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Abstract 

The purpose of the current study is to evaluate the levels of seven heavy metals (arsenic, copper, zinc, mercury, 
lead, cadmium and iron) and metal (aluminium,) in the edible tissues of Scophthalmus maximus, Spicara 
maena, Chelidonichthys lucerna, Alosa fallax and Scorpaena porcus caught in Sinop coasts of the Black Sea. 
The samples were obtained during the fishing season in 2013 directly from the Turkish fishing vessels. Hg, Cd 
and Pb were not detected in the edible part of all fish samples.  The metal levels in edible tissues did not exceed 
the standard guideline values. Estimated hazard index (HI) suggest that these metals in the edible tissues of the 
fish were not toxic for consumers, where the HIs of all the considered metals were below the value of 1. 

Keywords: Black Sea, heavy metals, estimated daily intake (EDI), hazard quotient (HQ), hazard index (HI) 

Introduction 

The concentrations of heavy metal 
contaminations are an important factor because 
of its hazards effects on marine coastal 
ecosystem. These heavy metals are tolerable at 
even low levels and above certain concentration 
they become toxic for marine species especially 
fish. The major risk to consumer is especially 
non-essential metals such as mercury, arsenic, 
cadmium and lead. Heavy metal contamination 
of marine coastal ecosystem is associated with 
a wide range of sources like dumping of 
industrial and domestic waste, untreated 
sewage, spills of toxic chemicals, agricultural 
chemicals and others, which can impact the 
health of marine life. It should not be forgotten 
that fish are natural water inhabitants and 
cannot escape the harmful effects of heavy 
metals. Fish are exposed to heavy metals in 
polluted and contaminated waters. Heavy 
metals from the human activities and sources 
are continually released into aquatic 
ecosystems. They are serious health risks due to 
of their toxicity, long persistence, 
bioaccumulation and bio-magnifications in the 
food chain. 
In the Black Sea much is known about the 
problems caused by the heavy metals in coastal 
area and their effect on fishing resources, 

ecosystems and human health. It receives a 
diversity of toxic compounds from industrial, 
domestic, agricultural, mining, livestock and 
other sources through direct dumping from 
rivers and runoff, posing risks to those people 
whom base their diet on resources coming from 
the Black Sea. The Black Sea ecosystem has 
been seriously damaged as a result of pollution 
(Algan, et al., 1999 and 2000; Polikarpov et al., 
2004; Yüce and Gazioğlu, 2006). Bat (2014) 
indicated that heavy metal pollution the Black 
Sea ecosystems are growing at a danger level 
and have become an important problem. 

Fisheries became such a vital part of the 
commerce of coastal towns in Turkey that their 
importance in conducive useful nutrition for 
people, supplying raw material for the 
industrial sector, composing the employment 
possibilities and high potential for export 
(OECD, 2014). Some economic fishes have 
been significantly declined due to overfishing, 
industrialisation and urbanisation which have 
caused fisheries the most favoured species to 
decrease in the Black Sea coast of Turkey 
(Kideys, 1994; Bat et al., 2007; Güven et al., 
2010). Therefore, fish have been found to be 
good bio-indicators of heavy metal 
contamination in marine ecosystems (Bat, 
2014). Muscle tissue of fish is the most 
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frequently used for analysis because of the 
main edible part of the fish. 

Sinop is considered as the mid-point of the 
Black Sea in Turkey and is located on Boztepe 
peninsula which is the most extended point of 
Turkish Black Sea coastline towards north. The 
fact that three sides of the peninsula are 
surrounded by sea has made fisheries a 
significant means of income.  Fishery has an 
important place in the economy of Sinop.   

The purpose of the current study is to evaluate 
the levels of seven heavy metals arsenic, 
copper, zinc, mercury, iron, cadmium and lead) 
and metal (aluminium) in the edible tissues of 
Scophthalmus maximus, Spicara maena, 
Chelidonichthys lucerna, Alosa fallax and 
Scorpaena porcus caught in Sinop coasts of the 
Black Sea. It was also attempted to compare the 
measured values with national and international 
standards for food and human health. 

Fig 1. Fish sampling area from Sinop coasts of the Black Sea, Turkey. 

Materials and Methods 

Study Area 

The fish used in the present study were 
Scophthalmus maximus, Spicara maena, 
Chelidonichthys lucerna, Alosa fallax and 
Scorpaena porcus. Fish were sampled during 
September 2013 to December 2013 directly 
from local fishing vessels in Sinop coats of the 
Black Sea (Figure 1). 

Preparation fish samples and determination of 
heavy metals 

The fish samples were taken randomly and only 
consumable sizes were used. Then fish 

specimens were measured for total length (TL) 
by using wooden measuring tray to the nearest 
0.1 cm. The mean lengths of Scophthalmus 
maximus, Spicara maena, Chelidonichthys 
lucerna, Alosa fallax and Scorpaena porcus 
were 47±5, 12±0.6; 28±3; 25±3 and 14±1 cm, 
respectively. 

Fish samples were then labelled, preserved 
using ice and transported to the main 
laboratory. All the samples were stored at -210C 
prior to pre-treatment and analysis (modified 
from UNEP 1984). 

Metal analysis in fish was performed using m-
AOAC 999.10- ICP/MS (Inductively Coupled 
Plasma – Mass Spectrometer) method by 
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accredited ÇEVRE Industrial Analysis 
Laboratory Services Trade Company 
(TÜRKAK Test TS EN ISO IEC 17025 AB-
0364-T). EN 15763 European Standard 
methods was applied. The limits of detection 
used for analysis of aluminium (Al), arsenic 
(As), copper (Cu), zinc (Zn), mercury (Hg), 
lead (Pb), cadmium (Cd) and iron (Fe) were 
0.5, 0.05, 0.5, 0.5, 0.05, 0.05, 0.02 and 0.5, 
respectively. 

Assessments Hazard Quotient (HQ) and 
Hazard Index (HI) of metals in fish and Intake 
Levels Calculation 

Risk from metals intake through ingestion may 
be characterized using a Hazard Quotient (HQ) 
as the ratio of the estimated metal dose (EDI 
mg/kg of body weight per day) and the 
reference dose (Rf. D mg/ kg) (Khan et al., 
2009; Zhuang et al., 2013; Ukoha et al., 2014; 
Akoto et al., 2014; Ahmed et al., 2016). Rf. D 
values were developed by US EPA and Agency 
for Toxic Substances and Disease Registry 
(ATSDR) for consumption as estimates of daily 
exposures to a contaminant that are probably 
without a noticeable risk of injurious effects to 
the general population during a lifespan of 
exposure (US EPA, 1989, 2002 and 2011a,b; 
ATSDR, 2005).  

If HQ > 1.0, then the EDI of a particular metal 
exceeds the Rf. D, indicating that there is a 
potential risk associated with that metal. The 
estimated daily intake (EDI) depends on both 
the metal concentration level and the amount of 
consumption of fish. The average heavy metal 
daily intake of metals was determined using the 
following equation. 
Metals intake level = average metal content X 
daily average consumption of fish per person/ 
body weight. 

Total Hazard Index (THI) = Σ HQ = HQAl + 
HQAs + HQCu + HQHg+ HQFe + HQCd + HQPb 
(Ukoha et al., 2014). 

The annual quantity of fish consumed is 6.3 kg 
/ person in 2013 (TUIK, 2014), which is 
equivalent to 17.3 g/day for Turkey. The body 
weight of adult person is 70 kg. 

Statistical Analysis 

Data were expressed as mean ± standard 
deviation (SD). Data were analysed by 
ANOVA at α= 0.05. Comparison of means was 
performed by Duncan test and difference was 
considered significant at p ˂ 0.05 (Zar, 1984). 
IBM SPSS Statistics version 21 software is 
used for statistical analysis. 

Results 

The analytical data for these metals showed that 
there was difference in metal content in various 
fish.  In the present study the concentration of 
metals was in order of Fe > Zn > Cu > Al > As 
> Pb > Cd > Hg. Figure 2 showed that the 
concentration levels varied from 0.54 (S. 
maximus) to 1.21 (A. fallax) mg/kg wet wt. for 
Cu; from 2 (C. lucerna) to 8 (A. fallax) mg/kg 
wet wt. for Zn; from 9 (C. lucerna) to 19 (A. 
fallax) mg/kg wet wt. for Fe.  

The levels of Hg, Pb and Cd in all fish were 
below the limit of detections (0.05, 0.05 and 
0.02 mg/kg, respectively). The As levels in S. 
maximus, C. lucerna and S. porcus were 
below the limit of detection (0.05 mg/kg). 
However, the highest As (0.29 mg/kg wet wt.) 
was found in the edible tissues of S. maena 
followed in A. fallax (0.25 mg/kg wet wt.). 
Similarly Al levels in C. lucerna and S. 
porcus were below the limit of detection 
(0.5 mg/kg). However, the highest Al (0.91 
mg/kg wet wt.) was found in A. fallax 
followed by S. maena (0.72 mg/kg wet wt.) 
and S. maximus (0.65 mg/kg wet wt.). 

In respect to health risk, the tolerable weekly 
consumes were calculated by means of 
references for edible tissues of fishes consumed 
by people. The annual quantity of fish 
consumed is 6.3 kg/person in 2013 (TUIK, 
2014), which is come up to 17.3 g/day for 
Turkey. The EWI (Estimated Weekly Intake) 
and EDI (Estimated Daily Intake) worth were 
given in Table 1. The tolerable weekly intake of 
heavy metals as PTWI (Provisional Tolerable 
Weekly Intake), are set by the Food and 
Agriculture Organization/World Health 
Organization (FAO/WHO) Joint Expert 
Committee on Food Additives (JECFA).  

Bat et al., / IJEGEO 4(2): 94-102 (2017) 
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Fig 2. The means with standard deviations (vertical line) of As, Cu, Zn, Hg, Pb, Cd, Fe and Al 
concentrations (mg/kg wet wt.) in the edible tissues of fish species collected from Sinop 
coasts of the Black Sea during fishing season in 2013. The same letters beside the vertical bars 
indicate the values are not significantly different (P>0.05). 

Bat et al., / IJEGEO 4(2): 94-102 (2017) 
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PTWI is the maximum level of a pollutant to 
which a person can be exposed per week over 
a lifetime without an unacceptable risk of 
health effects (National Academy of 
Sciences, 1989; WHO, 1996; Council of 
Europe, 2001; FAO/WHO, 2010; EFSA 
2010, 2012a,b). 

Estimated hazard quotient (HQ) of Al, As, 
Cu, Zn, Hg, Pb, Cd and Fe suggest that these 
metals in the edible tissues of S. maximus, S. 
maena, C. lucerna, A. fallax and S. porcus do 
not pose any apparent threat to people, where 
the HIs of all the considered metals (Total 

Hazard Index (THI) = Σ HQn = 0.034) were 
below the value of 1 (Figure 3). 

If the total hazard index (THI) is below 1.0, 
no health risk may occur as a result of 
ingestion of the fish and the greater the value 
of THI above 1, the greater is the level of risk 
associated with the fish consumption. Hence, 
THI = 0.0 to 1 means no hazard; 1.1 to 10 
means moderate hazard while greater than 10 
means high hazard or risk (Ukoha et al., 

2014). 

Fig 3. Total hazard quotient of As, Cu, Zn, Hg, Pb, Cd, Fe and Al via consumption of S. maximus, 
S. maena, C. lucerna, A. fallax and S. porcus. 

Bat et al., / IJEGEO 4(2): 94-102 (2017) 
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Table 1. Estimated Weekly Intakes (EWI) and Estimated Daily Intakes (EDI) of metals in edible 
tissues of commercial fish from Sinop coastal waters of the Black Sea, Turkey. 

Metals PTWIa PTDIb EWIc EDId 

Minimum Maximum Minimum Maximum 
Al 70 10 -- 0.040 -- 0.006 
As * * -- 0.013 -- 0.002
Cu 245 35 0.024 0.053 0.003 0.008 
Zn 490 70 0.088 0.353 0.013 0.050 
Fe 392 56 0.397 0.838 0.057 0.120 
Cd 0.49 0.07 Below Detection Limit 
Pb 1.75 0.25 Below Detection Limit 
Hg 0.28 0.04 Below Detection Limit 

aPTWI (Provisional Tolerable Weekly Intake) (mg/week/70 kg body wt.) 
bPTDI (Permissible Tolerable Daily Intake) (mg/day/70 kg body wt.) 
cEWI (Estimated Weekly Intake) (mg/week/ kg body wt.) 
dEDI (Estimated Daily Intake) (mg/day/ kg body wt.)  
*There is no PTWI set for As

Discussion and Conclusios  

Legal thresholds are not available for essential 
elements in European Commission Regulation 
(EC, 2006). There is also no maximum level set 
for As in foods at EU level. However European 
Commission Regulation (EC, 2006) indicates 
that maximum levels of Hg, Pb and Cd are 0.5, 
0.30 and 0.05 mg/kg wet wt., respectively. 
Overall, the findings from the present study 
revealed that Al, As, Cu, Zn, Hg, Fe, Cd and Pb 
concentrations in the edible tissues of fish 
species were lower than the maximum 
permissible limit as recommended by the 
Turkish Food Codex (TFC, 2002) and 
European Commission Regulation (EC, 2006). 
The concentrations of these metals in muscle 
tissues of the samples were not risky to human 
health. These data provide a useful baseline to 
measure any future changes in local pollution. 

In the present study values in edible tissues 
were lower than those reported by other studies 
in the Turkish Black Sea coast.  Cd, Pb, Cu and 
Zn concentrations were found to be highest in 
Spicara smaris at Rize and Pazar (Topcuoğlu et 
al., 2003) compared to S. maena in this study.  

Similarly, Pb and Cd concentrations were found 
to be highest in Psetta maxima at Igneada 
(Topçuoğlu et al., 1990) and very high levels of 
Fe, Zn, Cu, Pb and Cd in P. maxima at Samsun, 
Sinop, Terme, Fatsa and Ordu (Nisbet et al., 

2010) when compared to Scophthalmus 
maximus in this study.   

Cd, Pb, Cu and Zn levels in Alosa caspia from 
Samsun were also high (Tüzen, 2003), but Fe 
levels were similar in A. fallax from Sinop in 
this study. Moreover, Nisbet et al. (2010) found 
very high concentrations of Fe, Zn, Cu, Pb and 
Cd in Alosa caspia from Samsun, Sinop, 
Terme, Fatsa and Ordu when compare to A. 
fallax in this study.  Bat et al. (2012) have 
investigated heavy metal levels in Scorpaena 
porcus and Spicara maena of the same 
sampling area and found higher Zn, Cu, Cd and 
Pb accumulation in fish species. Balkıs et al. 
(2012) also found Cd and Pb levels in 
Merlangius merlangus euxinus from the 
southern Black Sea coast were higher than 
those in the critical levels.  These studies 
indicated that different levels of heavy metals 
in different fish species could be the result of 
ecological needs, metabolism and feeding 
patterns (Yılmaz, 2003), behaviour and body 
size (Tüzen, 2003).  

Estimated hazarded quotients of all the 
considered metals were below the value of 1, 
therefore the metals in fish samples do not pose 
any apparent threat to the population and these 
fishes are healthy for consumption. 

The present study has demonstrated that metal 
levels in five species of these sea fish caught in 
Sinop coasts of the Black Sea do not have 

Bat et al., / IJEGEO 4(2): 94-102 (2017) 
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inordinately high levels in the edible muscle 
tissue. Whether essential or not heavy metals 
toxic to man (Al, As, Cu, Zn, Hg, Pb, Cd and 
Fe) have natural levels in S. maximus, S. 
maena, C. lucerna, A. fallax and S. porcus 
which are well below those likely to cause a 
problem in public health. Sinop coast is 
relatively unpolluted and is relatively far from 
large urban centres along the coastline. 
Therefore it is concluded that the metal levels 
may be taken as a convenient base line against 
which any future pollution trends might be 
measured. 
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