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Abstract

Determination of heavy metal levels in fish is a substantial indicator for the pollution degree in
a marine ecosystem. The levels of the elements As, Pb, Cd, Hg, Mn, Zn and Al were determined
in the total bodies of a commercially valueble pelagic fish Engraulis encrasicolus (Linnaeus, 1758)
captured from two of the most important fishing municipalities in the western Black Sea. Samples
were collected during the fishing season between June and September in 2020 from Varna and Burgas.
Metals were determined by using ICP-MS (Inductively Coupled Plasma - Mass Spectrometry). The
order of the levels of the heavy metals in the fish samples was Zn > Al > Mn > As > Hg > Pb > Cd
from Varna and Zn > Al > Mn > As > Hg = Pb = Cd from Burgas. The experiment results were
discussed by comparison with literature values. According to the results heavy metal concentrations
in anchovy tissues were within the limits set by the EC regulations.
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HuBa Ha Te:xxku MeTajm B xamcus (engraulis encrasicolus L.) ot
ObJarapckoro Yepunomopue

Nnman ManeB, Xpucruna Hemoscka, Becesiun Kupos
Jlecomexnuuecku ynusepcumem, ®@axyrimem no Bemepunapna meouyuna — Cogus
ABtop 3a KopecnoneHus: E-mail: kirovvk@gmail.com

OmnpenensiHeTO HAa TEXKKU METaIH B pUOU € CHIECTBEH MOKA3aTell 3a CTENeHTa Ha 3aMbPCSIBaHE
Ha Mopckara exkocuctema. Enementure As, Pb, Cd, Hg, Mn, Zn u Al 6gxa onpeneneHu B ueian pudu
OT WUKOHOMUYECKH LieHHUs Bun Engraulis encrasicolus (Linnaeus, 1758), ynoBeHa ot nBa OT Haid-
BaXXHUTE pUOOJIOBHU paiioHa Ha YepHo Mope. [Ipobute Osixa cbOpaHu 1O BpeMe Ha PUOOIIOBHUS
ce30H Mexy 1oHU 1 centemBpu 2020 r. ot Bapna u byprac. XuMuuHNUTE €1€MEHTH C€ ONPENENsT C
nomorra Ha ICP-MS (MHAYKTHUBHO CBBp3aHa IJla3Ma - MacoBa ciekTpoMeTpusi). Pensr, B koiiTo ce
OTIpeNeNy ChABPKAHUETO Ha TeKKUTE METaIU B puOHHTE 1podu, Oemre Zn > Al > Mn > As > Hg >
Pb > Cd ot Bapna u Zn > Al > Mn > As > Hg = Pb = Cd ot byprac. Pesynrarute oT ekcriepumeHTa
0s1xa 00CHIEHU Upe3 CpaBHEHUE C JINTEpaTypHU cToMHOCTH. HammTe pesynraru nokaspar, ye KOH-
[EHTPAIMUTE Ha TeKKH METAJIM B THKAHUTE HA XaMCHs ca B peepeHTHUTE TPAHUIH, TIOCOUYCHH B
eBpOIEHCKOTO 3aKOHOATEIICTBO.

Kniouoeu dymu: Texxu Mmetanu, puda, xamcus, obnoakymynaius, YepHo mope
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Introduction

Heavy metal pollution of the aquatic environ-
ment is considered as one of the fundamental
ecological features resulted mainly by anthropo-
genic activity. The heavy metals pollution level
in sea aquatory is determined by measuring its
concentration in water, sediment and organisms
from different parts of the food chain (Boran and
Altinok, 2010). Bioaccumulation of heavy met-
als in fish is of ecological concern and because of
the consumer health impact (Bosch et al., 2016).

Black Sea (fig. 1) is a large semi-enclosed
sea with intense industrial and mining activities
along its shores. Heavy metals accumulation re-
mains one of the main environmental problems
in the Black Sea (Jitar et al., 2013). It is the re-
sult of both natural geological processes and to a
greater extent of a human activity (Alloway and
Ayres, 1997). Aquatic organisms such as fish ac-
cumulate metals to concentrations many times
higher than present in water or sediment (EI-
beshti et al., 2018).

Black Sea fisheries have been seriously dam-
aged as a result of eutrophication, overfishing

TURKEY
Fig. 1. Black Sea region

and the introduction of alien species, such as
Mnemiopsis (Aubrey et al., 1996). This leads to
social-economical as well as ecological conse-
quences (UNESCO, 2003). The Black Sea hosts
large quantities of migratory pelagic species, the
most important of which is the anchovy (En-
graulis encrasicholus, L, 1758, subsp. Engraulis
encrasicolus ponticus, Alexandrov, 1927) consti-
tuting more than 60% of total catch (Satilmis et
al., 2007).

Materials and Methods

Fish samples were collected from commer-
cial catches at two locations in Black Sea along
Bulgarian coastal area, Varna and Burgas (Fig.
1) from June to September 2020. Specimens of
similar body weight and length were selected.
Fish were stored at -20 °C until chemical analy-
sis.

Fish samples (whole body) were thoroughly
washed with ultra-pure water (18 MQ cm) wa-
ter. The analysis was carried out after homog-
enization (Vortex homogenizer), followed by

Samsun
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microwave assisted acid digestion procedure
(ETHOS UP High performance Microwave di-
gestion system, Milestone Inc). After digested
with nitric acid an appropriate spectroscopy
determination with Inductively coupled plasma
mass spectrometry (ICP-MS, Thermo Fisher ™)
was performed. The summarized results of this
study were presented as mean values (X) (mg/
kg) fresh weight + standard deviation (SD). The
data were subjected to a statistical analysis with
Student’s-test to estimate the significance of val-
ues (p <0.05).

Results and Discussion

This study aimed to determine heavy metals
(As, Pb, Cd, Hg, Mn, Zn and Al) in E. encrasi-
colus caught in the area of western Black Sea
Region.

The results of the tested metals in anchovy are
summarized in Table 1. The order of the levels of
the heavy metals was Zn > Al > Mn > As > Hg
>Pb > Cd from Varna and Zn > Al > Mn > As >
Hg = Pb = Cd from Burgas region. In general the
results from the northern region of the Bulgarian
Black Sea coast (Varna) showed higher heavy
metal pollution level compared to southern area
(Burgas) for all of the tested elements except for
Mn. In both areas the element with highest con-
centration was zinc, followed by aluminium. But
in Varna the determined concentrations of As,
Pb and Hg were more significant. In both investi-

gated areas Cd was the element with lowest con-
centration in anchovy tissue. European Union
and Bulgarian legislation set maximum levels of
Pb, Hg and Cd less than 0.3, 0.5 and 0.1 mg/kg w
wt respectively (EC, 2006; SG, 2004; SG, 2008).
Based on it the current results were below the
regulated maximum allowable levels.

The comparison of the results from the pres-
ent survey with available data for heavy metals
bioaccumulation level in anchovy from various
areas and periods of the Black Sea allows a cur-
rent environmental assessment, as well as to an-
alyze the health risk for the consumer (table 2).

To our knowledge there is no recent available
data concerning heavy metals accumulation in an-
chovy tissue from the Bulgarian Black Sea coast.

The analyzed anchovy samples from different
points of the Romanian coast identified exceed-
ed levels of lead and cadmium in 2010 based on
the allowed levels under the EU legislation and
for 2013 the recorded values were well below the
maximum allowable level (Galatchi et al., 2017).

The metal concentrations in E. encrasicolus
from the Turkish Black Sea coasts in 2013 de-
creased in the order Zn > Cu > Pb > As > Cd
> Hg (Bat et al., 2014). The mean value of Zn
and As were found from 11.22 and 0.60 mg/kg
wet weight, respectively, which was within the
tolerance levels of national and international
guidelines and were below Provisional Tolerable
Weekly Intake (PTWI) limits set by FAO/WHO
(2010). Several heavy metals were not detected
(Hg, Cd, Pb, Cu).

Table 1. Heavy metal concentrations (mg/kg wet weight) in total tissues of anchovy from Bulgarian Black

Sea coast

Element Unit Varna region Burgas region
As (X + SD) mg’kg 0.82+0.08 0.49+0.05
Pb (X + SD) ma/kg 0.055 £ 0.006 <0.05

Cd (X £ SD) mg/kg <0.05 <0.05

Hg (X £ SD) ma’kg 0.077 £ 0.008 <0.05

Mn (X + SD) ma/kg 2.23+0.22 3.91+£0.39
Zn (X £ SD) ma’kg M1 +£1.1 6.30 £ 0.63
Al (X £ SD) ma/kg <10.0° <10.0°

*Method detection limits
“p <0.05
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Table 2. Some heavy metal mean values in anchovy tissue from Black Sea coast (mg/kg, wet wt.)

Heavy metals (mg/kg) Area Mean value Reference
Pb Romania 0.746 Galatchi et al., 2017
Romania 0.092 Galatchi et al., 2017
Turkey 0.70 Bat et al., 2013
Turkey 0.05 Bat and Sezgin, 2015
Turkey 4.07 Tlrkmen and Dura, 2016
Cd Romania 0.358 Galatchi et al., 2017
Romania 0.074 Galatchi et al., 2017
Turkey 0.27 Tlzen, 2009
0.02 Bat and Sezgin, 2015
Hg Turkey 0.055 Tlzen, 2009
Turkey <0.05 Batetal., 2014
As Turkey 0.69 Bat et al., 2014
Turkey 0.65 Bat et al., 2014
Mn Turkey 0.76 Tarkmen et al., 2008
Turkey 91 Tlzen, 2009
Zn Turkey 17.56 Akaydin, 2014
Turkey 9.5 Bat et al., 2014
787 Bat etal., 2017

The testing of some commercially and for
the ecosystems important fish species from the
Black Sea (Trachurus mediterraneus, Engraulis
encrasicolus ponticus, and Sprattus sprattus) es-
tablished that highest concentrations of As, Cd,
Co, Cr, Cu, Pb, and Zn were found in E. encra-
sicolus ponticus, whereas the greatest concentra-
tions of Ni were found in 7. mediterraneusand
Mn in §. sprattus (Alkan et al., 2016).

The study of Rudneva et al. (2015) has dem-
onstrated that the anchovy samples caught in the
area of Crimea coastal (Black Sea and Azov Sea)
generally contained low concentrations of Cu
and Zn, while some samples collected in west-
ern and southern parts of Crimea contained high
Pb level.

The summary of the plenty of available data
shows the high level of variation, which neces-
sitates intensive and periodic monitoring in dif-
ferent sectors of the Black Sea coast, in order to
make a proper assessment of the risk to humans.
Zinc is the element with highest availability in
most of the reports, and at the same time highly

toxic nonessential heavy metals (Pb, Hg, Cd) are
generally low in concentration.

It is important to specify that the values of the
bioaccumulated metals can exhibited a signifi-
cant seasonal and regional variation, in which
all metals attained their maximum value during
summer, while the lowest levels were found dur-
ing winter. (Turkmen et al., 2008; Bahnasawy et
al., 2011). The environmental conditions might
play a key role on the processes of uptake, de-
position and elimination of the metals by organ-
isms (Copat et al., 2012). Differences in heavy
metal concentrations were also associated with
the fish species features and biology. Diet and
nutritional habits of pelagic species leads to low-
er concentrations of heavy metals accumulation
compared to the benthic fish (Bustamante et al.,
2003). Furthermore it should be noted that higher
heavy metal levels can be determined in the total
fish than in the muscle tissue (Gundogdu et al.,
2016). This can be because of the fact that total
tissue of the fish includes liver, kidney, digestive
tract, etc. and these accumulate heavy metals
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easily. For some elements a positive or negative
correlation between fat content and metals ac-
cumulation degree was established. There were
negative correlation between the fat content (%)
and the zinc concentrations in anchovy (Bat et
al., 2014).

Conclusions

The element with highest concentration in the
tested anchovy samples was Zn. In general in
northern part of the considered area the metals
were with higher values compared to the south.
However based on the determined concentrations
of the tested heavy metals which were below the
maximum levels according to the adopted legis-
lation documents, we can concluded than con-
sumption of anchovy from the Bulgarian Black
Sea coast does not pose a hazard health risk.

Acknowledgements

The current study is a part of Scientific Proj-
ect of University of Forestry “Heavy metals
bioaccumulation in hydrobionts”, grant number
NIS-B 1076/2020.

References

Alloway, B., & Ayres, D. C. (1997). Chemical Prin-
ciples of Environmental Pollution. 2nd Edition, Blackie
Academic Professional, Chapman and Hall, London.

Akaydin, A. (2014). Assessment of heavy metal bioac-
cumulation in economically important fish species in the
marine waters of the Eastern Black Sea. Giresun Univer-
sity Institute of Natural Sciences Department of Biology,
Masters Thesis, 70 p.

Alkan, N., Alkan, A., Gedik, K., & Fisher, A. (2016).
Assessment of metal concentrations in commercially
important fish species in Black Sea. Toxicology and In-
dustrial Health, 32(3), 447-456.

Aubrey, D., Moncheva, S., Demirov, E., Diaconu,
V., & Dimitrov, A. (1996). Environmental changes in the
western Black Sea related to anthropogenic and natural
conditions. Journal of Marine Systems, 7(2-4), 411-425.

Bahnasawy, M., Khidr, A. A., & Dheina, N. (2011).
Assessment of heavy metal concentrations in water, plank-
ton, and fish of Lake Manzala, Egypt. Turkish Journal of
Zoology, 35(2), 271-280.

Bat, L., Kaya, Y., & Oztekin, H. C. (2014). Heavy
metal levels in the Black Sea anchovy (Engraulis encra-
sicolus) as biomonitor and potential risk of human health.
Turkish Journal of Fisheries and Aquatic Sciences. 14:
845-851.

Bat, L., Arici, E., & Oztekin, A. (2017). Metal levels
in commercial pelagic fishes and their contribution to their
exposure in Turkish people of the Black Sea. J Fish Res.
2017; 1 (1): 1-4. J Fish Res 2017 Volume 1 Issue 1, 2.

Bat, L., & Sezgin, M. (2015). Heavy metal levels
in some commercial fish from Sinop coast of the Black
Sea, Turkey. In Proceedings of the Twelfth International
Conference on Mediterranean Coastal Environment
MEDCOAST (pp. 06-10). Varna, Bulgaria.

Bat, L., Sezgin, M., Gokkurt Baki, O., Ustin, F.,
& Sahin, F. (2013). Determination of heavy metals in
some commercial fish from the Black Sea coast of Turkey.
Walailak Journal of Science and Technology (WJST), 10(6),
581-589.

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

Bosch, A. C., O’Neill, B., Sigge, G. O., Kerwath, S.
E., & Hoffman, L. C. (2016). Heavy metals in marine
fish meat and consumer health: a review. Journal of the
Science of Food and Agriculture, 96(1), 32-48.

Bustamante, P., Bocher, P., Cherel, Y., Miramand,
P., & Caurant, F. (2003). Distribution of trace elements in
the tissues of benthic and pelagic fish from the Kerguelen
Islands. Science of the total environment, 313(1-3), 25-39.

Copat, C., Brundo, M. V., Arena, G., Grasso, A.,
Conti, G. O., Ledda, C., ... & Ferrante, M. (2012).
Seasonal wvariation of bioaccumulation in Engraulis
encrasicolus (Linneaus, 1758) and related biomarkers of
exposure. Ecotoxicology and environmental safety, 86,
31-37.

Elbeshti, R. T., Elderwish, N. M., Abdelali, K. M., &
Tastan, Y. (2018). Effects of Heavy Metals on Fish. Menba
Journal of Fisheries Faculty., Vol: 4, Issue:1, Page:36-47.

Galatchi, M., Oros, A., Coatu, V., Costache, M.,
Coprean, D., & Galatchi, L. D. (2017). Pollutant bioac-
cumulation in anchovy (Engraulis encrasicolus) tissue, fish
species of commercial interest at the Romanian Black Sea
coast. Ovidius University Annals of Chemistry, 28(1), 11-17.

Gundogdu, A., Culha, S. T., Kocbas, F., & Culha,
M. (2016). Heavy metal accummulation in muscles and
total bodies of Mullus barbatus, Trachurus trachurus and



CEJICKOCTOINAHCKA AKAJTEMMU S o XXIIBOTHOBB/IHU HAYKU, LVIII, 6/2021 73

Engraulis encrasicolus captured from the coast of Sinop,
Black Sea. Pakistan Journal of Zoology, 48(1). 25-34.

Jitar, O., Teodosiu, C., Nicoara, M., & Plavan, G.
(2013). Study of heavy metal pollution and bioaccumulation
In the Black Sea living environment. Environmental Engi-
neering & Management Journal (EEMJ), 12(2). 271-276.

Rudneva, 1. L., Boldyrev, D. A., Skuratovskaya, E.
N., & Zav’yalov, A. V. (2015). Some Trace Metals Pollu-
tion of Black Sea Anchovy from Crimean Coastal Region
(Black Sea and Azov Sea). Advances in Research, 341-349.
Article no.AIR.2015.029.

Satilmis, H. H., Bat, L., Sahin, F., Ustun, F., Oz-
demir, Z. B., & Kideys, A. E. (2007). Distribution Of
Anchovy (Engraulis Encrasicolus Ponticus) Eggs And
Larvae Off Sinop In 2003 (Southern Black Sea)., Rapp.
Comm. int. Mer Médit., 38, 587.

Tiirkmen, M., & Dura, N. (2016). Assessment of
heavy metal concentrations in fish from south western
Black Sea. . Indian Journal of Geo Marine Sciences.,
45(11): 1552-1559.

Tiirkmen, A., Tepe, Y., & Tiirkmen, M. (2008).
Metal levels in tissues of the European anchovy, Engraulis

encrasicolus L., 1758, and picarel, Spicara smaris L., 1758,
from Black, Marmara and Aegean Seas. Bulletin of envi-
ronmental contamination and toxicology, 80(6), 521-525.

Tuzen, M. (2009). Toxic and essential trace elemental
contents in fish species from the Black Sea, Turkey. Food
and chemical toxicology, 47(8), 1785-1790.

Commission Regulation (EC). Setting maximum levels
for certain contaminants in food stuffs. Off. J. Euro. Union.
Commission Regulation, No 1881/2006: 364, 5-24.

FAO. The food consumption refers to the amount of
food available for human consumption as estimated by
the FAO Food Balance Sheets. 2010. http:/www.fao.org/
home/en/. Last visited 02.11.2020

State Gazette (SG). Regulation of setting maximum
levels of certain contaminants in foodstuff. 2004, Number
31, 08 October, Issues 88.

State Gazette (SG). Regulation of settings maximum
level for certain contaminants in foodstuffs. 2008, 17 May,
Issue 26.

UNESCO, IOC/INF-1176 GOOS Report No. 133.
Black Sea GOOS Strategic Action and Implementation
Plan. 2003, 37-38.



