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Abstract Edible muscle tissues of Solea solea, Mullus
barbatus, and Sardina pilchardus marketed in Mersin
were analyzed for their Cr (total), Mn, Fe, Ni, Cu, Zn,
As (total), Cd, Sn, and Pb levels. Metal levels of the
tissues were determined using inductively coupled
plasma-mass spectrophotometric (ICP-MS) methods.
Muscle levels of Cr, Mn, Fe, Ni, Cu, Zn, As, Sn, and
Pb were determined as 0.19–2.80, 0.08–3.88, 0.93–
25.76, 0.03–0.63, 0.01–1.96, 1.28–45.95, 0.49–25.26,
0.14–4.03, and 0.02–1.37 mg kg−1 w.w., respectively.
Cadmium levels were below detection limits in all the
muscle samples taken. Mean metal levels of the tissues
were compared with the provisional tolerable daily
(PTDs) and weekly (PTWIs) intake limits. Mean metal
levels taken by the consumption of analyzed tissues
were below PTDs and PTWIs; hence, the fish species
studied do not pose any risk for human consumption
from the point of heavy metals.
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1 Introduction
Demand for aquaculture products increased with increasing living standards especially after the realization
of health benefits of these products on human health
(Kalogeropoulos et al. 2012). Hence, apparent world
fish consumption per capita increased from an average
of 9.9 kg in the 1960s to 19.2 kg in 2012 (FAO 2014).
Dieticians state the need to consume aquatic products
regularly since these edibles contain various highquality proteins, minerals, essential amino acids, and
fatty acids such as omega-3 (n-3) which lower risk of
various kinds of cancer, type 2 diabetes, and heart attack
(Guérin et al. 2011). Among the animal-based foods,
however, aquatic animals are in direct contact with
chemical contaminants and accumulate them to higher
concentrations in their tissues (Cirillo et al. 2010).
Large water masses both fresh and marine are polluted with heavy metals mainly due to anthropogenic
inputs (Bettini et al. 2006) and have become a health
risk for human themselves. They can be found as dissolved, suspended in water or deposited on sediments
where they are taken by aquatic organisms and transferred up to humans through food chain (Cirillo et al.
2010).
Essential elements such as Cr (III), Cu, Fe, Mn, Ni,
Sn, and Zn are needed in trace amounts for various
biochemical and enzymatic reactions whereas toxic
metals such as As, Cd, Cr (VI), and Pb have no biological function at all (Miedico et al. 2015). Heavy metals
are shown to have pathogenic effects (Cirillo et al.
2010). Cr+6 compounds show mutagenic effects in
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mammals and are known as carcinogens of circulatory
system. High levels of Mn, Cu, and Zn can cause
hepatic, renal, cardiovascular, and neurologic disorders
in humans and similar symptoms were observed when
exposed to low levels of Cd, As, and Pb (Eisler 2000).
Fish are constantly exposed to chemicals in polluted and contaminated waters and have been found
to be good indicators of heavy metal contamination
in aquatic systems; hence, they occupy different
trophic levels and are of different sizes and ages
(Ikem and Egiebor 2005). Heavy metals are shown
to accumulate mainly in liver and to a less extent in
muscle tissues in various fish species (Guerin et al.
2011; Kalogeropoulos et al. 2012).
Presence and the amount of toxic materials in food
and their effects on human health are becoming more
important in recent years. Hence, the main concern of
researchers working on the subject is Bfood safety^ and
keeping food quality in acceptable limits for human
consumption. Levels of Cr (total), Mn, Fe, Ni, Cu, Zn,
As (total), Cd, Sn, and Pb were determined in muscle
tissues of S. solea, M. barbatus, and S. pilchardus
marketed for consumption in Mersin and compared with
tolerable daily and weekly limits together with their
reliabilities as far as the human health is concerned.

2 Materials and Methods
2.1 Sample Collection and Preparation
The selected three fish species are consumed regularly
by local people and were obtained from three different
supermarkets. Eight samples of each species were taken
from each market totaling to 72 fishes to be analyzed.
Samples were taken to the laboratory and were dissected
for their muscle tissues. An average of 0.5-g muscle
tissue was taken from each fish which were kept at
− 4 °C until metal analysis. The mean length and weight
of the fish samples are given in Table 1.
2.2 Metal Analysis
Muscle tissue from each fish was transferred to a petri
dish after being wet weighed and dried at 150 °C for
48 h. Dried tissues were reweighed and were added
2 mL nitric acid (HNO3, % 65, S.W.: 1.40, Merck) and
1 mL perchloric acid (HClO4, % 60, S.W.: 1.53, Merck)
mixture in experimental tube and were wet digested on a
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Table 1 Mean weight and length of S. solea, M. barbatus, and
S. pilchardus sampled from three markets in Mersin, Turkey
Species

Weight
(g)
Length
(cm)

S. solea
(n = 24)

M. barbatus
(n = 24)

S. pilchardus
(n = 24)

X ±SD*

X ±SD*

X ±SD*

163.7 ± 19.7

60.94 ± 5.19

53.72 ± 6.86

26.11 ± 0.87

16.29 ± 0.66

18.51 ± 0.76

n = total fish samples for each species
*X ±SD = mean ± standard deviation

hotplate at 120 °C for 8 h. They were then transferred to
polyethylene tubes and their volumes were made up to
10 mL using deionized water. Samples were passed
through a 0.45-μm membrane filter before analysis.
Metal levels in tissue samples were determined using
ICP-MS (Octopole Reaction System, Agilent Technologies, Agilent 7500 ce) techniques. The operating conditions of ICP-MS are given in Table 2.
Metal levels of the tissues were determined using
their dry weight (mg kg−1 d.w.) which were then converted to wet weight values (mg kg−1 w.w.) by using
moisture content for each sample (El-Moselhy et al.
2014). Analysis was carried out in triplicate. Control
samples were prepared from fish tissue homogenate
(IAEA-407) (Anon 2003) for recovery purposes and
the recovery values for Cr, Mn, Fe, Ni, Cu, Zn, As,
Cd, Sn, and Pb were measured as 99.64, 87.74, 96.29,
91.79, 93.63, 93.06, 99.5, 97.2, 96.07, and 96.59%,
respectively. Six standards with standard linear regression were used for each metal. Validation parameters for
the method used are given in Table 3.

Table 2 ICP-MS (Agilent 7500ce) operating conditions
RF power

1500 W

Plasma gas flow rate

15 L min−1

Auxiliary gas flow rate

1 L min−1

Carrier gas flow rate

1.1 L min−1

Helium collision gas flow rate

mL min−1 (not used)

Spray chamber T

2 °C

Sample depth

8.6 mm

Sample introduction flow rate

1 mL min−1

Nebulizer pump

0.1 rps

Extract lens

1.5 V
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Table 3 Validation parameters of the analytical method
Metal

LOD (ng g−1)

LOQ (ng g−1)

RSDr %

R2

Cr

1.14

3.81

2.44

0.9999

Mn

0.23

0.78

3.28

0.9999

Fe

1.52

5.06

4.61

0.998

Ni

0.68

2.26

1.51

1

Cu

0.61

2.02

3.05

0.9999

Zn

2.48

8.27

3.77

0.9997

As

0.51

1.71

2.35

1

Cd

0.46

1.52

1.99

0.9999

Sn

0.44

1.47

2.89

1

Pb

0.35

1.16

2.04

1

2.3 Calculation of Weekly Intake (EWIs) of the Metals
Analyzed
The daily intake of an element from food consumption
is based on body weight and is dependent on element
concentration in food and amount of food consumed.
Daily amount of fish consumption for an average person
(70 kg body weight) is 20 g fish/day which equals to
140 g fish/weekly in Turkey (FAO 2005). Multiplying
the amount of fish consumption (140 g fish/week) by
mean metal concentration (mg/kg) gives the amount of
metal intake (EWI). EWI by the consumption of fish
tissues sampled were calculated by using the formula;
 .
.

EWI Ë
cg week 70 kg body weight ¼ ðC  FIRÞ where;


CðConcentrationÞ; Mean metal level in fish tissue.mg kg‐1 w:w: :
FIR ðConsumption RateÞ ; 140 g fish
week

2.4 Statistical Analysis
Data obtained from tissue analysis were analyzed by
one-way ANOVA and Student Newman Keul’s (SNK)
Procedure using SPSS 16.0 statistical package program.

3 Results and Discussion
Mean metal levels measured in muscle tissues of
S. solea, M. barbatus, and S. pilchardus are given in
Table 4. Cadmium levels in muscle tissues of all the
species studied and chromium levels in S. solea samples
were below detection limits. The minimum and maximum levels of the metals differed (as mg kg−1 w.w.)

between the following ranges, respectively; Cr < 0.001–
2.80, Mn 0.08–3.88, Fe 0.93–25.76, Ni 0.03–0.63, Cu
0.01–1.96, Zn 1.28–45.95, As 0.49–25.26, Cd < 0.0004,
Sn 0.14–4.03, and Pb 0.02–1.37 (Table 4.)
3.1 Chromium
Chromium is found in divalent (Cr2), trivalent (Cr3), and
hexavalent (Cr6) forms (Eisler 2000); only trivalent
form is an essential mineral for the use of lipids and
proteins in living metabolisms (Ikem and Egiebor
2005). Oral reference doses (RfD) for Cr+3 and Cr+6
recommended by the US Environmental Protection
Agency (US EPA) are 1500 and 3 μg/kg/day, respectively, and values beyond these levels would cause
health problems in humans (EPA 2000a).
Chromium levels measured in muscle tissues of
Table 4 Metal concentrations (mean ± SD and range as mg kg−1
w.w.) in muscle tissues of S. solea, M. barbatus, and S. pilchardus
marketed in Mersin, Turkey
S. solea
(n = 24)

M. barbatus
(n = 24)

S. pilchardus
(n = 24)

X ±SD*
(min–max)

X ±SD*
(min–max)

X ±SD*
(min–max)

< 0.001

1.54 ± 0.29
(0.23–2.80)

0.75 ± 0.12
(0.19–1.48)

Mn 1.13× ± 0.23
(0.33–3.88)

0.33y ± 0.04
(0.08–0.60)

0.70y ± 0.12
(0.11–1.76)

Cr

Fe

13.52× ± 1.61
(3.86–25.76)

10.40× ± 1.36
(0.93–19.58)

10.03× ± 1.24
(1.66–21.02)

Ni

0.26× ± 0.05
(0.06–0.63)

0.14× ± 0.01
(0.03–0.21)

0.15× ± 0.03
(0.03–0.44)

Cu 0.49xy ± 0.10
(0.01–1.61)

0.72× ± 0.11
(0.09–1.96)

0.35y ± 0.04
(0.16–0.70)

Zn 23.58× ± 3.54
(5.16–45.95)

17.12xy ± 2.14
(4.05–35.79)

11.75y ± 1.77
(1.28–22.76)

As 6.14× ± 0.60
(1.48–9.83)

10.24y ± 1.14
(5.08–25.26)

3.04z ± 0.61
(0.49–8.70)

Cd < 0.0004

< 0.0004

< 0.0004

Sn

1.54× ± 0.30
(0.17–4.03)

0.53y ± 0.06
(0.21–1.12)

0.30y ± 0.03
(0.14–0.56)

Pb

0.48× ± 0.08
(0.03–0.99)

0.16× ± 0.03
(0.02–0.42)

0.91y ± 0.08
(0.57–1.37)

Letters x, y, and z show differences between the fish species. Data
shown with different letters are significantly different at the
p < 0.05 level
n = total fish samples for each species

X ±SD = mean ± standard deviation;
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S. solea, M. barbatus, and S. pilchardus differed between 0 and 0.001, 0.23–2.80, and 0.19–1.48 mg kg−1
w.w., respectively, the highest levels being in
M. barbatus. Mean Cr levels from Turkish Mediterranean sea were reported as 0.03–0.05 mg kg−1 w.w.
(Ersoy and Çelik 2010) in muscle tissues of S. solea,
1.06–1.91 mg kg−1 d.w. (Kalay et al. 1999) in edible
parts of M. barbatus, 2.22 mg kg−1 d.w. (Canlı and Atlı
2003) and 1.22–2.15 mg kg−1 d.w. (Canlı et al. 2001) in
consumable parts of S. pilchardus.
The mean levels of chromium found in fish varied
between 0.05–0.57 mg kg−1 w.w. in France (Guerin
et al. 2011), < 0.05–0.06 mg kg−1 w.w. in Greece
(Kalogeropoulos et al. 2012) and 0.07–0.34 mg kg−1
w.w. in New Jersey, USA (Burger and Gochfeld 2005).
The mean levels of chromium determined in fish species
from the Turkish Mediterranean, Black sea, Marmara,
and Aegean seas were between 0.03–2.08 mg kg−1 w.w.
(Ates et al. 2015), 0.95–1.98 mg kg−1 w.w. (Uluozlu
et al. 2007), and < 0.06–0.84 mg kg−1 d.w. (Topcuoglu
et al. 2002).
The Cr concentrations in M. barbatus collected from
Turkish Mediterranean sea (Kalay et al. 1999) is in
agreement with the present results.
3.2 Manganese
Daily intake of low doses of Mn is necessary for the
normal development and growth in humans (Ikem and
Egiebor 2005). US EPA reported that oral RfD of Mn is
140 μg/kg/day and that doses above this value might
cause health problems (EPA 2016).
Minimum and maximum levels of manganese in
muscle tissues of S. solea, M. barbatus, and
S. pilchardus changed between 0.33–3.88, 0.08–0.60,
and 0.11–1.76 mg kg−1 w.w., respectively. Mean Mn
levels stated as 0.20–0.41 mg kg−1 w.w. from Turkish
Mediterranean sea (Ersoy and Çelik 2010) and
0.11 mg kg−1 w.w. from French markets in edible parts
of S. solea (Guerin et al. 2011), 6.54 mg kg−1 d.w. from
Black and Aegean seas of Turkey in consumable parts
of M. barbatus (Uluozlu et al. 2007) and 0.64 mg kg−1
w.w. from French markets in muscle tissues of
S. pilchardus (Guerin et al. 2011).
Mean Mn levels measured in edible parts of fish
species in New Jersey, USA, were 0.15–0.70 mg kg−1
w.w. (Burger and Gochfeld 2005) and 0.37–0.83 mg kg−1
w.w. in Gazze, Palestine (Elnabris et al. 2013). Studies
carried out in Mediteranean, Aegean, Marmara, and
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Black seas on the levels of Mn in muscle tissues of
various fish species ranged between 0.07–3.62 mg kg−1
w.w. (Ates et al. 2015), 0.08–2.78 mg kg−1 w.w.
(Türkmen et al. 2009), and 0.90–2.50 mg kg−1 w.w.
(Tuzen and Soylak 2007).
Mn levels in muscle tissues of S. solea obtained from
this study were higher than the results from other studies
(Ersoy and Çelik 2010; Guerin et al. 2011).
3.3 Iron
Iron is an essential element in humans and its deficiency
results in anemia (Ikem and Egiebor 2005). Whereas
high levels of Fe causes Parkinson’s disease, Alzheimer,
and second type diabetes (Killilea et al. 2003). There is
no oral RfD designated for iron by US EPA. However,
World Health Organization (WHO) reported a value of
5600 μg/kg/week PTWI for iron (FAO/WHO 2004).
Iron levels in muscle tissues of S. solea, M. barbatus,
and S. pilchardus differed between 3.86–25.76, 0.93–
19.58, and 1.66–21.02 mg kg−1 w.w., respectively.
Mean Fe levels from Turkish Mediterranean sea were
reported as 0.41–1.11 mg kg−1 w.w. (Ersoy and Çelik
2010) and 9.2–15.9 mg kg−1 d.w. (Çoğun et al. 2005) in
muscle tissues of S. solea, 40.4–57.2 mg kg−1 d.w.
(Kargın 1996) and 32.2–103.1 mg kg−1 d.w. (Kalay
et al. 1999) in consumable parts of M. barbatus,
39.60 mg kg−1 d.w. (Canlı and Atlı 2003), 80.0–
126.4 mg kg−1 d.w. in edible parts of S. pilchardus
(Canlı et al. 2001).
Mean levels of iron varied between 1.35–19 mg kg−1
w.w. in edible tissues of fish species in French markets
(Guerin et al. 2011) and 6.8–16 mg kg−1 w.w. in Greek
markets (Kalogeropoulos et al. 2012). Mean Fe levels in
muscle tissues of fish species from Mediterranean, Aegean, Marmara, and Black seas were reported as 5.31–
115 mg kg−1 w.w. (Ates et al. 2015), 9.18–136 mg kg−1
w.w. (Türkmen et al. 2009), 10.2–30.3 mg kg−1 w.w.
(Tuzen and Soylak 2007), and 68.6–163 mg kg−1 d.w.
(Uluozlu et al. 2007).
Fe levels in M. barbatus obtained from this study
were lower than the results from other studies (Kargın
1996; Kalay et al. 1999).
3.4 Nickel
Nickel is found in trace amounts in Earth’s crust and is
known to play a role as a co-factor during Fe absorption
processes from intestine (Das et al. 2008). US EPA
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reported the oral RfD for Ni as 20 μg/kg/day above
which circulation disorders and carcinogenic effects
might occur (EPA 2000b).
Nickel levels in muscle tissues of S. solea,
M. barbatus, and S. pilchardus were determined as
between 0.06–0.63, 0.03–0.21, and 0.03–0.44 mg kg−1
w.w., respectively. Mean Ni levels from Turkish Mediterranean sea were reported as 0.07–0.22 mg kg−1 w.w.
(Ersoy and Çelik 2010) in consumable parts of S. solea,
2.88–6.07 mg kg−1 d.w. (Kalay et al. 1999) in muscle
tissues of M. barbatus and 2.34–6.20 mg kg−1 d.w.
(Canlı et al. 2001) in edible parts of S. pilchardus.
Levels of nickel were reported as 0.02–0.34 mg kg−1
w.w., < 0.08 mg kg−1 w.w., and 0.45–0.97 mg kg−1 w.w.
in edible tissues of fish species in French (Guerin et al.
2011), Greek (Kalogeropoulos et al. 2012) and Gazza,
Palestine (Elnabris et al. 2013) markets, respectively.
Mn levels in muscle tissues of various fish species from
Mediterranean, Aegean, Marmara, and Black seas
changed between 0.03–3.43 mg kg−1 w.w. (Ates et al.
2015), 0.03–3.13 mg kg−1 w.w. (Türkmen et al. 2009),
0.42–0.85 mg kg−1 w.w. (Tuzen and Soylak 2007), and
1.92–5.68 mg kg−1 d.w. (Uluozlu et al. 2007).
Determined Ni concentrations in M. barbatus and
S. pilchardus in the present study were lower than the
results from other studies (Kalay et al. 1999; Canlı et al.
2001).
3.5 Copper
Copper is a common element in nature and is essential
for the development and growth of all organisms (Eisler
2000). It causes liver and kidney dysfunctions above
certain concentrations (Duruibe et al. 2007). There is no
oral RfD determined for Cu by US EPA. The WHO,
however, reported a PTWI value of 3500 μg/kg/week
for Cu (FAO/WHO 2004).
The muscle tissue levels of Cu differed between
0.01–1.61 mg kg−1 in S. solea, 0.09–1.96 mg kg−1 in
M. barbatus, and 0.16–0.70 mg kg−1in S. pilchardus on
wet weight basis. Mean Cu levels from Turkish Mediterranean sea were reported as 1.06–1.54 mg kg−1 w.w.
(Ersoy and Çelik 2010) and 4.7–8.3 mg kg−1 d.w.
(Çoğun et al. 2005) in consumable parts of S. solea,
9.9–14.2 mg kg−1 d.w. (Kargın 1996) and 2.26–
5.88 mg kg−1 d.w. (Kalay et al. 1999) in muscle tissues
of M. barbatus, 4.17 mg kg−1 d.w. (Canlı and Atlı
2003), 6.04–14.53 mg kg−1 d.w. in edible parts of
S. pilchardus (Canlı et al. 2001).
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Mean levels of copper in muscle tissues of fish species were 0.06–2.01 mg kg−1 w.w. marketed in France
(Guerin et al. 2011), 0.24–1.4 mg kg−1 w.w. in Greece
(Kalogeropoulos et al. 2012), 0.25–0.90 mg kg−1 w.w.
in Gazza, Palestine (Elnabris et al. 2013), 0.13–
1.47 mg kg−1 w.w. in coastal sites of Croatia (Bilandžić
et al. 2011) and < 0.003–8.30 mg kg−1 d.w. in Alexandria, Algeria (Abdallah 2008). The reported levels of Cu
in muscle tissues of fish species from Mediterranean,
Aegean, Marmara, and Black seas changed between
0.34–7.05 mg kg−1 w.w, (Türkmen et al. 2009), 1.10–
2.50 mg kg−1 w.w. (Tuzen and Soylak 2007), and 0.73–
1.83 mg kg−1 d.w. (Uluozlu et al. 2007).
Cu levels in S. solea, M. barbatus, and S. pilchardus
determined this study were lower than the results from
other studies (Kargın 1996; Kalay et al. 1999; Canlı and
Atlı 2003; Çoğun et al. 2005; Ersoy and Çelik 2010).

3.6 Zinc
Zinc is found in coal and many manufactured products
such as motor oils, lubricants, tires, and fuel oil (Eisler
2000). Excess levels of zinc are known to cause harmful
effects. US EPA reported oral RfD of Zn as 300 μg/kg/
day above which its adverse effects on growth, survival,
and reproduction are observed (EPA 2005).
Minimum and maximum levels of Zn in muscle
tissues of S. solea, M. barbatus, and S. pilchardus were
5.16–45.95, 4.05–35.79, and 1.28–22.76 mg kg−1 w.w.,
respectively. Mean Zn levels from Turkish Mediterranean sea were reported as 2.09–2.76 mg kg−1 w.w.
(Ersoy and Çelik 2010) and 22.7–33.8 mg kg−1 d.w.
(Çoğun et al. 2005) in edible parts of S. solea, 26.64–
39.2 mg kg−1 d.w. (Kargın 1996) and 16.1–25.8 mg kg−1
d.w. (Kalay et al. 1999) in muscle tissues of
M. barbatus, 34.58 mg kg−1 d.w. (Canlı and Atlı
2003), 24–42.4 mg kg−1 d.w. in consumable parts of
S. pilchardus (Canlı et al. 2001).
Mean zinc levels in consumable parts of various fish
species were 1.36–25.1 mg kg−1 w.w. in France (Guerin
et al. 2011), 4.1–62 mg kg − 1 w.w. in Greece
(Kalogeropoulos et al. 2012), 7.4–43.9 mg kg−1 d.w.
in Alexandria, Egypt (Abdallah 2008), 3.70–
20.53 mg kg−1 w.w. in Gazza, Palestine (Elnabris et al.
2013). Zinc levels in fish species from Turkey were
reported as 3.51–53.5 mg kg−1 w.w. (Türkmen et al.
2009), 7.57–34.4 mg kg−1 w.w. (Tuzen and Soylak
2007), and 35.4–106 mg kg−1 d.w. (Uluozlu et al. 2007).
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Zn levels in muscle tissues of M. barbatus obtained
from this study were similar to the results from other
studies (Kargın 1996; Kalay et al. 1999).
3.7 Arsenic
Arsenic is widely distributed on Earth in a number of
valences which is a highly toxic as well as an essential
dietary element (Jain and Ali 2000). Water and food are
the main routes in which As enter organisms. Oral RfD
reported for As is 0.3 μg/kg/day above which dermatitis,
lowered neuron transmission and liver carcinoma may
develop (EPA 2000c).
Arsenic levels in muscle tissues of S. solea,
M. barbatus, and S. pilchardus were between 1.48–
9.83, 5.08–25.26, and 0.49–8.70 mg kg−1 w.w., respectively. Mean levels of As determined in various
marketed fish species differed between 0.03–
0.12 mg kg −1 in China (Wu et al. 2014), 0.59–
5.70 mg kg−1 in Brazil (Morgano et al. 2011), 0.43–
5.91 mg kg−1 in coastal sites of Croatia (Bilandžić et al.
2011), 0.23–3.30 mg kg−1 in New Jersey, USA (Burger
and Gochfeld 2005), and 30.76–59.91 mg kg−1 in
Adriatic Sea Italy (Perugini et al. 2014) on wet weight
basis.
The obtained As concentrations in M. barbatus from
this study were higher than the results from other studies
(Burger and Gochfeld 2005; Morgano et al. 2011; Wu
et al. 2014).
3.8 Cadmium
Cadmium is generally found at low levels in nature and
is obtained as a byproduct from zinc, lead, and copper
mining (Eisler 2000). The main source of cadmium for
non-smokers are water and food (Cirillo et al. 2010). US
EPA reported oral RfD of Cd as 1 μg/kg/day above
which abnormalities in kidney, liver, skeleton, and reproductive functions are observed (EPA 2000d).
Cadmium levels in muscle tissues of S. solea,
M. barbatus, and S. pilchardus were below
0.0004 mg kg−1 w.w. Mean Cd levels from Turkish
Mediterranean sea were reported as 0.03–0.11 mg kg−1
w.w. (Ersoy and Çelik 2010) and 2.1–3.5 mg kg−1 d.w.
(Çoğun et al. 2005) in edible parts of S. solea, 5.4–
10.2 mg kg−1 d.w. (Kargın 1996) and 1.07–1.43 mg kg−1
d.w. (Kalay et al. 1999) in muscle tissues of
M. barbatus, 0.55 mg kg−1 d.w. (Canlı and Atlı 2003),
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0.96–1.26 mg kg −1 d.w. in consumable parts of
S. pilchardus (Canlı et al. 2001).
Mean levels of Cd determined in various fish species
differed between 0.004–0.07 mg kg−1 in Spain (Yusa
et al. 2008), 0.003–0.04 mg kg−1 w.w. (Cirillo et al.
2010) and 0.009–0.16 mg kg−1 w.w in Italy (Miedico
et al. 2015), 0.003–0.25 mg kg−1 w.w. in Greece
(Kalogeropoulos et al. 2012), 0.000–0.03 mg kg−1 w.w
in New Jersey, USA (Burger and Gochfeld 2005),
0.002–0.006 mg kg−1 w.w. in coastal sites of Croatia
(Bilandžić et al. 2011), and 0.000–2.80 mg kg−1 d.w. in
Alexandria, Egypt (Abdallah 2008). Minimum and
maximum levels of Cd determined in various fish species from Mediterranean, Aegean, Marmara, and Black
seas were between < 0.01–0.39 mg kg−1 w.w. (Türkmen
et al. 2009), 0.06–0.25 mg kg−1 w.w. (Tuzen and Soylak
2007), and 0.45–0.90 mg kg−1 d.w. (Uluozlu et al.
2007).
Cd levels in all analyzed tissues of fish were lower
than the results from other studies (Kargın 1996; Kalay
et al. 1999; Canlı and Atlı 2003; Çoğun et al. 2005;
Ersoy and Çelik 2010).

3.9 Tin
Uptake of Sn by humans is generally via conserved
products, tooth pastes, or by consumption of aquatic
products (Eisler 2000). High levels of Sn have been
reported to cause kidney and liver dysfunctions, gastrointestinal irritation, diarrhea, nausea, vomit, and anemia
(Ikem and Egiebor 2005). There is no oral RfD value
determined for Sn by US EPA. However, the WHO
reported the PTWI value of 14,000 μg/kg/week for Sn
(FAO/WHO 2004).
Tin levels in muscle tissues of S. solea, M. barbatus,
and S. pilchardus differed between 0.17–4.03, 0.21–
1.12, and 0.14–0.56 mg kg−1 w.w., respectively. Mean
tin levels in conserved fish products were 0.33–
11.57 mg kg−1 w.w. in Georgia (Ikem and Egiebor
2005), 0.001–0.02 mg kg−1 w.w. in Spain (Olmedo
et al. 2013), and 0.08–0.47 mg kg−1 w.w. in Iran
(Pourjafar et al. 2014). Tin levels in conserved fish and
marine products were reported as 0.02–0.06 mg kg−1
w.w. (Mol 2011a), and 0.02–0.13 mg kg−1 w.w. (Mol
2011b) in Turkey.
Sn levels in all analyzed tissues of fish were
higher than the results from other studies (Mol
2011a, b).
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3.10 Lead
Lead is known to cause memory lapses, mental deficiencies, abnormal neurotransmitter functions, cardiovascular diseases, and kidney and liver damages (Ikem
and Egiebor 2005). No RfD value was reported for Pb
by US EPA, but the PTWI value for Pb was reported as
25 μg/kg/week by the WHO (FAO/WHO 2004).
Minimum and maximum levels of Pb in muscle
tissues of S. solea, M. barbatus, and S. pilchardus were
0.03–0.99, 0.02–0.42, and 0.57–1.37 mg kg−1 w.w.,
respectively. Mean Pb levels from Turkish Mediterranean sea were reported as 0.13–0.38 mg kg−1 w.w.
(Ersoy and Çelik 2010) and 14.0–26.6 mg kg−1 d.w.
(Çoğun et al. 2005) in edible parts of S. solea, 18.4–
28.5 mg kg−1 d.w. (Kargın 1996) and 5.34–9.11 mg kg−1
d.w. (Kalay et al. 1999) in muscle tissues of
M. barbatus, 5.57 mg kg−1 d.w. (Canlı and Atlı 2003),
5.28–7.67 mg kg −1 d.w. in consumable parts of
S. pilchardus (Canlı et al. 2001).
Mean lead levels in edible parts of fish various fish
species were 0.003–0.04 mg kg−1 w.w. in France
(Guerin et al. 2011), 0.04–0.17 mg kg−1 w.w. in Greece
(Kalogeropoulos et al. 2012), 0.03–0.05 mg kg−1 w.w.
in Spain (Yusa et al. 2008), 0.06–0.12 mg kg−1 w.w.
(Cirillo et al. 2010) and 0.02–0.14 mg kg−1 w.w.
(Miedico et al. 2015) in Italy, and 0.04–0.14 mg kg−1
w.w. in New Jersey, USA (Burger and Gochfeld 2005).
Lead levels in fish species from Turkey were reported as
0.14–1.28 mg kg−1 w.w. (Türkmen et al. 2009), 0.09–
0.40 mg kg−1 w.w. (Tuzen and Soylak 2007), and 0.33–
0.93 mg kg−1 d.w. (Uluozlu et al. 2007).
The Pb concentrations obtained were in agreement
with the results of other studies in S. solea, M. barbatus,
and S. pilchardus (Uluozlu et al. 2007; Türkmen et al.
2009; Kalogeropoulos et al. 2012).
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metals are given in Table 5 together with the mean levels
measured in the present study.
Mean metal levels measured in muscle tissues of the
three species studied were below the upper limits proposed by Turkish Food Codex (TFC) (Elnabris et al.
2013). Lead levels, however, in three out of 24 specimens of S. pilchardus were above the 1 mg kg−1 w.w.
upper limit of TFC. Moreover, mean levels of Pb were
above the limits for S. solea and S. pilchardus adopted
by EC (2005).
The provisional and estimated daily and weekly intake of metals by adult consumption of muscle tissues of
the three species studied are given in Table 6. Possible
risks of consuming fish marketed in Mersin markets
were evaluated by comparing mean metal levels determined from the present results with the provisional daily
and weekly intakes for these metals.
Tolerable daily intake (EDI) is the amount of a substance that can be consumed every day throughout the
life span without any risk. EDI is based on the body
weight and it differs depending on the concentration of
metal in the food consumed and on the amount of food
consumed. Daily fish consumption per person in Turkey
is 20 g according to FAO (2005) and TFC, which equals
to 140 g of fish per week. Assuming 20 g of daily or
140 g of weekly fish consumption, the amount of metal
intake by a 70 kg person were calculated and data
obtained were compared with provisional tolerable daily
intake (PTDI) and weekly intakes (PTWI) of metals.
The EWI’s of Cr, Mn, Fe, Ni, Cu, Zn, As, Cd, Sn, and
Pb for S. solea, M. barbatus, and S. pilchardus varied
between < 0.14–215.6, 46.2–158.2, 1404.2–1892.8,
19.6–36.4, 49–100.8, 1645–3301.2, 14.89–50.17,
< 0.05, 42–215.6, and 22.4–127.4 μg/week/70 kg body
weight. EWI’s of selected metals for a 70 kg person
consuming fish included in this study is well below the
PTWI values (Table 6).

3.11 Human Health and Risk Evaluation of Fish
Consumption in Mersin

4 Conclusion

The highest levels of Mn, Fe, Ni, Zn, and Sn were
measured in S. solea, whereas Cr, Cu, and As levels
were higher in M. barbatus and that of Pb in
S. pilchardus.
A number of organizations brought some limitations
on the presence of heavy metals in food products and set
maximum acceptable limits. These maximum acceptable limits adopted by various organizations for some

S. solea, M. barbatus, and S. pilchardus are economically important and highly consumed fish species in
Turkey. Our results showed that the amount of metal
intake by the consumption of analyzed fish samples are
far below the PTDI and PTWI values and that consumption of these three fish species from Mersin markets
would pose no harm as far as the human health is
concerned.
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Table 5 Comparison of present results with maximum permissible limits (MPL) of heavy metals in muscle tissues of fish (mg kg−1 w.w.)
according to international standards
Organization/country

Metal

Reference

Cr

Mn

Fe

Ni

Cu

Zn

As

Cd

Sn

Pb

FAO (1983)

–

–

–

–

30

30

–

0.05

–

0.5

FAO (1983)

South African Department of Health
(DOH)

–

–

–

–

–

–

3

1

50

0.5

Bosch et al.
(2015)

European Com. (EC)

–

–

–

–

–

–

–

0.05
(0.1)a

–

England

–

–

–

–

20

50

–

0.2

–

0.2
EC (2005)
(0.4)a
2.0
MAFF (2000)

Turkish Food Codex

–

20

–

–

20

50

–

0.1

–

S. soleab

< 0.001 1.13 13.52 0.26 0.49 23.58 6.14

1

Elnabris et al.
(2013)

< 0.0004 1.54

0.48

M. barbatusb

1.54

0.33 10.40 0.14 0.72 17.12 10.24 < 0.0004 0.53

0.16

S. pilchardusb

0.75

0.70 10.03 0.15 0.35 11.75 3.04

0.91

< 0.0004 0.30

– data not available
a

MPL of Cd and Pb for S. pilchardus according to EC (2005)

b

Mean metal levels in muscle tissues of the species studied (mg kg−1 w.w.)

Table 6 The estimated daily and weekly intake of metals by consumption of S. solea, M. barbatus, and S. pilchardus by adult people in
Mersin, Turkey
Metal

PTWIa

PTWIb

PTDIc

S. solea
EWId (EDIe)

Cr+3

10500×

735,000

105,000

< 0.14 (0.02)

215.6 (30.8)w

105 (15)w

+6

×

< 0.14 (0.02)

w

105 (15)w

Cr

21

1470

210

M. barbatus EWId (EDIe)

215.6 (30.8)

S. pilchardus EWId (EDIe)

Mn

×

980

68,600

9800

Fe

5600t

392,000

56,000

Ni

140×

9800

1400

Cu

t

3500

245,000

35,000

68.6 (9.8)

100.8 (14.4)

49 (7)

Zn

7000t

490,000

70,000

3301.2 (471.6)

2396.8 (342.4)

1645 (235)

147

21

30.08 (4.29)z

50.17 (7.16)z

14.89 (2.12)z

< 0.05 (0.007)

< 0.05 (0.007)

< 0.05 (0.007)

215.6 (30.8)

74.2 (10.6)

42 (6)

67.2 (9.6)

22.4 (3.2)

127.4 (18.2)

Asy

2.1×

Cd

t

7

490

70

Sn

14000t

980,000

140,000

Pb

t

1750

250

25

158.2 (22.6)

46.2 (6.6)

98 (14)

1892.8 (270.4)

1456 (208)

1404.2 (200.6)

36.4 (5.2)

19.6 (2.8)

21 (3)

Provisional permissible tolerable weekly intake (PTWI) in μg/week/kg body weight

a
b

PTWI for 70 kg adult person (μg/week/70 kg body weight)

c

PTDI, permissible tolerable daily intake (μg/day/70 kg body weight)

d

EWI, estimated weekly intake in μg/week/70 kg body weight

e

EDI, estimated daily intake in μg/day/70 kg body weight

x
t

EPA recommends RfD for each metal

(FAO/WHO 2004)

y

PTWI for inorganic arsenic

w

Chromium concentrations in tissue samples were calculated assuming total Cr+3 or total Cr+6

z

Arsenic concentrations determined as total arsenic and 3.5 conversation factor used for inorganic arsenic conversation (Panel, 2009)

Water Air Soil Pollut (2017) 228: 315

References
Abdallah, M. A. M. (2008). Trace element levels in some commercially valuable fish species from coastal waters of
Mediterranean Sea, Egypt. Journal of Marine Systems,
73(1), 114–122. doi:10.1016/j.jmarsys.2007.09.006.
Anon (2003). International Atomic Energy Agency Analytical
Quali ty C ontr ol Se rvice s Wagramer St ras se 5 ,
P.O. Box 100, A-1400 Vienna, Austria, Reference Material,
IAEA-407. BTrace Elements and Methylmercury In Fish
Tissue^. https://www.iaea.org/nael/refmaterial/iaea407.pdf.
Ateş, A., Türkmen, M., & Tepe, Y. (2015). Assessment in heavy
metals in fourteen marine fish species of four Turkish seas.
Indian Journal of Geo-Marine Sciences, 44(1), 519–526.
Bettini, S., Ciani, F., & Franceschini, V. (2006). Recovery of the
olfactory receptor neurons in the African Tilapia mariae
following exposure to low copper level. Aquatic
To x i c o l o g y, 7 6 ( 3 ) , 3 2 1 – 3 2 8 . d o i : 1 0 . 1 0 1 6 / j .
aquatox.2005.10.009.
Bilandžić, N., Đokić, M., & Sedak, M. (2011). Metal content
determination in four fish species from the Adriatic Sea.
Food Chemistry, 124(3), 1005–1010. doi:10.1016/j.
foodchem.2010.07.060.
Bosch, A. C., O'Neill, B., Sigge, G. O., Kerwath, S. E., &
Hoffman, L. C. (2015). Heavy metals in marine fish meat
and consumer health: a review. Journal of the Science of
Food and Agriculture, 96(1), 32–48. doi:10.1002/jsfa.7360.
Burger, J., & Gochfeld, M. (2005). Heavy metals in commercial
fish in New Jersey. Environmental Research, 99(3), 403–412.
doi:10.1016/j.envres.2005.02.001.
Canli, M., & Atli, G. (2003). The relationships between heavy
metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six
Mediterranean fish species. Environmental Pollution, 121(1),
129–136. doi:10.1016/s0269-7491(02)00194-x.
Canli, M., Kalay, M., & Ay, Ö. (2001). Metal (Cd, Pb, Cu, Zn, Fe,
Cr, Ni) concentrations in tissues of a fish Sardina pilchardus
and a prawn Peaenus japonicus from three stations on the
M e d i t e r r a n e a n S e a . B u l l e t i n o f E n v i ro n m e n t a l
Contamination and Toxicology, 67(1), 75–82. doi:10.1007
/s001280093.
Cirillo, T., Fasano, E., Viscardi, V., Arnese, A., & AmodioCocchieri, R. (2010). Survey of lead, cadmium, mercury
and arsenic in seafood purchased in Campania, Italy. Food
Additives and Contaminants: Part B, 3(1), 30–38.
doi:10.1080/19440041003636646.
Çoğun, H., Yüzereroğlu, T. A., Kargin, F., & Firat, Ö. (2005).
Seasonal variation and tissue distribution of heavy metals in
shrimp and fish species from the Yumurtalık coast of
Iskenderun Gulf, Mediterranean. Bulletin of Environmental
Contamination and Toxicology, 75(4), 707–715. doi:10.1007
/s00128-005-0809-6.
Das, K. K., Das, S. N., & Dhundasi, S. A. (2008). Nickel, its
adverse health effects & oxidative stress. Indian Journal of
Medical Research, 128(4), 412–425.
Duruibe, J. O., Ogwuegbu, M. O. C., & Egwurugwu, J. N. (2007).
Heavy metal pollution and human biotoxic effects.
International Journal of Physical Sciences, 2(5), 112–118.
EC (2005) European Community. Commission Regulation No 78/
2005 (pp. L16/43–L16/45). Retrieved from https://www.tid.

Page 9 of 10 315
gov.hk/english/aboutus/tradecircular/cic/eu/2005
/files/ci312005a.pdf.
Eisler, R. (2000). Handbook of chemical risk assessment: health
hazards to humans, plants, and animals (vol. 2). Boca Raton:
Lewis Publishers.
El-Moselhy, K. M., Othman, A. I., El-Azem, H. A., & ElMetwally, M. E. A. (2014). Bioaccumulation of heavy metals
in some tissues of fish in the Red Sea, Egypt. Egyptian
Journal of Basic and Applied Sciences, 1(2), 97–105.
doi:10.1016/j.ejbas.2014.06.001.
Elnabris, K. J., Muzyed, S. K., & El-Ashgar, N. M. (2013). Heavy
metal concentrations in some commercially important fishes
and their contribution to heavy metals exposure in Palestinian
people of Gaza Strip (Palestine). Journal of the Association of
Arab Universities for Basic and Applied Sciences, 13(1), 44–
51. doi:10.1016/j.jaubas.2012.06.001.
EPA (2000a). U.S. Environmental Protection Agency. Chromium
C o m p o u n d s , R e t r i e v e d f r o m h t t p s : / / w w w. e p a .
gov/sites/production/files/2016-09/documents/chromiumcompounds.pdf.
EPA (2000b). U.S. Environmental Protection Agency. Nickel
C o m p o u n d s , R e t r i e v e d f r o m h t t p s : / / w w w. e p a .
gov/sites/production/files/2016-09/documents/nicklecompounds.pdf.
EPA (2000c). U.S. Environmental Protection Agency. Arsenic
C o m p o u n d s , R e t r i e v e d f r o m h t t p s : / / w w w. e p a .
gov/sites/production/files/2016-09/documents/arseniccompounds.pdf.
EPA (2000d). U.S. Environmental Protection Agency. Cadmium
C o m p o u n d s , R e t r i e v e d f r o m h t t p s : / / w w w. e p a .
gov/sites/production/files/2016-09/documents/cadmiumcompounds.pdf.
EPA (2005). Environmental Protection Agency. Zinc and
Compounds; CASRN 7440–66-6. Retrieved from
https://cfpub.epa.gov/ncea/iris/iris_
d o c u m e n t s / d o c u m e n t s / s u b s t / 0 4 2 6 _ s u m m a r y.
pdf#nameddest=rfd.
EPA (2016). U.S. Environmental Protection Agency. Manganese
C o m p o u n d s , R e t r i e v e d f r o m h t t p s : / / w w w. e p a .
gov/sites/production/files/2016-10/documents/manganese.
pdf.
Ersoy, B., & Çelik, M. (2010). The essential and toxic elements in
tissues of six commercial demersal fish from Eastern
Mediterranean Sea. Food and Chemical Toxicology, 48(5),
1377–1382. doi:10.1016/j.fct.2010.03.004.
FAO (1983). (Food and Agriculture Organization), Compilation of
legal limits for hazardous substances in fish and fishery
products. Retrieved from http://www.fao.org/docrep/014
/q5114e/q5114e.pdf.
FAO (2005). Statistics division, food security statistics, food cons u m p t i o n . R e t r i e v e d f r o m h t t p : / / w w w. f a o .
org/es/ESS/faostat/foodsecurity/index_en.htm.2005.
FAO (2014). The State of World Fisheries and Aquaculture.
Retrieved from http://www.fao.org/3/a-i3720e.pdf.
FAO/WHO (2004). Summary of evaluations performed by the
joint FAO/WHO expert committee on food additives
(JECFA 1956–2003. Retrieved from ftp://ftp.fao.
org/es/esn/jecfa/call_63.pdf.
Guérin, T., Chekri, R., Vastel, C., Sirot, V., Volatier, J. L., Leblanc,
J. C., & Noël, L. (2011). Determination of 20 trace elements
in fish and other seafood from the French market. Food

315 Page 10 of 10
C h e m i s t r y, 1 2 7 ( 3 ) , 9 3 4 – 9 4 2 . d o i : 1 0 . 1 0 1 6 / j .
foodchem.2011.01.061.
Ikem, A., & Egiebor, N. O. (2005). Assessment of trace elements
in canned fishes (mackerel, tuna, salmon, sardines and herrings) marketed in Georgia and Alabama (United States of
America). Journal of Food Composition and Analysis, 18(8),
771–787. doi:10.1016/j.jfca.2004.11.002.
Jain, C. K., & Ali, I. (2000). Arsenic; occurrence, toxicity and
speciation techniques. Water Research, 34(17), 4304–4312.
doi:10.1016/s0043-1354(00)00182-2.
Kalay, M., Ay, Ö., & Canli, M. (1999). Heavy metal concentrations in fish tissues from the Northeast Mediterranean Sea.
Bulletin of Environmental Contamination and Toxicology,
63(5), 673–681. doi:10.1007/s001289901033.
Kalogeropoulos, N., Karavoltsos, S., Sakellari, A., Avramidou, S.,
Dassenakis, M., & Scoullos, M. (2012). Heavy metals in raw,
fried and grilled Mediterranean finfish and shellfish. Food
and Chemical Toxicology, 50(10), 3702–3708. doi:10.1016/j.
fct.2012.07.012.
Kargin, F. (1996). Seasonal changes in levels of heavy metals in
tissues of Mullus barbatus and Sparus aurata collected from
Iskenderun Gulf (Turkey). Water, Air, & Soil Pollution, 90(3),
557–562. doi:10.1007/bf00282669.
Killilea, D. W., Atamna, H., Liao, C., & Ames, B. N. (2003). Iron
accumulation during cellular senescence in human fibroblasts
in vitro. Antioxidants and Redox Signalling, 5(5), 507–516.
doi:10.1089/152308603770310158.
MAFF (2000). (Ministry of Agriculture, Fisheries and Food).
Monitoring and surveillance of non-radioactive contaminants
in the aquatic environment and activities regulating the disposal of wastes at sea. Retrieved from https://www.cefas.co.
uk/publications/aquatic/aemr51.pdf.
Miedico, O., Iammarino, M., Pompa, C., Tarallo, M., &
Chiaravalle, A. E. (2015). Assessment of lead, cadmium
and mercury in seafood marketed in Puglia and Basilicata
(Italy) by inductively coupled plasma mass spectrometry.
Food Additives & Contaminants: Part B, 8(2), 85–92.
doi:10.1080/19393210.2014.989281.
Mol, S. (2011a). Levels of heavy metals in canned bonito, sardines, and mackerel produced in Turkey. Biological Trace
Element Research, 143(2), 974–982. doi:10.1007/s12011010-8909-5.
Mol, S. (2011b). Levels of selected trace metals in canned tuna fish
produced in Turkey. Journal of Food Composition and
Analysis, 24(1), 66–69. doi:10.1016/j.jfca.2010.04.009.
Morgano, M. A., Rabonato, L. C., Milani, R. F., Miyagusku, L., &
Balian, S. C. (2011). Assessment of trace elements in fishes

Water Air Soil Pollut (2017) 228: 315
of Japanese foods marketed in São Paulo (Brazil). Food
Control, 22(5), 778–785. doi:10.1016/j.
foodcont.2010.11.016.
Olmedo, P., Pla, A., Hernández, A. F., Barbier, F., Ayouni, L., &
Gil, F. (2013). Determination of toxic elements (mercury,
cadmium, lead, tin and arsenic) in fish and shellfish samples.
Risk assessment for the consumers. Environment
International, 59, 63–72. doi:10.1016/j.envint.2013.05.005.
Panel, E. C. (2009). Scientific opinion on arsenic in food. EFSA
Journal, 7(10), 1351. doi:10.2903/j.efsa.2009.1351.
Perugini, M., Visciano, P., Manera, M., Zaccaroni, A., Olivieri, V.,
& Amorena, M. (2014). Heavy metal (As, Cd, Hg, Pb, Cu,
Zn, Se) concentrations in muscle and bone of four commercial fish caught in the Central Adriatic Sea, Italy.
Environmental Monitoring and Assessment, 186(4), 2205–
2213. doi:10.1007/s10661-013-3530-7.
Pourjafar, H., Ghasemnejad, R., & Noori, N. (2014). Heavy metals
content of canned tuna fish marketed in Tabriz, Iran. Iranian
Journal of Veterinary Medicine, 8(1), 9–14. doi:10.1016/j.
foodchem.2004.09.025.
Topcuoğlu, S., Kırbaşoğlu, Ç., & Güngör, N. (2002). Heavy
metals in organisms and sediments from Turkish Coast of
the Black Sea, 1997–1998. Environment International,
27(7), 521–526. doi:10.1016/s0160-4120(01)00099-x.
Türkmen, M., Türkmen, A., Tepe, Y., Töre, Y., & Ateş, A. (2009).
Determination of metals in fish species from Aegean and
Mediterranean seas. Food Chemistry, 113(1), 233–237.
doi:10.1016/j.foodchem.2008.06.071.
Tuzen, M., & Soylak, M. (2007). Determination of trace metals in
canned fish marketed in Turkey. Food Chemistry, 101(4),
1378–1382. doi:10.1016/j.foodchem.2006.03.044.
Uluozlu, O. D., Tuzen, M., Mendil, D., & Soylak, M. (2007).
Trace metal content in nine species of fish from the Black and
Aegean Seas, Turkey. Food Chemistry, 104(2), 835–840.
doi:10.1016/j.foodchem.2007.01.003.
Wu, X., Gao, M., Wang, L., Luo, Y., Bi, R., Li, L., & Xie, L.
(2014). The arsenic content in marketed seafood and associated health risks for the residents of Shandong, China.
Ecotoxicology and Environmental Safety, 102, 168–173.
doi:10.1016/j.ecoenv.2014.01.028.
Yusa, V., Suelves, T., Ruiz-Atienza, L., Cervera, M. L., Benedito,
V., & Pastor, A. (2008). Monitoring program on cadmium,
lead and mercury in fish and seafood from Valencia, Spain:
levels and estimated weekly intake. Food Additives and
Contaminants, 1(1), 22–31. doi:10.1080
/19393210802236935.

