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Abstract Regular consumption of fish has been widely
recommended by health authorities. However, it is
known that some species accumulate high levels of
contaminants including heavy metals (e.g., Hg, Cd,
Pb, and As). In this study, Cu, Pb, Co, Ni, Cr, Mn, Cd,
and Fe were determined in the muscle tissue of 11
commercially available fish species (Sparus auratus,
Dicentrarchus labrax, Mullus barbatus, Belone belone,
Psetta maxima, Epinephelus aeneus, Salmothymus,
Soleidae, Pomatomus saltatrix, Engraulis encrasicolus,
and Sarda sarda) supplied from retailers in Kayseri,
Turkey. Determinations were carried out by flame atom-
ic absorption spectrometry after the wet digestion meth-
od. The average metal concentrations of the 11 species
were determined in the range of 0.54–1.79, 0.82–1.40,
2.38–4.54, 1.23–3.67, 5.01–5.97, 0.77–3.59, 0.48–1.06,
and 5.05–122.8 μg/g wet weight for Cu, Pb, Co, Ni, Cr,
Mn, Cd, and Fe, respectively. The permissible tolerable
daily intake (PTDI) and calculated daily intake (CDI)
values were compared, and the calculated daily intake
values of the samples were found to be below the
established values. Correlations between the metal

contents in samples were investigated by performing
correlation tests with SPSS 13.0 for windows.
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Introduction

Fish from seas, rivers, and lakes have been recognized
as nutritious; they are one of the best sources of food for
people and are consumed all around the world. Fish is
almost a single source of high quality protein for
humans and meets 16 % of animal protein consumption
all around the world (A Guide for Seafood Marketers
2004; Tidwell and Allan 2002). It is trusted by so many
people that seafood is the main source of animal protein.
In 2008, about 115 million tons of the world’s fish
production was processed as human food with an aver-
age consumption of 17 kg, and this value is equal to
81% of the total world’s fish production (FAO Food and
Agriculture Organization of the United Nations 2010).

Fish is also a good source of other nutrients such as
selenium, antioxidants, essential fatty acids, etc. Fish, as
seafood, has an important role in the functionality of the
human body in that the minerals and nutrients in fishes
are helpful for improving brain development (Irish Sea
Fisheries Board 2005). Due to its high protein levels,
omega fatty acids, and low saturated fat content that are
known to contribute to a healthy body, fish consumption
has increased in significance among the health
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conscious (Copat et al. 2012). Researchers have discov-
ered strong links between healthy hearts and fish con-
sumption. A study suggested that one portion of fish per
week in the diet reduces the risk of heart attack by half.
Fish contains very high amount of omega 3 and less
saturated fat; therefore, it helps to reduce the amount of
triglycerides and cholesterol in the blood. If these two
fats are in excess amount, they increase the risk of heart
disease. Omega 3 fats are also natural built-in antioxi-
dants, and damaging of artery walls may be stopped by
antioxidants. Fish oil also has these advantages for heart
health (A Guide for Seafood Marketers 2004).

Meanwhile, the health hazards related to the con-
sumption of fish contaminated by heavy metals have
received worldwide attention. Heavy metals are poten-
tially accumulated in fish and are then transferred by the
food chain to human beings who eat fish. Heavy metal
levels change in different fish species due to their dif-
ferent diet and habitats. Heavy metal accumulation in
fish is also size specific; metals in high concentrations
are generally found in smaller species (Mendil et al.
2010; Tuzen et al. 2007; Yildirim et al. 2009). At the
other hand, bioaccumulating metals like Hg is often
higher in larger (older) fish of the same species. Fish
that are predatory are large and at the top of the food
chain and so tend to contain more Hg (Irish Sea
Fisheries Board 2005).

Industrialization, urbanization, and population
growth have increased heavy metal pollution (Soylak
and Turkoglu 1999; Soylak et al. 1995, 2006;Mitic et al.
2013). The discharge of heavy metals into the marine
environment can disrupt marine species diversity as well
as ecosystems due to their toxic effects, long persis-
tence, and accumulative nature and finally result in
health risks (Ebrahimpour et al. 2011; Rahman et al.
2010; Saha and Zaman 2011).

There has been a growing interest in heavy metal
pollution, and it has become an important worldwide
concern (Soylak et al. 1996a, b; Suarez et al. 2000;
Duran et al. 2009; Tuzen et al. 2009a, b; Citak et al.
2012; Imyim et al. 2013; Kirdar et al. 2013; Shaltout
et al. 2013). For instance, Pb may cause liver damage
and renal failure (Lee et al. 2011; Luckey and
Venugopal 1977). Moreover, exposure to high concen-
trations of Pb over long periods can result in coma,
mental retardation, and even death (Soylak et al. 2001,
2002; Divrikli et al. 2003; Tuzen et al. 2007; Al-Busaidi
et al. 2011). Cd damages the urinary system and causes
chronic toxicity symptoms, including poor reproductive

capacity, impaired kidney function, tumors, hyperten-
sion, and hepatic function disability (Luckey and
Venugopal 1977; Rahman and Islam 2010; Soylak
et al. 2012). Some other metals (e.g. Cr, Cu, and Zn)
cause nephritis and extensive lesions in the kidney
(Luckey and Venugopal 1977; Rahman and Islam
2009; Soylak et al. 2013). Ever since heavy metal con-
tamination in fish is considered as a serious problem,
global attention has raised for the last several years.

Over the past few decades, heavy metal concentra-
tions in fish samples have been extensively studied by
different researchers in various counties around the
world such as Turkey (Yildirim et al. 2009), Malaysia
(Bashir et al. 2012), Palestine (Elnabris et al. 2013),
Pakistan (Khan et al. 2012), India (Kumar et al. 2011),
the Canary Islands (García-Montelongo et al. 1992),
Jordan (Ismail and Abu-Hilal 2008), Egypt (Khaled
2004), Bangladesh (Rahman et al. 2012), Italy (Copat
et al. 2013), China (Yi and Zhang 2012; Zhao et al.
2013), Bosnia and Herzegovina (Djedjibegovic et al.
2012), Spain (Herreros et al. 2008), Russia (Allen-Gil
and Martynov 1995), and Tunisia (Ayed et al. 2011).

The city of Kayseri is located in the middle of
Turkey, and the samples analyzed here were transported
to the city from north (Black Sea), west (Sea of
Marmara, Aegean Sea), and south (Mediterranean).
The purpose of this study was to determine the trace
metal (Cu, Pb, Co, Ni, Cr, Mn, Cd, and Fe) concentra-
tions in the muscle tissue of 11 commercially available
fish species (Sparus auratus, Dicentrarchus labrax,
Mullus barbatus, Belone belone, Psetta maxima,
Epinephelus aeneus, Salmothymus, Soleidae,
Pomatomus saltatrix, Engraulis encrasicolus, Sarda
sarda) supplied by retailers in Kayseri, Turkey.

Experimental

Instrumentation and chemicals

A Perkin Elmer Model 3110 flame atomic absorption
spectrometer was used in this study. An air-acetylene
flame was used for all measurements. The operating
parameters are listed in Table 1 for working elements.
All reagents were of analytical reagent grade. Distilled
water was used throughout the study. All the glass and
plastic materials were cleaned by soaking in a 10 %
HNO3 solution and then rinsed with distilled water
before experiments. The standard solutions for
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calibration were prepared by diluting a stock solution of
1,000 mg/L of the analyzed element. The HNO3 (65 %)
and H2O2 (30 %) used for digestion procedures were
supplied by Merck. The certified standard reference
material used in the experimental studies was NRCC
DORM-2, Dogfish Muscle Certified ReferenceMaterial
for Trace Metals.

Sample collection

Turkey, with its coastal length of 8,333 km and conti-
nental shelf of 154,080 km2, is surrounded by the Black
Sea, the Sea of Marmara, the Aegean, and the
Mediterranean on three sides, all of which have their
own characteristics. Samples of 11 species of fish found
in these seas were collected from commercial retailers
located in Kayseri, Turkey. After sample collection, they
were immediately washed to remove mud-like sub-
stances and conserved with ice in polyethylene bags at
−20 °C until analysis.

Analytical procedure

The muscular tissues of each fish sample were cut by
using a plastic knife and were then homogenized in
porcelain vessel. For this, 0.2 g of the standard reference
material and 1 g of wet weight fish tissue (homogenized
muscles without skin) were used. Wet digestion of the
samples was performed using a 6-mLHNO3 (65 %) and
2-mL H2O2 (30 %) mixture. The mixture was heated up
to 150 °C on a hot plate and repeated until the sample
solutions became clear. The completely digested sam-
ples were cooled at room temperature, and then distilled
water was added to the sample and mixed. The residue
was filtered through the blue band filter paper and

diluted to 10 mL. Analytical blanks were applied using
the same procedure. To test the accuracy and precision
of the method, a certified reference material (NRCC
DORM-2, Dogfish Muscle Certified Reference
Material for Trace Metals) was analyzed for each ele-
ment. The whole procedure (including digestion) was
repeated three times, and metal concentrations were
expressed as micrograms per gram wet weight.

Statistical analysis

To investigate correlation relationship among the metal
concentrations in analyzed fish samples, the correlation
test was performed with SPSS 13.0 for windows. Two-
tailed Pearson’s correlation coefficient matrix was ap-
plied. Experimental data were subjected to a statistical
analysis, and correlation matrices were produced to
analyze the relationship between the investigated metal
concentrations. The correlation coefficient values be-
tween metal concentrations were calculated.

Results and discussion

For the digestion procedure, rapidity, preferable recov-
ery, and precision were achieved with a combination of
HNO3/H2O2 (6:2) mixture for all samples. The accuracy
of the method was evaluated by element determination
in standard reference material (NRCC DORM-2,
Dogfish Muscle Certified Reference Material for Trace
Metals). The achieved results were in good agreement
with the certified values with recovery values of 95–
96 %. The results are given in Table 2.

The concentrations of Cu, Pb, Co, Ni, Cr, Mn, Cd,
and Fe determined in the muscles of the 11 analyzed fish

Table 1 The operating parameters for working elements for flame
atomic absorption spectrometer

Element Wave length (nm) Slit width Lamp current (mA)

Cu 324.8 0.7 15

Pb 283.3 0.7 15

Co 240.7 0.2 30

Ni 232.0 0.2 30

Cr 357.9 0.7 12

Mn 279.5 0.2 20

Cd 228.8 0.7 8

Fe 248.3 0.2 30

Table 2 Results of the analysis with wet digestion procedure of
NRCC DORM-2, Dogfish Muscle Certified Reference Material
for Trace Metals standard reference material as micrograms per
gram wet weight (n=3)

Element Certified value
(μg/g)

Our value (μg/g) Recovery (%)

Fe 142±10 136.3±9.50 96

Cu 2.34±0.16 2.22±0.20 95

Mn 3.66±0.34 3.48±0.25 95

Cr 34.7±5.5 32.9±2.70 95

Ni 19.4±3.1 18.6±1.30 96
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species are presented in Table 3 as micrograms per gram
wet weight. There were vast differences among the
heavy metal concentrations found in the muscles of the
different fish species. The results were in the range of
0.54–1.79, 0.82–1.40, 2.38–4.54, 1.23–3.67, 5.01–5.97,
0.77–3.59, 0.48–1.06, and 5.05–122.8 μg/g wet weight
for Cu, Pb, Co, Ni, Cr, Mn, Cd, and Fe, respectively.
The order of mean concentrations of the heavy metals in
the fish muscles were as follows: Fe (32.1)>Cr (5.42)>
Co (3.25)>Ni (2.18)>Mn (1.63)>Pb (1.10)>Cu
(0.92)>Cd (0.66). The highest concentrations were for
Fe, and the lowest were for Pb, Cu, and Cd. No single
type of fish was consistently high for all metals. While
B. belone had the highest level of Cd, S. sarda had the
highest levels of Cu and Mn.

Cu is an essential part of several enzymes. It is
essential for hemoglobin synthesis (Sivaperumal et al.
2007). However, high intake of Cu has been recognized
to cause adverse health problems (Gorell et al. 1997). Cu
concentration in S. sarda was significantly higher than
in all other fish species with a value of 1.79±0.09 μg/g
followed by S. auratus with a value of 1.22±0.16 μg/g.
The pattern of the Cu concentration in the muscles of the
remaining fish types in order of decreasing content was
as follows: M. barbatus>D. labrax=E. encrasicolus>
P. maxima=P. saltatrix>Soleidae>E. aeneus>
Salmothymus=B. belone. Results in micrograms per
gram are shown in Table 3. In the literature, Cu levels
in fish samples have been reported in the range of 0.11–
0.97 μg/g (Celik and Oehlenschlager 2007), 0.065–
4.36 μg/g (Yilmaz et al. 2007), 0.04–5.43 μg/g dry
weight in fish species from Iskenderun Bay (Turkmen

et al. 2005), and 0.73–1.83 μg/g (Uluozlu et al. 2007).
There is no limit for Cu in Turkish Standards; however,
the FAO/WHO has a limit of 30 μg/g, and the UK and
Saudi Arabia have a limit of 20 μg/g for Cu as shown in
Table 4.

Pb is one of the most ubiquitous metals known to
humans. It is detectable practically in all biological
systems and environments (Castro-Gonzalez and
Mendez-Armenta 2008). To eat fish is an obviousmeans
of exposure to metals because their tissues and muscles
accumulate substantial amounts of metals. Metal con-
centration of Pb was as follows: S. auratus=
Salmothymus>M. barbatus>E. aeneus=B. belone>
D. labrax > Soleidae > S. sarda=P. saltatrix>
P. maxima>E. encrasicolus with values of 1.40±0.11,
1.40±0.11, 1.33±0.22, 1.20±0.11, 1.20±0.11, 1.07±
0.19, 1.01±0.11, 0.95±0.11, 0.95±0.11, 0.82±0.11,
and 0.75±0.11 μg/g, respectively. Pb contents in the
literature have been reported in the range of 0.09–
6.95 μg/g (Turkmen et al. 2005), 0.22–0.85 μg/g dry
weight in fish samples from the Black Sea (Tuzen
2003), 0.068–0.874 μg/g (Yilmaz et al. 2007), and
0.33–0.93 μg/g (Uluozlu et al. 2007). The permitted
Pb level for fish is 0.30 μg/g in Turkish Standards, and
determined values in this study were found to be higher
than this. However, the UK’s and Saudi Arabia’s max-
imum limit standards for Pb are higher than the other
cited international standards and our results, as given in
Table 4.

As part of vitamin B12, Co is essential to red blood
cell formation and is also helpful to other cells. Ocean
fish and sea vegetables contain Co. The greatest value of

Table 3 Heavy metal concentrations (μg/g wet weight) in fish samples determined by AAS after wet digestion procedure (n=3)

Fish species Cu Pb Co Ni Cr Mn Cd Fe

Sparus auratus 1.22±0.16 1.40±0.11 3.64±0.54 1.23±0.23 5.23±0.32 0.83±0.12 0.64±0.09 10.4±0.69

Dicentrarhus labrax 1.01±0.09 1.07±0.19 4.54±0.31 2.32±0.41 5.41±0.32 0.97±0.12 0.85±0.09 12.8±0.91

Mullus barbatus 1.11±0.09 1.33±0.22 2.38±0.31 1.37±0.23 5.03±0.02 0.77±0.12 0.54±0.09 11.0±0.34

Belone belone 0.54±0.09 1.20±0.11 2.74±0.31 2.86±0.24 5.78±0.32 1.03±0.12 1.06±0.16 47.4±0.59

Psetta maxima 0.80±0.09 0.82±0.11 2.38±0.31 2.59±0.23 5.23±0.32 0.83±0.12 0.54±0.09 92.3±2.93

Epinephelus aeneus 0.64±0.09 1.20±0.11 3.46±0.31 1.64±0.24 5.97±0.32 0.77±0.12 0.85±0.09 122.8±0.59

Salmothymus 0.54±0.09 1.40±0.11 3.82±0.31 2.18±0.24 5.78±0.32 1.64±0.12 0.48±0.09 11.0±0.69

Soleidae 0.70±0.09 1.01±0.11 3.28±0.31 2.05±0.24 5.03±0.02 3.32±0.20 0.64±0.09 5.05±0.69

Pomatomus saltatrix 0.80±0.09 0.95±0.11 2.38±0.31 1.23±0.23 5.01±0.02 2.31±0.20 0.48±0.09 6.44±0.59

Engraulis encrasicolus 1.01±0.09 0.75±0.11 2.92±0.31 3.67±0.23 5.78±0.32 1.84±0.12 0.48±0.09 8.41±0.69

Sarda sarda 1.79±0.09 0.95±0.11 4.18±0.54 2.86±0.24 5.41±0.32 3.59±0.12 0.70±0.09 25.4±0.59

4622 Environ Monit Assess (2014) 186:4619–4628



Co was detected in the D. labrax species with a concen-
tration of 4.54±0.31 followed by S. sarda and
Salmothymus with concentrations of 4.18±0.54 and
3.82±0.31 μg/g, respectively. No significant difference
was detected among these fish species. Turkish
Standards do not cover information about maximum
Co levels in fish samples.

Ni normally occurs at very low levels in the environ-
ment. Lung inflammation, tumors, emphysema, and
fibrosis are some of the pulmonary negative health
effects that it causes (Forti et al. 2011). The Ni level
should be as low as possible because it is a cumulative
body poison. The Ni levels determined were as follows:
E. encrasicolus>B. belone=S. sarda>P. maxima>
D. labrax>Salmothymus>Soleidae>E. aeneus>
S. auratus=P. saltatrix with concentrations of 3.67±
0.23, 2.86±0.24, 2.86±0.24, 2.59±0.23, 2.32±0.41,
2.18±0.24, 2.05±0.24, 1.64±0.24, 1.37±0.23, 1.23±
0.23, and 1.23±0.23 μg/g, respectively. There is no
available information about maximum Ni levels in fish
samples in Turkish Standards.

Cr does not accumulate in fish normally. Hence, only
low concentrations have been reported even from the
industrialized areas of the world. The uptake rate is
higher in young fish, but the body burden of Cr declines
with advancing age (Dara 1995). There were no signif-
icant differences in Cr concentrations among the studied
fish species. E. aeneus had the highest value of 5.97±
0.32 μg/g, and P. saltatrix has the lowest value of 5.01±
0.02 μg/g. Cr contents in the literature have been report-
ed in the range of 0.07–6.46 μg/g (Turkmen et al. 2005),
0.97–1.70 μg/g (Tuzen and Soylak 2007), and 0.95–
1.98 μg/g (Uluozlu et al. 2007). There is no information

about maximum Cr levels in fish samples in Turkish
Standards.

Mn has low toxicity; however, it has considerable
biological importance. No maximum limit is identified
for Mn in fish samples. In our samples, 5.41±0.32 μg/g
was the highest determined value for Mn in S. sarda,
and 0.77±0.12 μg/g was the lowest inM. barbatus and
E. aeneus. Mn contents in the literature have been
reported in the range of 1.56–3.76 μg/g (Tuzen 2003),
0.05–4.64 μg/g (Turkmen et al. 2005), 8.8–23.5 μg/g
(Begum et al. 2005), and 1.28–7.40 μg/g (Uluozlu et al.
2007). There is no information about Mn levels in
Turkish Standards. The WHO recommends 2–9 mg
per day for adults (WHO World Health Organization
1994).

Cd is an environmental and industrial pollutant that
negatively affects a number of organs in humans. Many
years ago, it was established that Cd occurs in the
marine environment and aquatic organisms only in trace
concentrations, but speciation is affected by the salinity
and temperature (Ray, 1986). Cd contamination in fish
is of considerable interest because fish consumption is
an important source of Cd intake for the general popu-
lation. Most of its concentration in fish is highly absorb-
able in CdCl2 form. For humans, the gastrointestinal
absorption efficiency of Cd has been reported to be
approximately 3–8 % of the ingested value. The con-
centrations in muscles are low; it is especially accumu-
lated in kidneys (ATSDS Agency for Toxic Substance
and Disease Registry 2003). The concentration of Cd
can be ordered as follows: B. belone>E. aeneus=
D. labrax > S. sarda > Soleidae = S. auratus >
P. maxima =M. barbatus > E. encrasicolus =

Table 4 Maximum permitted concentrations (μg/g wet weight) of certain heavy metals in fishes for different international standards and
concentration range in fish samples determined in this study

International standards Heavy metals References

Cu Pb Cd

European Commission – 0.30 0.05 EC (2006)

Turkish Food Codex – 0.30 0.05 Turkish Food Codex (2008)

Australia Food Standards – 0.50 2 FSANZ (2011)

FAO/WHO Limits 30 0.50 0.50 FAO/WHO (1989)

England 20 2.0 0.20 MAFF (2000)

Codex Standard – 0.30 – CODEX (2012)

Saudi Arabia 20 2.0 0.5 SASO (1997)

Range in this study 0.54–1.79 0.82–1.40 0.48–1.06 This study
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P. saltatrix=Salmothymus with values of 1.06±0.16,
0.85±0.09, 0.85±0.09, 0.70±0.09, 0.64±0.09, 0.64±
0.09, 0.54±0.09, 0.54±0.09, 0.48±0.09, 0.48±0.09,
and 0.48±0.09 μg/g, respectively. Cd levels have been
reported in the range of 0.01–4.16 μg/g (Turkmen et al.
2005), 0.09–0.48 μg/g (Tuzen 2003), 0.010–0.084 μg/g
(Yilmaz et al. 2007), and 0.45–0.90 μg/g (Uluozlu et al.
2007). According to the Turkish Food Codex, the max-
imum Cd level permitted for fish is 0.05 μg/g (Turkish
Food 2008). Levels in analyzed samples were found to
be higher than those in Turkish Standards; however, the
Australian Food Standards permitted limit for Cd is
higher than the other cited international standards given
in Table 4.

Fe levels are not high in oil rich fish, but since Fe is
absorbed easily from these species, it is a useful dietary
source (Irish Sea Fisheries Board 2005). Fe concentra-
tion had the highest value in all the fish species studied.
The order was as follows: E. aeneus>P. maxima>
B. belone>S. sarda>D. labrax>Salmothymus=
M. barbatus > S. auratus > E. encrasicolus >
P. saltatrix>Soleidae with values of 122.8±0.59, 92.3
±2.93, 47.4±0.59, 25.4±0.59, 12.8±0.91, 11.0±0.69,
11.0±0.34, 10.4±0.69, 8.41±0.69, 6.44±0.59, and 5.05
±0.69 μg/g, respectively. Fe contents in the literature
have been reported in the range of 0.82–27.4 μg/g
(Turkmen et al. 2005), 9.52–2.34 μg/g (Tuzen 2003),
71–186 μg/g (Begum et al. 2005), and 68.6–163 μg/g

Table 5 Comparison of permissible tolerable daily and weekly intake with calculated values in fish species

Cu Pb Co Ni Cr Mn Cd Fe

Sparus auratus (CDI) 24.4 27.9 72.8 24.7 104.5 16.7 12.9 207.8

Dicentrarhus labrax (CDI) 20.2 21.5 90.8 46.3 108.3 19.3 17.0 255.3

Mullus barbatus (CDI) 22.3 26.6 47.6 27.3 100.5 15.3 10.7 219.7

Belone belone (CDI) 10.7 24.1 54.8 57.1 115.7 20.7 21.2 948.0

Psetta maxima (CDI) 16.0 16.3 47.6 51.7 104.5 16.7 10.7 1846.4

Epinephelus aeneus (CDI) 12.9 24.1 69.2 32.7 119.3 15.3 17.0 2456.0

Salmothymus (CDI) 10.7 27.9 76.4 43.7 115.7 32.8 9.7 219.7

Soleidae (CDI) 13.9 20.2 65.6 40.9 100.5 66.4 12.9 101.0

Pomatomus saltatrix (CDI) 16.0 18.9 47.6 24.7 100.3 46.2 9.7 128.7

Engraulis encrasicolus (CDI) 20.2 15.1 58.4 73.5 115.7 36.9 9.7 168.3

Sarda sarda (CDI) 35.9 18.9 83.6 57.1 108.3 71.7 13.9 508.6

PTWI (μg/week/kg body weight) 3,500 25 – 35 – 980 7 5,600

PTDI (μg/day/70 kg body weight) 35,000 250 – 350 – 9,800 70 56,000

PTWI (μg/week/70 kg body weight) 245,000 1750 – 2450 – 68600 490 392,000

CDI calculated daily intake (μg/day/70 kg body weight), PTWI permissible tolerable weekly intake (μg/week/kg body weight), PTDI
permissible tolerable daily intake for 70 kg adult person (μg/day/70 kg body weight), PTWI permissible tolerable weekly intake for 70 kg
adult person (μg/week/70 kg body weight)

Table 6 Correlation coefficient
between metal concentrations in
fish samples

Cu Pb Co Ni Cr Mn Cd Fe

Cu 1.000

Pb −0.169 1.000

Co 0.350 0.216 1.000

Ni 0.100 −0.594 0.112 1.000

Cr −0.294 0.098 0.291 0.486 1.000

Mn 0.360 −0.410 0.208 0.231 −0.253 1.000

Cd −0.129 0.199 0.302 0.132 0.407 −0.219 1.000

Fe −0.285 −0.087 −0.150 0.029 0.440 −0.409 0.376 1.000
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(Uluozlu et al. 2007). There is no information on the Fe
limit for fish in Turkey.

A linear correlation test was performed for the
correlations among metal concentrations in the ana-
lyzed fish species. Experimental data were subjected
to a statistical analysis, and correlation matrices were
produced to analyze the relationship among the in-
vestigated metal concentrations. The correlation coef-
ficient values among the metal concentrations are
shown in Table 6. The correlation among Cr and
Ni is significant at the 0.05 level, and there are
positive correlations for Co–Cu, Co–Pb, Cr–Co,
Mn–Cu, Mn–Co, Mn–Ni, Cd–Co, Cd–Cr, Fe–Cr,
Fe–Cd, with corresponding r values of 0.350,
0.216, 0.291, 0.360, 0.208, 0.231, 0.302, 0.407,
0.440, and 0.376, respectively. These positive corre-
lations may show that the origin of the metals in the
samples is highly related to the differences in the
aquatic environments concerning chemical form of
metal in the water, the level and type of water
pollution, water temperature, pH value, and dissolved
oxygen concentration. Ni–Cu, Ni–Co, Cr–Pb, Cd–Pb,
and Cd–Ni are correlated weakly. The lowest nega-
tive correlation is between Fe and Ni with the value
of 0.029.

A comparison of the permissible tolerable daily and
weekly intake with calculated values in fish species is
shown in Table 5. The average daily fish consumption in
Turkey is 20 g per person assuming an average body
weight of 70 kg (FAO Food and Agriculture
Organization of the United Nations 2005; Turkmen
et al. 2009). By multiplying this consumption value by
the average concentration of each metal in analyzed fish
species, the average daily intake of metals per person
can be calculated. The calculated metal intakes were
compared with the respective permissible tolerable daily
intake (PTDI) for a 70-kg person. Given in Table 5, the
values of calculated daily intake (CDI) of metals in the
muscles of fish analyzed in this study are well below
their corresponding permissible tolerable daily intake
values. The dose of a toxic metal that one obtains from
fish, however, not only depends on the concentration of
a specific metal in the fish but also on the quantity of fish
consumed. Considering normal consumption habits, we
can firmly state that the calculated daily intake of fish is
far below the actual daily amount of fish consumed.
Therefore, there is no risk for human health in those
with normal fish consumption levels who obtain fish
from local retailers in Kayseri.

Conclusions

In conclusion, this study provided new data dealing with
a limited number of fish species. Since this data belong
to limited fish species, period of time, and regions, it
would not be right to claim to specify a heavy metal
accumulation trend. Therefore, more data including dif-
ferent conditions are necessary. The values are lower
than those reported by some other international stan-
dards, such as those from Australia, the UK, and Saudi
Arabia. The results of the heavy metals analyzed in this
study showed an uneven distribution in the fish species
(Table 6). Their concentrations are above the European
Commission’s and Turkish Food Codex’s maximum
permissible levels (Table 4). Non-essential heavy
metals, such as Cd and Pb, have no biological function,
but are rather harmful to fish and humans even at very
low concentrations.

On the other hand, although heavy metal levels de-
termined from studied samples are above the interna-
tional standards, the permissible tolerable daily intake
values show that calculated daily intakes are far below
the recommended values in Turkey. So, it may be con-
cluded that consumption of these species from different
seas does not pose a problem to human health.
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