, resistivity 18.2 MQ/cm). The TORT 2 (Lobster hepatopancreas) standard
reference material was used to check the reliability of the measurements. The validation parameters of
analytic techniques are shown in Table 1.

Table 1. The validation parameters of analytic techniques of Cu, Zn, Cd and Pb.

Element  Recovery (%) Detection limit Quantification limit Relative standard R?
(ng/kg) (ng/ke) deviation (%)

Cu 95.60 0.60 2.01 3.07 0.99

Zn 97.70 2.45 8.27 3.75 0.99

Cd 91.70 0.45 1.55 2.01 0.99

Pb 95.05 0.35 1.20 2.10 0.99
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2.3. Risk Assessment Calculations and Statistical Analysis

The estimation of daily intake rate [(EDI)= (Celement X Drisn)BW?] equation was used to estimate the
daily intake (EDI) of metals (mg/kg body weight/day). The abbreviation Ceemen: in the formula refers
to the metal concentration in the muscle tissue (mg/kg wet weight (ww)), Dssh means the daily fish
consumption (g/person/day), and Bw (kg) represents the average body weight of the population
[19,20]. In Tiirkiye, the annual fish consumptions of an adult person of 70 kg was found to be 5.5 kg.
The hazard quotient [HQ = EDI/RfD] relation was used to calculate the hazard coefficient (HQ). It is
stated in the literature that if the HQ value is less than 1, it does not constitute a significant risk
potential; in contrast, if the HQ value is equal to or higher than 1, then it poses a potential risk for the
public health. The abbreviation RfD in the formulation refers to the oral reference doses for Cu, Zn,
Cd, and Pb, which are specified by the risk assessment information system [21] as 0.3, 0.7, 0.001 and
0.004, mg/kg/day, respectively. The RfD values were also utilized as the reference values in the
present study. The hazard index [HI=XHQs=HQcy+HQz:+HQcq+HQps] formulation was estimated as
the sum of the HQs for all the heavy metals in the formula. If the HI value of metals is less than 1,
then it is stated that the health of local fish consumers is safe, whereas, if the HI is equal to or greater
than 1, then it is stated that it is harmful for public health [22]. Evaluation of the samples studied in
triplicate for every season was performed in the Microsoft Office Excel 2010 program. Mean, standard
error, minimum and maximum values were calculated for the data which were grouped according to
the seasons. Statistical analysis of the data was carried out using the SPSS 20.0 statistical software
(IBM Corp., Armonk, NY, USA). Tukey multiple range test was used to determine whether the metal
concentrations varied significantly among tissues based on the season [23].

3. RESULTS AND DISCUSSION

Metal accumulation in tissues and organs of aquatic organisms varies depending on seasonal changes
[24], species of the organism [25], morphological structure of the organism such as length and weight
[26,27], environmental conditions such as physical and chemical condition of the aquatic ecosystem
[28]. The arithmetic mean and standard error values of the heavy metal levels in S. aurata tissues (gill,
liver, kidney and muscle) were calculated according to the seasons, and the variation in seasonal metal
levels were examined by calculating the sum of the squares of the deviations of the data from the
arithmetic mean. Accordingly, a summarized graphical representation of the arithmetic mean, standard
errors and statistical differences of the metals in the tissues was displayed in Figure 1.

The mean annual Cu, Zn, Cd and Pb concentrations in the gill tissue of S. aurata sampled in winter,
spring, summer and fall were found to be 0.16, 0.72, 0.12 and 0.25 mg/kg ww, respectively.
According to the seasons, Cu accumulation in the gill tissue was the most in the spring season, while
the accumulation of Zn was the most in the fall season (P<0.05). The highest accumulation of
cadmium in the gill tissue was observed in the fall season, but no statistical difference was observed
between the accumulation averages of cadmium in the fall and winter seasons and the accumulation
rates of lead in the spring and summer seasons (P>0.05). The heavy metal accumulation in the gill
tissue in the fall and winter season was in the form of Zn>Pb>Cd>Cu, while it was determined as
Zn>Cu>Pb>Cd and Zn>Cu>Pb~Cd in the spring and summer seasons, respectively (Figure 1). The
mean annual Cu, Zn, Cd and Pb concentrations in the liver tissue were 0.46, 0.90, 0.15 and 0.23 mg/kg
ww, respectively. Cu and Pb accumulation in liver tissue was found to be the highest in the spring,
while Zn and Cd accumulations showed the highest accumulation in the summer and fall seasons,
respectively (P<0.05). While the heavy metal accumulation was in the form of Zn>Cu>Cd>Pb in the
fall season, it was determined as Zn>Cu>Pb>Cd in other seasons (Figure 1). The mean annual Cu, Zn,
Cd and Pb accumulations in the kidney tissue were 0.29, 1.84, 0.30 and 0.47 mg/kg ww, respectively.
The Zn accumulation in the kidney tissue showed the highest accumulation in the summer while the
highest accumulations of Cu, Cd and Pb were detected in the fall season compared to the other seasons
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(P<0.05). The heavy metal accumulation sequence in the kidney tissue was observed as
Cd>Cu>Zn>Pb in the winter, Zn>Pb>Cd>Cu in the spring, and Zn>Pb>Cu>Cd in the summer and fall
(Figure 1).
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Figure 1. Mean and standard error of heavy metal concentrations in gill, liver, kidney and muscle tissue of S.
aurata in different seasons. Letters X, y, z and t show differences among Cu, Zn, Cd, Pb metals; a, b, ¢
and d among winter, spring, summer, fall seasons.
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The mean annual Cu, Zn, Cd and Pb concentrations in the muscle tissue of S. aurata were found to be
0.07, 0.38, 0.08, 0.21 mg/kg ww, respectively. Cu and Zn accumulations in the muscle tissue were
determined to be the highest in the winter season, while the highest accumulation of Pb was identified
in the fall season (P<0.05). Cadmium showed the highest accumulation in the summer season, while
statistical difference for the cadmium accumulation was observed only between the spring and
summer (P<0.05). The heavy metal accumulation of the muscle tissue showed Zn>Pb>Cu>Cd
sequence for winter, spring and fall, while it was Zn>Pb>Cd>Cu for summer (Figure 1). Among the
heavy metals examined in 10 species including S. aurata, zinc was the most detected metal [29], and
similarly, the presence of zinc was found at the highest level in our study.

Heavy metals in the contaminated aquatic ecosystem lead to bioaccumulations in various organs and
structural units of fish from the food web or in the aquatic environment over time [30]. In a previous
study, it was reported that there were significant differences between the metal bioaccumulation levels
in fish tissues (P<0.05), and that the metal accumulation was higher in the liver and gill organs than in
other organs [30,31]. Since metabolic rates of large internal organs such as the liver and kidney are
higher than other organs, the heavy metal accumulation in these organs increases in parallel. The
negatively charged surface of the gill tissue in fish tends to bind to many positively charged metals
[32]. Heavy metals enter aquatic organisms through two metabolic routes: the gills and muscle tissue.
Therefore, metal concentrations in these tissues and organs are mostly reflected as an indicator of the
ambiance in the aquatic ecosystem [33]. In environmental monitoring studies of heavy metal pollution,
various concerns may be stated about the frequency and persistence of being affected by contaminated
heavy metals due to the consumption of the muscle tissue of fish. However, if the muscle tissue
compared to other soft organs does not have an active structure in the metal accumulation, this
situation may be related to low metal binding proteins [34]. This situation is explained in many studies
by the fact that the muscle tissue of the fish has less metabolic activity compared to other organs,
together with less heavy metal accumulation [31, 35]. The high concentrations of heavy metal
determined in the liver tissue of aquatic organisms are due to its high metallothionein production,
which has made it an important storage organ as an indicator of chronic metal exposure [31]. In
aquatic ecosystems, the entrance of heavy metals to the structure of organisms in the food chain occurs
in two ways: the first is directly supplied to the organism through the digestive tract, while the other is
by external means such as the muscles and gills [33]. The direct route of uptake of heavy metals from
the aquatic ecosystem is more effective because the gills are the main target organ of heavy metal
poisoning in fish [36]. The orders of annual metal accumulations according to tissues of the seabream
were observed as kidney>liver>gill>muscle for both Zn and Cd, liver>kidney>gill>muscle for Cu, and
kidney>gill>liver>muscle for and Pb, in the current study (Figure 1).

In this study, the minimum and maximum levels of metals in the muscle tissue differed between the
following ranges, respectively; 0.01-0.11 mg Cu/kg ww, 0.25-0.72 mg Zn/kg ww, 0.05-0.12 mg Cd/kg
ww and 0.18-0.34 mg Pb/kg ww (Table 2). Average Cu, Zn, Cd and Pb concentrations in the seabream
muscle samples taken from public aquaculture fish in Osmaniye province were found to be far below
the maximum levels allowed for fisheries by international organizations (Table 3). Heavy metal
samples in the seabream samples obtained from the coastal locations of the Black Sea [29] and the
Mediterranean Sea in Tiirkiye (Table 3) had higher content than the heavy metal levels of the samples
in this study. These values in the present study were within the limits set by the Turkish Food Codex
Commission Regulation [37]. In a previous study, it was reported that the average values of heavy
metals such as total As, Cd, Cu, Pb and Zn in farmed fish were lower than in the wild fish, and the Cd
concentration was higher in farmed fish [38]. Table 3 partly shows that the cultured fish in this study
differed from wild species.

The HI index of heavy metals in wild and farmed seabream sampled from the Algerian coast was
determined to be less than one [38]. It has been stated that the consumption of farmed fish
Dicentrarchus labrax and S. aurata analyzed from fish farms in different locations of the
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Mediterranean does not pose a serious threat to human health and the fish are in a consumable
condition [39]. The international legal limits and indices of trace elements (Ag, Al, As, Ba, Bi, Cd, Cr,
Cu, Fe, Li, Mn, Mo, Pb, Sb, Se, Sn, U, V, Zn) in muscle tissues of cultured seabream examined from
the Corsican Coasts of the Northwestern Mediterranean were determined to be below the levels that
could pose a risk to human health. It was also reported in this study that some elements (As etc.) found
in wild S. aurata should be consumed in moderation considering their carcinogenic risks [40]. These
results in the literature are consistent with the current study with S. aurata (Figure 2).

Table 2. Minimum and maximum metal concentrations in muscle tissue of S. aurata in different seasons.

Heavy Metals Winter Spring Summer Eall
(mg/kg ww) min-max min-max min-max min-max
Cu 0.11-0.12 0.01-0.02 0.03-0.06 0.01-0.02
Zn 0.35-0.58 0.25-0.72 0.26-0.43 0.29-0.31
Cd 0.08-0.10 0.07-0.07 0.05-0.12 0.07-0.11
Pb 0.18-0.20 0.19-0.20 0.16-0.21 0.24-0.34
0.003 EDI
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Figure 2. Public health risk values of heavy metals in S. aurata from public market in Osmaniye (Tlrkiye).
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Table 3. The maximum limits of heavy metals accepted by international organizations in fishery
products and comparison of heavy metal’s concentrations in muscle of S. aurata with other
studies (BDL: Below Detection Limit)

Heavy Metal (mg/kg ww)
International organizations Cu Zn Cd Pb Reference
U.S. Food and Drug Administration 150 100 0.20 1.50 [41]
World Health Organization 30 100 1 2 [42]
Turkish Food Codex 20 50 0.50 0.30 [37]
Other studies

Tuzla Lagoon (Wild fish) 0.55 - 0.12 1.11 [31]
Beymelek Lagoon (Wild fish) 431 7.09 - - [43]
Kayseri Province (Market fish) 0.90 33.80 1.24 BDL [44]
Tirana Province (Wild fish) - - 0.35 0.10 [45]
Iskenderun Bay (Wild fish) 6.23 14.35 1.25 3.83 [46]
Elaz1g Province (Market fish) 1.19 6.27 0.18 0.44 [47]
Aegean Sea (Cultured fish) BDL 4.99 BDL BDL [48]
lonian Sea (Cultured fish) BDL 7.02 BDL BDL [48]
Adriatic Sea (Cultured fish) 0.39 4.70 0.01 0.10 [49]
Aegean Sea (Cultured fish) 0.36 2.12 - - [35]
Hurmabogazi Lagoon (Wild fish) 1.33 111 0.13 0.52 [50]
Camlik Lagoon (Wild fish) 0.88 4.92 0.64 0.45 [51]
Tuzla Lagoon (Wild fish) 0.39 6.91 0.30 0.32 [51]
Corsica Mediterranean Sea (Wild fish) 0.20 3.55 0.002 0.006 [40]
Corsica Mediterranean Sea (Cultured fish) 0.49 4.34 0.004 0.013 [40]
Croatian (Market fish) 0.94 - 9.4 - [52]
South Adriatic-Montenegro (Wild fish) 0.17 - <0.02 <0.1 [53]
Cassidaigne canyon (Wild fish) - - BDL - [54]
South Italy (Wild fish) 0.17 0.17 0.04 0.08 [55]
Mediterranean Sea (Wild fish) 0.29 4.13 0.002 0.004 [38]
Mediterranean Sea (Market fish) 0.07 0.38 - - [56]
Maximum value detected, (Public market- 0.11 0.72 0.12 0.34 In this study
Cultured fish)

4. CONCLUSION

The present study focused on checking the quality of seabream fish in terms of the copper, zinc,
cadmium and lead contents. Considering the protein starvation all around the world, seabream is
considered a delicious and economically valuable fish. The quality indicators examined in this study
showed that seabream is a safe seafood product for consumption given that the calculated data
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indicators (HQ and HI) were below 1 for all seasons (Figure 2). As far as we know, there is still no
known scale indicator for the content of heavy metals studied in fish in many countries. Hence, a basic
comparison was made by taking into consideration the evaluations in our country. However, when
dietary regimens and individual morphological structures are taken into account, what is not a risk for
one country may pose a risk for another. Therefore, the acceptable levels of heavy metals should be
considered according to the references specified by the Food and Drug Administration (FDA) and the
World Health Organization. With this regard, it was concluded that Cu, Zn, Cd and Pb levels in fish
species were lower than the maximum levels, but further studies are needed to monitor the course of
heavy metals over time.
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