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Abstract
The current research was performed to detect the heavy metal 
amounts (Hg, As, Cd, Pb, Cu, Zn) in one of the most common  
fish species (Scorpaena porcus Linnaeus, 1758) captured from the 
south shores of the Black Sea during the fishing season in 2016. 
Heavy metals were examined by using ICP-MS (Inductively Coupled 
Plasma - Mass Spectrophotometer). The amounts of the metals (Hg, 
Pb and Cd) in some specimen were under the detection limits. The 
maximum levels of all measured metals are as low the recommended 
limit by the admitted organizations. It was shown that the measured 
metal amounts in edible tissue of the S. porcus were under the well-
being levels for people consumption for the average Estimated Daily 
Intake (EDI) and Hazarded Index (HI<1).
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Introduction
Seafood especially fish species are consumed 
high in the Black Sea coast since they are sources 
of energy and protein with high biological value, 
and contribute to the intake of essential nutrients, 
and vitamins A and D, with well-being benefits.1,2 
Marine organisms are exposed to pollutants like 
toxic chemicals in contaminated coastal ecosystem. 
These chemicals off the anthropogenic sources and 
activities are frequently let into coastal areas and 

especially non-essential metals are major well-being 
threat on account of their poisonousness, extended 
continuity, bioaccumulation, and bio-magnifications 
in the food-web. Non-essential metals such as Pb, 
Cd, As and Hg can reason for brain and central 
nervous system harm.3-8 They are very crucial to 
determine and monitor metal amounts in fish, the 
fact that metal ions can readily pile up in their edible 
tissues. Coastal ecosystems are contaminated by 
pollutants, industrial wastes, petroleum products, 



256BAT et al., Curr. Agri. Res., Vol. 6(3) 255-260 (2018)

paints, fishing and touristic activities, domesticated 
and farming drains in the form of pieces, inorganic 
and organic mixtures. These metal ions gathering 
in fish become considerable and eventually toxic. 
Because of fish is one of the major diets to be 
consumed for in good health, hence, heavy metals 
in edible tissues of fish threaten people health.

Coastal ecosystems are much sensitive to heavy 
metal contaminants specifically; little fish get 
enriched with the taken substances. Thus, it should 
be used for bio monitoring studies.

Turkey is encircled with four different seas and 
fishing is one of the largest sources of income for the 
country9 and the Black Sea has a great importance 
in terms of fishing resources for Turkey. In the last 
half century, the Black Sea has undergone significant 
changes triggered by human activities and exposed 
to a severe pollution. Pollutants such as heavy metals 
and certain synthetic chemicals are easily absorbed 
with food, but they are not easily removed, and even 
low organisms in the food chain can be affected.10-12 
In very recent review it is well documented that 
heavy metals can be extremely toxic even at low 
concentrations.13 Heavy metals are quickly absorbed 
in sediment particles suspended in the coastal water, 
which settlement in the floor.14,15 Marine organisms 
accumulate heavy metals to levels many times higher 
than those in water or sediment16-19 and they can 
reach dangerous levels in fish species. Scorpaena 
porcus Linnaeus, 1758 has a native stock in the 
Black Sea and located in various habitats containing 
seagrasses, sandy, muddy and rocky substrates.20 It 
lives a solitary and sedentary life and feeds on small 
fishes (gobies, blennies), crustaceans and other 
invertebrates.21 S. porcus is an important commercial 
fishes for the Black Sea and also Sinop which is one 

of the most important fishing spots of the Black Sea 
and this species is susceptible to chronic coastal 
pollution.20

The current study was aimed to provide information 
on heavy metal amounts in the dorsal (edible) tissues 
of commercial demersal Black Scorpionfish existing 
in Sinop fish markets and to appraise the probable 
risk related to their consumption. The amounts of 
mercury (Hg), arsenic (As), cadmium (Cd), lead 
(Pb), copper (Cu) and zinc (Zn) were determined 
in the muscles of S. porcus from Sinop shores. The 
estimated daily intakes (EDI) and hazarded quotients 
(HI) in edible tissues of fish were also calculated to 
detect the welfare threats owing to the consumption 
of probable contaminated fish.

Materials and Methods

Samples and sample preparation
The Black Scorpionfish specimens were purchased 
from haphazard commercial market bound up with 
the availability of the species for sale. A total of 
fifty specimens were purchased during the fishing 
season in 2016 from Sinop shores of the Black 
Sea (Figure 1). The total lengths (cm) and the body 
weights (g) of each fish individuals were measured 
and then were washed with deionized water, 
sealed in polyethylene bags and kept in a freezer 
at -21oC until metal analysis (Figure 2). All plastic 
and glassware used were rinsed and soaked in 
10% (v/v) HNO3 overnight. They were rinsed with 
deionized water and dried prior using. All acids and 
oxidants were of high quality from Merck, Germany. 
The samples digested with Suprapur® HNO3 
using a microwave digestion system (Milestone 
Systems, Start D 260) for analysis. Fish muscles 
were analysed by an ICP-MS, Agilent Technologies, 

Fig. 1: Sinop coasts of the Black Sea
Fig. 2: Scorpaena porcus from Sinop coasts 

of the Black Sea
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7700X and analytical quality was controlled with 
certified reference material NRCC-TORT-2 lobster 
hepatopancreas.

Assessments hazard index (HI) of heavy metals 
in fish
Danger from heavy metals intake right ingestion 
may be characterized using a hazard index (HI) as 
the rate of the estimated daily intakes (EDIs mg/kg 
of body wt. per day) and the reference dose (Rf. D. 
mg/ kg per day). The HI was found by employing 
the equation:

HI = EDI/ Rf. D.

If HI > 1.0, the EDI of a certain metal pass over the Rf. 
D., so indicating that there exists a possible hazard 
metal. It counts on both the metal levels and the 
quantity of consumption of fish. The EDI of chemicals 
was found employing the following equation:

EDI = Cmetal × W / b. wt.

Where
Cmetal is the amounts of the metals in edible tissues of 
fish; W appears for the daily mean intake:  it is given 
as 17 g/day for adults22; b. wt. is the body weight of 
70 kg for adults. 

Results
Mean lengths (cm) and weights (g) S. porcus 
specimens were measured as 15.12±2.34 and 
69±8, respectively. The recovery percentages 
results ranged from 96% to 104%. Mean metal 
levels in Black Scorpionfish from Sinop coasts are 
given in Figure 3. The heavy metal amounts found 
in the dorsal part of Scorpionfish varied for Hg: Nd-
0.012, As: 0.06-0.09, Cd:  Nd-0.01, Pb: Nd-0.02, 
Cu: 0.05-0.14 and Zn: 0.9-3.22 mg/kg wet wt. When 
the maximum values of the metals were taken into 
consideration, the order of the metal concentrations 
was found as Zn>Cu>As>Pb>Hg>Cd.

In the present study, all studied metals in Scorpion 
fish were quite low and did not exceed the 
allowable limit, so there is no hazard to S. porcus 
for consumers. The amounts of the metals in 
Black Scorpionfish were under the limits set by 
international and national regulations (Table 1). 
Non-essential metals like Hg, Cd, As and Pb are 
heavy and toxic chemical in fish, the existing of these 
metals in fish may have threat on people health. As 
is toxic and is found at quite low levels in fish. The 
United Kingdom previously imposed a limit of 1 mg/
kg for As in fish with separate limits feasible to certain 
seafood categories. This arrangement was revoked 
in 2002. There is no maximum level set for arsenic 
in foods at EU level. Cu and Zn are essential metals 
to all biota and they make health threat when had in 
large amount exceeded the allowable limits.

Fig. 3 - Mean levels and standard deviation 
of Hg, As, Cd, Pb, Cu and Zn found in edible 
tissues of in Scorpaena porcus from Sinop 

shores of the Black Sea in 2016.

Table 1 - The allowable limits of the metals in the edible fish tissues (mg/kg wet weight)

Standards As Cd Pb Cu Zn Hg
MAFF Seafood Safety (Fish Product)23 -- <0.2 2 20 50 --
The European Commission Regulation24 -- 0.05 0.2 -- -- 0.5
Georgian Food Safety Rules 25 2 0.2 1 10 40 0.5
Turkish Food Codex26 -- 0.1 0.4 20 50 0.5
GAIN Report Russian Federation27 2 0.2 1 10 40 0.5
The European Commission Regulation28   -- 0.05 0.3 -- -- 0.5
Turkish Food Codex29 -- 0.05 0.3 -- -- 0.5
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Hg, As Cd and Pb turn into a concentrated structure 
thanks to the food-chains, posing a toxic risk to 
species in higher trophic levels. These predators 
may have levels of the heavy metals millions of 
times greater than the surrounding water. Eventually, 
people who are living in the coastal areas are the 
most affected by these pollutants.30

Daily intake of metals and hazard index
The daily intakes (EDIs) of the metals were estimated 
taking into account the mean of metal in the edible 
tissues of S. porcus and the mean taken of that 
fish per day for adults as reported by United States 
Environment Protection Agency.31 Table 2 shows that 
(EDI) of toxic metals (Hg, Cd, Pb, As) and essential 
metals (Cu, Zn) for adults. They are significantly 
lower than the allowed limits of international and 
national regulations (Table 1). Estimated hazarded 
indexes (HIs) of the metals suggest that the metals in 
fish samples do not pose any apparent danger to the 
population, where the HIs of all the metals studied 
were below the value of 131 as given by Table 2.

The comparison of heavy metal concentrations in 
muscle tissues in S. porcus with other studies was 
given in Table 3. In the Sinop coasts of the Black Sea, 
the maximum metal concentrations reported for Zn, 
Cu and Cd by Bat et al.32, for As by Turk Çulha et 
al.33 Maximum Hg concentration was found in this 
study for Sinop but in the entire Black Sea maximum 
Hg concentration reported by Rudneva et al.34 in 
Sevastopol. The data obtained from the studies 
performed in the Sinop coasts were taken into 
consideration, the maximum metal concentrations 
in the Black Scorpionfish were under the limits set 
by international and national regulations. However 
Uluozlu et al.35 reported that the Zinc levels in S. 
porcus were found to be higher than legal limits in 
the Aegean Sea.

As a result, the concentrations of heavy metals in 
S. porcus in this study were lower than the other 
studies conducted in the Sinop coasts (except for 
Hg). Considering public health in adult persons 
with respect to the investigated heavy metals, the 
estimated daily intakes (EDIs) did not exceed the 
tolerable intakes. Therefore, consuming S. porcus 
does not involve any danger to the public health in 
terms of studied heavy metals.
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Fish may concentrate heavy metals in their edible 
tissues, becoming extremely toxic in the course. A 
number of land-based waste products, notably toxic 
heavy metals, exert a direct effect on commercial 
fish stocks. Especially non-essential metals such as 



259BAT et al., Curr. Agri. Res., Vol. 6(3) 255-260 (2018)

Acknowledgements
This study was presented as a poster with English 
abstract only in the International Symposium of 

Ecology 2018, Kastamonu University during 19-23 
June 2018 in Kastamonu, Turkey.

References

1. Cohen J.T., Bellinger D.C., Connor W.E., Kris-
Etherton P.M., Lawrence R.S., Savitz D.A., 
Shaywitz B.A., Teutsch S.M., Gray G.M. A 
quantitative risk–benefit analysis of changes 
in population fish consumption. American 
Journal of Preventive Medicine, 2005. 29(4): 
325–334.

2. Domingo J.L., Bocio A., Falcó G.,  Llobet J.M. 
Benefits and risks of fish consumption Part I. A 
quantitative analysis of the intake of omega-3 
fatty acids and chemical contaminants. 
Toxicology, 2007. 230: 219–226.

3. EFSA NDA Panel (EFSA Panel on Dietetic 
Products, Nutrition and Allergies). Scientific 
opinion on health benefits of seafood (fish 
and shellfish) consumption in relation to 
health risks associated with exposure to 
methylmercury. EFSA J. 2014. 12 (7), 761.

4. EFSA Panel on Contaminants in the Food 
Chain (CONTAM). Scientific opinion on lead 
in food. EFSA J. 2010. 8 (4), 1570.

5. EFSA. Cadmium dietary exposure in the 
European population. EFSA J. 2012. 10 (1): 
2551, 37 pp.

6. EFSA Panel on Contaminants in the Food 
Chain (CONTAM). Scientific opinion on the 
risk for public health related to the presence 
of mercury and methylmercury in food. EFSA 
J. 2012. 10 (12), 2985.

7. EFSA Scientific Committee. Statement on 
the benefits of fish/seafood consumption 
compared to the risks of methylmercury in 
fish/seafood. EFSA J. 2015.13 (1), 3982.

8. EFSA Panel on Contaminants in the Food 
Chain (CONTAM). Scientific opinion on 
arsenic in food. EFSA J. 2009. 7 (10), 1351.

9. Türkmen M., Türkmen A., Tepe Y., Ateş 
A., Gökkuş K. Determination of metal 
contaminations in sea foods from Marmara, 
Aegean and Mediterranean seas: twelve fish 
species. Food Chemistry, 2008. 108.2: 794-
800.

10. Bat L. Heavy metal pollution in the Black Sea. 

In: Düzgüneş E, Öztürk B, Zengin M. (Eds.). 
Turkish Fisheries in the Black Sea. Published 
by Turkish Marine Research Foundation 
(TUDAV), 2014.  Publication number: 40, 
ISBN: 987-975-8825-32-5 Istanbul, Turkey, 
p. 71-107. 

11. Bat L., Üstün F., Öztekin HC. Heavy metal 
concentrations in zooplankton of Sinop coasts 
of the Black Sea, Turkey. Marine Biological 
Journal, 2016. 1(1): 5-13.

12. Bat L., Sezgin M., Sahin F. Heavy metal 
contamination of aquatic resources from 
Turkish Black Sea waters. Journal of 
Environmental Protection and Ecology, 2018. 
19(2): 558-563.

13. Bat L., Arıcı E. Chapter 5. Heavy Metal 
Levels in Fish, Molluscs, and Crustacea From 
Turkish Seas and Potential Risk of Human 
Health. In: Holban AM, Grumezescu AM. 
(Eds.) Handbook of Food Bioengineering, 
Volume 13, Food Quality: Balancing Health 
and Disease. Elsevier, Academic Press, 
2018. ISBN: 978-0-12-811442-1, pp. 159-196. 
http://dx.doi.org/10.1016/B978-0-12-811442-
1.00005-5

14. Bat L., Özkan E.Y. Chapter 13. Heavy metal 
levels in sediment of the Turkish Black Sea 
coast. In: Bikarska I, Raykov V, Nikolov N. 
(Eds.) Progressive Engineering Practices in 
Marine Resource Management. IGI Global 
book series Advances in Environmental 
Engineering and Green Technologies 
(AEEGT), 2015.  ISSN: 2326-9162; eISSN: 
2326-9170, USA, pp. 399-419.   

15. Bat L., Öztekin A., Şahin F., Arıcı E., 
Özsandıkçı U. An overview of the Black Sea 
pollution in Turkey. MedFAR, 2018. 1(2):67-86.

16. Bryan G.W. Some aspects of heavy metal 
tolerance in aquatic organisms. In: A.P.M. 
Lockwood (Ed.), Effects of Pollutants on 
Aquatic organisms. Cambridge University 
Press., 1976. UK: 7-34.

17. Phillips D.J.H., Rainbow P.S. Biomonitoring 
of trace aquatic contaminants. Environmental 
Management Series, Chapman and Hall, 



260BAT et al., Curr. Agri. Res., Vol. 6(3) 255-260 (2018)

London, 1994. 371 pp.
18. Bat L., Gökkurt O., Sezgin M., Üstün F., Sahin 

F. Evaluation of the Black Sea Land Based 
Sources of Pollution the Coastal Region of 
Turkey. The Open Marine Biology Journal, 
2009. 3: 112-124.

19. Boran M., Altinok I. A review of heavy metals 
in water, sediment and living organisms in the 
Black Sea. Turkish Journal of Fisheries and 
Aquatic Sciences, 2010. 10(4): 565-572.

20. IUCN. The IUCN Red List of Threatened 
Species. Version 2017-3. <http://www.
iucnredlist.org>. 2017. Accessed date: 
12.09.2018

21. Froese R., Pauly D. Editors. FishBase. 
World Wide Web electronic publication. 
www.fishbase.org 2018. Accessed date: 
30.03.2018

22. TUIK. Turkish Fishery Statistics. www.tuik.gov.
tr. 2016. Accessed date: 30.03.2018

23. MAFF. Monitoring and surveillance of non-
radioactive contaminants in the aquatic 
environment and activities regulating the 
disposal of wastes at sea, 1993.  Directorate 
of Fisheries research, Lowestoft; 1995. 
Aquatic Environment Monitoring Report, 
No.44.

24. EC (COMMISSION REGULATION). Setting 
maximum levels for certain contaminants 
in foodstuffs. The European Commission 
Regulation; 2001. No 466/2001.

25. Georgian Food Safety Rules. Fish, other river/
sea products and products made from them. 
The Minister's Decree 16/08/2001 N301/n 
for Health, Labour and Social Affairs; 2001. 
SanPiN-2.3.2.560-96.

26. TFC (Turkish Food Codex). Notifications about 
determination of the maximum levels for 
certain contaminants in foodstuffs of Turkish 
Food Codex (in Turkish). Official Gazette of 
Republic of Turkey; 2002. Notification No: 
2002/63, Issue: 24885.

27. GAIN (Global Agriculture Information 
Network) Repor t. Russian Federation 
Sanitary/ Phytosanitary/ Food Safety Russian 
Sanitary Rules and Norms; 2002. GAIN 
Report #RS2010. SanPiN-96. USDA Foreign 
Agricultural Service. Gossanepidnadzor 
Department of the Ministry of Public Health 

Care of Russia.
28. EC (COMMISSION REGULATION). Setting 

maximum levels for certain contaminants 
in foodstuffs. The European Commission 
Regulation; 2006. No 1881/2006.

29. TFC (Turkish Food Codex). Notifications 
changes to the maximum levels for certain 
contaminants in foodstuffs (in Turkish). 
Official Gazette of Republic of Turkey; 2009. 
Notification No: 2009/22, Issue: 27143.

30. Bat L. The Contamination Status of Heavy 
Metals in Fish from the Black Sea, Turkey and 
Potential Risks to Human Health. In: Sezgin, 
M., Bat, L., Ürkmez, D., Arıcı, E., Öztürk, 
B. (Eds.) Black Sea Marine Environment: 
The Turkish Shelf. Turkish Marine Research 
Foundation (TUDAV) 2017. Publication No: 
46, ISBN- 978-975-8825-38-7, Istanbul, 
TURKEY, pp. 322-418.

31. US-EPA. Risk based concentration table. 
United States Environmental Protection 
Agency, Philadelphia, PA, Washington, DC; 
2000.

32. Bat L., Sezgin M., Üstün F., Şahin F. Heavy 
metal concentrations in ten species of fishes 
caught in Sinop coastal waters of the Black 
Sea, Turkey. Turkish Journal of Fisheries and 
Aquatic Sciences, 2012.  12: 371-376.

33. Turk Çulha S., Yabanlı M., Baki B., Yozukmaz 
A. Heavy metals in tissues of Scorpionfish 
(Scorpaena porcus) caught from Black 
Sea (Turkey) and potential risks to human 
health. Environmental Science and Pollution 
Research, 2016. 23(20):20882-20892.

34. Rudneva I. I., Skuratovskaya E. N., Dorokhova 
I. I., Grab Y. A., Zalevskaya I. N., Omel’chenko 
S. O. Bioindication of the environmental 
state of marine areas with the use of fish 
biomarkers. Water resources, 2011. 38(1): 
107-112.

35. Uluozlu O. D., Tuzen M., Mendil D., Soylak 
M. Trace metal content in nine species of 
fish from the Black and Aegean Seas, Turkey. 
Food chemistry, 2007.  104(2): 835-840.

36. Sunlu U., Egemen Ö. The Investigation of 
Heavy Metal Levels in Scorpacna porcus 
L. 1758 Living in Izmir Bay. Mediterranean 
Fisheries Congress. 9-11 April. İzmir. 1997; 
487-494.


