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ABSTRACT 

The aim of the current review study was to present data on the accumulation of various heavy metals in 

the Black Sea ecosystems. Subject of study were Pb, Cd, As, Hg, Mn, Ni, Cu, Zn, Fe etc. and their content in 

seawater, sediment, algae and various benthic organisms. Available data from the Bulgarian coast and also 

from different Black Sea areas were presented. 
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Introduction 

The Black Sea is the largest semi-enclosed sea in the world and widely perceived to be heavily 

polluted. Together with Azov Sea, it covers an area of 462000 km2. Its east to west dimension is 

1150 km and from north to south is 610 km. The depth of water approaches 2200 m and is virtually 

isolated from other seas (Readman et al., 2002). The Black Sea is surrounded by six countries located 

in Europe and Asia: Bulgaria, Georgia, Romania, Russia, Turkey and Ukraine (Fig. 1). To the south 

and southwest, the Strait of Bosphorus connects the Black Sea to the Sea of Marmara, which in turn, 

is connected to the Aegean Sea and Mediterranean Sea through the Strait of Dardanelles. To the 

north it is open to the Azov Sea through Kerch (Strezov, 2012). In fact, the Black Sea is influenced 

by 17 countries, 13 capital cities and some 160 million people. The distinguishing feature of the 

Black Sea is the shallow (150–200 m deep), oxic and biologically active top layer. The remaining 

90% of its volume is anoxic because of the lack of water exchange (Tuncer et al., 1998; Readman 

et al., 2002).  

The annual supply of sedimentary material to the Black Sea by all debouching rivers amounts 

to ~ 150x106 t. (Degens et al., 1980). Based on the salinity and temperature distribution, the Black 

Sea water column can be divided into three distinct water masses: (1) an upper layer (0–150 m, 17–

18.5-ppt salinity); (2) a cold intermediate layer (100–200 m, 6.5–8.0°C), part of a larger intermediate 

layer (200–1000 m, > 21-ppt salinity, > 8.5 ° C); and (3) a bottom/deep convective layer (> 1000 m; 

22.2–22.3-ppt salinity; 9-9.2 ° C ) (Ovchinnikov and Popov, 1986). There exists a permanent lack 

of vertical mixing, and thus, anoxic conditions are prevailing in the Black Sea (Emery and Hunt, 

1974). 

Black Sea pollution with heavy metals is one of the major environmental challenges surpassing 

in importance the contamination with radionuclides (Strezov, 2008). Heavy metals are introduces 

through natural geological processes, rivers or by direct discharge of industrial waste (Mitryasova 

et al., 2020). Oil products contamination of seawater is another major source of such metals. 
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Figure 1: Black sea basin (by Altas and Buyukgungor, 2007). 

Significant sources of pollution in the Danube River and in Black Sea are untreated wastewater 

(main impact – Bulgaria) and industrial sources (main impact – Romania) which are potential 

sources of heavy metals (Danube Basin Analysis, 2004). 

The aim of the current review survey was to present the main data for heavy metals accumu-

lation in water, sediment as well as in important bioindicators of enviromental pollution like algae 

and benthic species from various areas of Black sea in the last decades (1974–2020). 

Heavy metals pollution in Black Sea water and sediment 

Heavy metals pollution level in seawater is not constant and depends to a large extent on the 

quality of the drainage basins (Altas et al., 2001; Ariman and Bakan, 2008).  

Sediments are an important repository for various pollutants such as pesticides and heavy met-

als and also play a significant role as sensitive indicators for monitoring contaminants in aquatic 

environment (Simpson and Batley, 2016). Seawater and sediment represent a major abiotic factor 

for sea ecosystems. Heavy metals are regarded as serious pollutants of aquatic ecosystems and a 

major environmental problem in the Black Sea (Bakan and Böke Özkoç, 2007). 

The presence of such elements in sediments from different geographical areas is characterized 

by a high degree of variability, depending on the element, sediment type, distance from shore and 

the influence of anthropogenic sources (Coatu et al., 2013).  

Heavy metal pollution study of Peycheva et al. (2017b) of seawater and sediment in Varna and 

Bourgas areas in 2013 estimated the following highest concentrations: Zn (15-22 μg/L), As (1.1–
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1.2 μg/L) and Pb (0.7–0.8 μg/L) in water and Zn (31–52 μg/g), Pb (21-29 μg/g), Cu (20–34 μg/g) in 

sediment. Water and sediments showed similar spatial distribution patterns of various metals. 

The range of heavy metal concentrations in water of the Romanian part of Black sea coast 

during 2006–2011 framed within the following limits: Cu between 0.01 to 93.51 mg/L, Cd between 

0.01 to 18.32 mg/L, Pb between 0.01 to 51.97 mg/L, Ni between 0.01 to 30.59 mg/L, Cr between 

0.01 to 59.74 mg/L. In sediment, heavy metals concentrations varied within the following limits: 

copper between 0.53 to 147.84 mg/g, cadmium between 0.01 to 9.63 mg/g, lead between 0.10 to 

300.78 mg/g, nickel between 0.40 to 211.73 mg/g, chrome between 1.34 to 231 mg/g (Coatu et al., 

2013). 

A survey of heavy metal pollution of Romanian Black sea coast water in 2017 reported ele-

ments concentrations as follow (μg/L): Cd – 14.34–18.7, Co – 90.12–119.58, Zn – 32.58–48.88 and 

Pb – 13.14–24.22 (Mititelu et al., 2018). The comparison with the results of Coatu et al. shows 

significantly narrower boundaries of variation in values in the recent study.  

Sea water pollution analysis in the Asian vicinity of Istanbul shown Ni concentrations below 

the recommended marine recreational water quality criteria but the lead in seawater were above the 

limit (Bozkurt et al., 2014).  

Contamination by heavy metals should be extensively studied in the Black Sea coast, even 

though these are subjected to intense discharges of pollutants. It is important, therefore, that sedi-

ment by heavy metals be assessed in order to facilitate better management and protection of these 

valuable coastal ecosystems. This is especially the case, since Turkish Black Sea coast represents a 

prominent area for fishing, industrial development and urban extension and tourism activities (Bat 

and Özkan, 2015). 

Sediments constitued up to 39% CaCO3, mainly of biogenic origin from the shell remains of 

benthic organisms. Relatively little is known about the heavy-metal geochemistry of superficial 

Black Sea sediments adjacent to the North Anatolian coasts. The concentrations of Cr, Ni, Cu, Zn 

and Pb in the southern Black Sea sediments are markedly higher than those found in average sedi-

mentary rocks (Yucesoy and Ergin, 1992). 

A sediment pollution assessment study was carried out using the enrichment factor and geo-

accumulation index which displayed that the surface sediment of the Southern Black Sea was not 

contaminated with respect to Cu, Pb, Zn, Mn, Fe, As, Sr, Bi, V, Cr, Mg, Zr, Y, Sb, Sn, and Ni, but 

is moderately contaminated with respect to Hg and Cd, and moderately to strongly polluted with 

respect to S and Mo due to agricultural activities and industrialization. (Ozkan and Buyukisik, 2012). 

The results of Bat et al., (2015a) indicated that contamination of surface sediments in Sinop 

coast was dominated by As (10.2–7.4 mg/kg-1), Cr (67–374 mg/kg-1) and Hg (0.07–0.03 mg/kg-1) 

and to a lesser extent Cu (7.24–5.09 mg/kg-1), Fe (1.76–1.12 mg/kg-1), Zn (19.3–13.8 mg/kg-1), Ni 

(16.2–12.5 mg/kg-1), Cd (0.06–0.04 mg/kg-1), Pb (7.12–6.32 mg/kg-1), Mn (470–227 mg/kg-1) and 

Co (9.5–5.9 mg/kg-1). Although high trace metal concentrations were found in some regions of the 

Black Sea coast of Turkey, the level of most of them were not extremely enriched in these surface 

sediments of Sinop coast and did not present a serious threat to the local fauna and flora.  

Available data concerning the northern Black Sea area were insufficient. A three years sur-

veillance of heavy metals pollution in water and sediments of Odessa region of the Black Sea re-

ported annual variations in the content of Cu, Zn, Ni, Cd in water with mean content of 1.86, 10.30, 

1.14, 0.67 mcg/dm-3 respectively. Corresponding concentrations in sediment were 3.03, 14.76, 2.25, 

0.32 mcg/dm-3. The conclusions were that most of the copper and nickel was brought into the sea 
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from the catchment area, and zinc and cadmium were mainly of the autochthonous origin. The ob-

servation was that after heavy rains, sediments contamination by copper and nickel was increased 

(Dyatlov, 2015).  

Significant pollution of the Azov Sea by petroleum products and heavy metals has been proven 

(Mazygula et al., 2019). 

Heavy metals accumulation in Black sea algae 

Analysis of sediments suffers from limitations. The concentration of a metal in sediment de-

pends amongst other factors, on rates of deposition and the nature of particles and as before does not 

reflect bioavailability (Villares et al., 2001). That is why living organisms like various sea macroal-

gae could be more useful for assessment of bioavailability (Philips, 1990; Topcuoglu et al., 2001). 

Brown algae Cystoseira barbata and C. crinita can accumulate trace elements in concentra-

tions that exceed their concentrations in the Black Sea water by 3–4 orders which makes them an 

efficient bioindicator for heavy metal pollution. Algae samples from Sevastopol region (SW Crimea, 

Ukraine) showed higher levels in summer than in the spring. Among the most important abiotic 

factor is the concentration of elements in the environment, e.g sea water. The reported concentration 

for some of the tested elements were as following (in μg/g): Al – 253, Mn – 24, Fe – 188, Co – 0.42, 

Ni – 4.98, Zn – 35, As – 30 (Kravtsova et al., 2014). 

The study of Dotsenko and Mikhailenko (2019) examined the importance of phytoplankton 

for the bioaccumulation of microelements in the ecosystem of the Azov Sea. The fact that algal 

biomass during the periods of blooming in the sea reaches 1,400 g/l makes phytoplankton essential 

part of marine ecosystems. Due to their ability to develop quickly in large quantities, phytoplankton 

plays active role in the biogeochemical cycling of elements. Most of the organic matter produced by 

algae and elements connected with these are destroyed and dissolved directly within the water col-

umn reentering the biogeochemical cycling.  

The algae Cystoseira barbata and Ceramium rubrum, sampled from Constanta coast (Roma-

nia) were tested for Pb, Cd, Cu and Zn. Reported results were 2.51, 0.201, 4.19, 1.93 mg/kg and 

5.04, 0.231, 6.58, 6.72 mg/kg respectively. The results indicated higher concentration of heavy met-

als in red algae probably because it lives at higher depths, where solar radiation cannot reach and 

part of the metals cannot enter the biogeochemic circuit and used for photosynthesis (Cadar et al., 

2016). 

Levels of Hg, Cd, Pb, Ni, Cr, Mn, Zn, and Cu were determined in five macroalgae (Entero-

morpha intestinalis, Cladophora vagabunda, Cystoseira barbata, Ceramium rubrum and Phyllo-

phora pseudoceranoides) collected in 2014 from the Roumanian Black Sea coastline (Trifan et al., 

2015). Metal concentrations decreased in the following order Mn > Zn > Cu > Ni > Pb > Cr > Cd > 

Hg. A wide range of metal uptake ability among the different species was observed: C.rubrum 

showed a high capacity to accumulate Cu and Cr, P.pseudoceranoides – Mn and Pb, C. vagabunda 

– Hg, Zn and Cd, and E. intestinalis – Ni; hence, these species could be used as bioindicators for the 

respective metals. In the cited study, red algae displayed the highest capacity to concentrate heavy 

metals from surrounding water and sediment, followed by green and brown algae. 

Another widespread alga in Black Sea is Ulva lactuca. The following lowest and highest con-

centrations (mg/kg; dw) were measured in Ulva samples from Istanbul Coast of the Sea of Marmara: 

0.45–3.22 for Cd, 6.67–18.32 for Cu, 553.32–989.33 for Fe, 8.27–25.32 for Mn, 4.93–19.32 for Pb, 

and 15.16–41.30 for Zn (Ozyigit et al., 2017). Overall, the comparison of heavy metal contents in 
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seawater and sediment with samples of the Ulva species showed that U. lactuca is a suitable plant 

for biomonitoring studies. 

Zooplankton plays a pivotal role in shaping ecosystem structure. Concentrations of Al, As, Cu, 

Zn, Hg, Fe, Cd and Pb were determined in the total zooplankton samples from Sinop coast of Black 

Sea. Zooplankton mainly Copepods are the most abundant forms in the Black Sea. They filter sus-

pended matter and have important role in transferring the organic matter from primary producers to 

the higher trophic levels. It is also one of the most preferred foods for the fish. The average concen-

tration of heavy metals followed the order: Fe > Al >Zn > Pb > Cu > As > Cd > Hg. Estimated Hg 

was below the detection limit among all heavy metals in all samples. Fe was the most common 

heavy metal in total zooplankton samples present in all, Al was the other heavy metal commonly 

present in the samples. Pb showed high value (210 mg/kg-1) in total zooplankton. Similar to Pb, a 

high average concentration of As (40 mg/kg-1) was observed in total zooplankton. Cd was 1.1 mg/ 

kg-1 (Bat et al., 2016b).  

Heavy metals accumulation in benthic organisms 

Marine macro benthic organisms are widely accepted to be suitable biological indicator for 

water pollution degree, including heavy metal (Azizi et al., 2018). Mussels from genus Mytilus and 

especially Mytilus galloprovincialis are worldwide recognized as pollution bioindicators and used 

in Mussel Watch programs, because they accumulate pollutants in their tissues at elevated levels in 

relation to pollutant biological availability in the marine environment (Catsiki and Florou, 2006). 
As filtering organisms, large volumes of water enter in contact with their body surface, causing the 

accumulation of pollutants. Furthermore, it is one of the main commercially important Black Sea 

mollusc. Frequent consumption may leads to chronic exposure and health problems for humans, 

because of which toxic chemicals must be periodically and carefully monitored.  

Available recent data for accumulation of heavy metals in benthic species from Bulgarian Sea 

coast is quite scarce. The study of Peycheva et al. (2017a) included wild and farmed Black Sea 

mussel (M. galloprovincialis) and rapa whelks (R. venosa) which were collected during 2016 from 

six sites on the northern part of the coast. The mussels and rapa whelks soft tissue was analyzed for 

ten elements (Cd, Cr, Cu, total Hg, Ni, Zn, Pb, Mn, Fe). Concentrations of these metals, in mg/kg 

dry weight, ranged from 0.73–3.45 for As, 0.005–0.640 for Cd, 0.040–0.382 for Cr, 0.86–7.70 for 

Cu, 4.2–112.9 for Fe, 0–0.121 for total Hg, 0.260–3.190 for Mn, 0.023–0.642 for Ni, 0–0.332 for 

Pb and 7.5–38.2 for Zn. The concentration of these elements was below the maximum residual levels 

prescribed by different local and international regulation for seafood. 

Values of metal accumulation in 4 species of molluscs encountered along Romanian coast 

(filtrate bivalves Mytilus galloprovincialis, Scapharca inaequivalvis, Mya arenaria and predator 

gastropod Rapana venosa) were compared by Oros and Gomoiu (2010). They established significant 

interspecific differences, due to the trophic and ecological features of each species. Bivalve molluscs 

showed an increased potential to accumulate toxic metals compared to gastropods (Oros and Go-

moiu, 2012). 

The study of Mititelu et al. (2018) carried out assessment of bioaccumulation of the main heavy 

metals in mussel from Romanian Black sea coast. The availability in flesh and shell were compara-

ble and varied according to the area of sampling. Coast parts with more intense industrial activity 

resulted in increased heavy metal pollution degree. The content in the mussel flesh was in (μg/g) – 
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Cd – 16.64-19.79, Co – 138.35-256.21, Zn – 142.29 – 149.61, 73.56- 104.68 and for mussel shell – 

16.19-19.45, 122.45-196.12, 133.65 – 148.11, 76.63-102.19 respectively.  

Еstablished concentrations of some of the heavy metals in Mytilus galloprovincialis from 

Turkish area of Black Sea were (in μg/g f.w.): 1.03–1.65 for Cu, 0.02–0.92 for Cd, 0.05–0.37 for 

Pb, 0.57–3.44 for Ni and 0.06–1.08 for Cr (Topcuoglu et al., 2002). 

Trace element content in the Mediterranean mussel (Mytilus galloprovincialis), caught from 

Sinop coast of the Black Sea, Turkey in 2010 were estimated to be lower than in other regions and 

previous studies (Bat et al., 2012). Metal concentrations were in the range (in μg/g-1 dry wt): Zn – 

79–163, Cu – 2.41–4.82, Pb – 2.10–4.10, Cd – 0.27–0.98.  

A recent assessment of the levels of Fe, Zn, Mn, Cu, Pb, Cd and Hg in the edible tissues of 

Mediterranean mussel (Mytilus galloprovincialis) picked up from the Black Sea coasts of Turkey 

indicated no chronic systemic risk since total hazard index (0.521) were quite below critical value 

1, and the carcinogenic risk for heavy metals did not exceed the tolerable values (Bat et al., 2018a). 

The concentrations (mg metal kg-1 wet wt.) of metals ranged from 18–35 for Fe, 8–27 for Zn, 2.8–

4.5 for Mn, 0.5–1.8 for Cu, 0.06–0.31 for Pb, 0.04–0.10 for Cd and 0.03–0.07 for Hg. 

Furthermore, the experiments of Bat et al. (2013b) reported that the Mediterranean mussel was 

more sensitive to Cu than Pb and Zn, and Pb is less toxic to the mussels than Zn and Cu. Small sizes 

of the Mediterranean mussel were relatively resistant to the metals compared to medium or larger 

ones. 

Another study from the same region in 2013 estimated the metal content in different benthic 

organisms – Mediterranean mussel (Mytilus galloprovincialis), veined Rapa whelk (Rapana 

venosa), and the warty crab (Eriphia verrucosa). Hg showed the least concentrations in all organ-

isms, and was not detected in both M. galloprovincialis and R. venosa. Pb was also not detected in 

organisms, except in M. galloprovincialis. The highest values of Cu, Zn, and Fe were determined in 

E. verrucosa. Al was at the limit of detection in R. venosa, but was measurable in E. verrucosa 

(1.4 μg/g-1 dry wt.) and M. galloprovincialis (1.4 μg/g-1 dry wt.). As, Cu, Zn, Fe, and Cd levels in 

macrobenthic organisms ranged from 2.3 μg/g-1 dry wt. in M. galloprovincialis to 6.7 μg/g-1 dry wt. 

in R. venosa, 0.8 μg/g-1 dry wt. in M. galloprovincialis to 53.9 μg/g-1 dry wt. in E. verrucosa, 

21.6 μg/g-1 dry wt. in R. venosa to 54.8 μg/g-1 dry wt. in E. verrucosa, 29.3 μg/g-1 dry wt. in M. 

galloprovincialis to 86.5 μg/g-1 dry wt. in E. verrucosa, and 0.32 μg/g-1 dry wt. in E. verrucosa to 

4.4 μg/g-1 dry wt. in R. venosa, respectively. All elements were below the permissible level defined 

by international organizations, with the exception of the highest Cd level in R. venosa (Bat and 

Öztekin, 2016). 

The elements concentration in Mediterranean mussel from Giresun coasts (east of Sinop) esti-

mated that the descending order was as follow: Fe > Zn > Ni > Mn > As > Pb > Cu > Co >Se > Cr. 

The tested metals were with concentration of (in μg/g ww) 0.56 for Cr, 6.23 for Mn, 12.7 for Ni, 

69.06 for Zn, 1.97 for Co, 2.65 for Cu, 161.08 for Fe, 3.16 for Pb, 3.16 for As, 0.62 for Se. The mean 

Pb and Zn contents were higher than the acceptable limit proposed by international standards (Tepe 

and Suer, 2016). 

The comparison of metal content (Zn, Cu, Cd, Hg, and Pb) from the neighbored Marmara Sea 

established higher level of pollution in latter one. Mercury was not detected (<0.15 ppb) in any of 

the samples. The highest concentrations of Cu and Cd were 3.473 and 0.740 mg/kg−1 (wet weight), 

respectively, well below the maximum permissible levels. All samples contained Zn higher than 

50 mg/kg−1, while Pb was above the limits in some of the samples. Mussels from Marmara Sea were 
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safe regarding Cu, Cd, and Hg but contained Zn and Pb above the permissible limits (Mol and Ala-

kavuk, 2011).  

Heavy metal monitoring in wild mussels (Mytilus galloprovincialis) from the Marmara Sea 

Coast of Tekirdag, Turkey resulted in assessment of eight heavy metals (Cd, Cr, Cu, Hg, Ni, As, Pb, 

and Zn). The concentrations (mg/kg d.w.) of these metals ranged from 1.20 to 2.79 for arsenic (As), 

0.13 to 0.75 for cadmium (Cd), 0.42 to 2.46 for chromium (Cr), 1.55 to 3.5 for copper (Cu), 1.01 to 

2.46 for nickel (Ni), 76.8 to 88.98 for zinc (Zn), and 2.67 to 9.2 for lead (Pb). These levels were 

lower than the permissible limits set by the European Commission (Dokmeci, 2017).  

The content of Hg, Cd, Pb, Cu, Zn and Fe in the whole soft tissues of the limpet, Patella 

caerulea, from the Sinop region of Black Sea was evaluated (Bat et al. 2015b). Mercury was not 

detected and iron was seen to be the most abundant of the metals examined. The results showed that 

the monthly mean levels of all other metal levels in July were lower than those in May and June. In 

general, the heavy metal levels in the limpet P. caerulea were below the tolerance levels. Confirma-

tion was made that the limpet P. caerulea is good bioindicator for monitoring of metal pollution in 

the coastal area. 

The findings from the study of Bat et al. (2016) revealed that Cu, Co, Pb, Zn, Cd, Mn, Ni and 

Fe concentrations in the edible tissues of Liocarcinus depurator (decapoda), Rapana venosa (gas-

tropoda) and Mytilus galloprovincilais (mollusca) decreased in the order: Fe > Zn > Mn > Cu > Ni 

> Pb > Co > Cd; Fe >Zn > Cu > Pb > Mn > Cd > Ni and Fe > Zn > Cu > Pb > Mn > Co > Ni > Cd, 

respectively and were lower than the maximum permissible limit as recommended by the Commis-

sion Regulation (EC, 2006). Furthermore, these benthic species are not only important food source 

but also significant bioindicators for heavy metal and organic pollution.  

The comparison of metals accumulation in Mytilus galloprovincilais from the Black, Marmara, 

Aegean and Mediterranean Sea was able to formulate the level of heavy metals pollution in neigh-

bored seas. In all tested mollusk samples As was with highest concentration in all areas – 4.23, 2.85, 

1.96 and 1.38 mg/kg respectively. The estimated concentration of Cd was 0.097, 0.087, 0.143, 0.122 

mg/kg; Hg – 0.405, 0.341, 0.079, 0.203 mg/kg and Pb in samples was found to be 0.375, 0.267, 

0.405, 0.366 mg/kg. The reported results clearly indicated that mussel from Black Sea were with 

highest content of As and Hg from all seas (Kuplulu et al., 2018).  

Again from Samsun area there were available data for different benthic organisms – Capitella 

capitata, Nereis zonata, Platynereis dumerilii and Perinereis cultrifera and the estimated metals 

content were compared to water and sediment pollution (Bat et al., 2019). Metals concentrations in 

water were found in the following order: Zn > Cu > Pb > Cd > Hg, whereas the order of abundance 

of these metals in sediments were as follow Zn > Cu > Pb> Hg >Cd. The results showed that the 

heavy metal levels in C. capitata were much higher than those in N. zonata, P. dumerilii and P. 

cultrifera and at the same time Zn showed the highest concentration in all species followed by Cu. 

C. Capitata is not edible species but significant metals deposition makes it a credible bioindicator. 

The Pb, Cu and Zn, Hg and Cd levels in water were somewhat seasonally dependent with highest 

concentration in summer. This study also showed that sedimentary concentrations of Hg, Cd, Cu 

and Zn collected in different seasons were with statistically not significant differences. Zn was found 

to be the highest and Cd was the lowest. The detected seasonal variations could be related to the 

hydrological parameters of the ecosystem. The measured metals concentration was higher in sedi-

ment than in water because of the organic matter on the bottom of the sea.  
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The study of Tan and Kizilkaya (2019) determined monthly changes of the heavy metal com-

position of tellina (Donax trunculus) in Kefken (east of Istanbul) and the effects of seasonal temper-

atures on accumulation. The average amount of Pb was determined as 12.97 μg/g and of Cd, Cr, Co 

and Ni was 45 μg/g, 4.19 μg/g, 0.91 μg/g and 4.46 μg/g, respectively, so tellina can be conveniently 

consumed between April and October depending on the territory. 

The concentrations of Cd, Hg and Pb in the whole parts of the worm Nereis diversicolor col-

lected from the Turkish Black Sea coast have been measured for monitoring metal pollution in 2015 

(Bat et al., 2018b). Amounts of Pb were found to be higher in sediment than those of N. diversicolor. 

On the other hand, Cd and Hg amounts in the worms were higher than the sediment while seasonal 

differences in the amounts of Cd, Hg and Pb in the sediment were not significant. However, there 

were differences in toxic metal levels between sizes of N. diversicolor. Larger specimen accumu-

lated less toxic metal. It is concluded that the worm N. diversicolor are suitable biomonitors to assess 

changes in metal pollution in this coastal area of the Black Sea. 

Heavy metals concentration in edible tissues of the brown shrimp Crangon crangon (Linnaeus, 

1758) from the Southern Black Sea, Turkey was reported to be below the permitted levels for human 

consumption according to Commission Regulation (EC). Cadmium and Pb concentrations in C. 

crangon were the lowest heavy metal concentrations, while Fe concentrations were highest level 

observed in all seasons. The concentrations of Cd, Pb, Cu, Zn, Co, Mn, Ni and Fe were in the range 

of 0.228–0.481, 0.291–0.491, 5.85–14.77, 18–36, 0.24–0.61, 6–15, 2–6 and 30-58 μg. g-1 wet 

weight, respectively (Bat et al., 2013a). 

Some other important and widespread benthic species in Black sea like warty crab (Eriphia 

verrucosa) and brown shrimp (Crangon crangon) can be used as biomonitors for heavy metals pol-

lution. The study of Erdem and al. (2015) established that the P, Ca, Cu, Zn, Ni, Cr and Mn contents 

in the shrimp were less than crab while Fe, Ni, and Mg contents in crab were less than shrimp 

(P<0,05). Except for Cr, trace element contents were higher in crab than in the shrimp. The trace 

element contents of the crab and shrimp were within food safety limits recommended by FAO/WHO 

and European Union. However, Pb contents of crab (1.27 μg g−1) were over of the acceptability limit 

values. 

Monitoring of heavy metal pollution in marine molluscs and crustaceans should be considered 

essential not only because of the ecological status assessment but also in terms of determining the 

potential human health risk (Jovic et al., 2012). The Bulgarian legislation related to heavy metal 

pollution of marine hydrobionts was fully synchronized with the European regulatory framework 

(Tabl. 1) (EC, 2006, SG, 2004; 2008). 

Table 1: Maximum levels for certain contaminants in foodstuffs determined by  

(EC) No 1881/2006 of 19 December 2006 

 LEAD 
Maximum level 

(mg/kg wet weight) 

1. 
Crustaceans, excluding brown meat of crab and excluding head and thorax meat of 

lobster and similar large crustaceans (NephropidaeandPalinuridae) 
0,50 

2. Bivalve molluscs  1,5 

CADMIUM 

1. Crustaceans, excluding brown meat of crab and excluding headand thorax meat of 

lobster and similar large crustaceans (Nephropidae and Palinuridae) 
0,50 

2. Bivalve molluscs  1.0 
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Conclusion 

 Heavy metals pollution in seawater varied in different sampling areas but the detected 

concentrations did not present a serious threat to the local fauna and flora.  

 Sediments are an important reservoir of heavy metals and also play a significant role as 

sensitive indicators for monitoring contaminants in aquatic environment. 

 Macro algae from genus Ulva and Ceramium can facilitate the monitoring of heavy met-

als pollution in marine environment. 

 Mytilus galloprovincialis is a worldwide accepted as a sensitive bioindicator of trace el-

ements concentration dynamics. 

 It should be accepted that mussels are among the main potential sources of heavy metals 

for the consumer, which requires strict and constant monitoring in the various Black Sea 

regions. 

Acknowledgements 

The current review study is a part of Scientific Project of University of Forestry “Heavy metals 

bioaccumulation in hydrobionts”, grant number NIS-B 1076/2020. 

References 

1. Altas L., Buyukgungor H. (2007). Heavy metal pollution in the Black Sea shore and offshore of 

Turkey. Environ Geol 52:469–476. 

2. Altas L, Orhan Y, Buyukgungor H. (2001). Investigation of landbased pollution parameters in the 

surface water and shores through the Samsun city. In: Third Black Sea international conference, 

environmental protection technologies for coastal areas, Bulgaria, paper 535. 

3. Ariman S., Bakan G. (2008). Sequential Extraction of Heavy Metal in Sediments at River and Ma-

rine of Mid–Black Sea Coast. Turkey. 22–26 Jun 2008, 35 th International Symposium on Environ-

mental Analytical Chemistry, ISEAC 35, Gdansk–Poland. 

4. Azizi G., Akodad M., Baghour M., Layachi M., Moumen M. (2018). The use of Mytilus spp. mussels 

as bioindicators of heavy metal pollutionin the coastal environment. A review. J. Mater. Environ. 

Sci., 9 (4), 1170–1181. 

5. Bakan G., Böke Özkoç H. (2007). An ecological risk assessment of the impact of heavy metals in 

surface sediments on biota from the mid–Black Sea coast of Turkey. The International Journal of 

Environmental Studies, 64(1), 45–57. 

6. Bat L., Arici E., Öztekin A. (2018a). Human Health Risk Assessment of Heavy Metals in the Black 

Sea: Evaluating Mussels. Current World Environment, Vol. 13, No. (1), 15–31. 

7. Bat L., Arici E., Sezgin M, Sahin F. (2016). Heavy metals in edible tissues of benthic organisms 

from Samsun coasts, south Black sea, Turkey and their potential risk to human health. Journal of 

food and health science, 2(2): 57–66. 

8. Bat L., Özkan E.Y. (2015). Heavy Metal Levels in Sediment of the Turkish Black Sea Coast. Source 

Title: Progressive Engineering Practices in Marine Resource Management. DOI: 10.4018/978–1–

4666–8333–4.ch0 

9. Bat L., Özkan E.Y., Öztekin H.C. (2015a). The contamination status of trace metals in Sinop coast 

of the Black Sea, Turkey. Caspian J. Env. Sci. 2015, Vol. 13 No.1, 1–10. 

10. Bat L., Öztekin H.C. (2016). Heavy Metals in Mytilus galloprovincialis, Rapana venosa and Eriphia 

verrucosa from the Black Sea Coasts of Turkey as Bioindicators of Pollution. Walailak J Sci & Tech; 

13(9): 715–728. 



 Heavy metals accumulation in Black sea ecosystems: seawater, … 97 

 

11. Bat L., Şahin F., Öztekin A. (2018b). Toxic Metals in Nereis Diversicolor Müller, 1776 From Inner 

Shores in Sinop Peninsula of the Black Sea as Bio–Indicator Species. Pakistan Journal of Marine 

Sciences, Vol. 27(1), 11–20. 

12. Bat L, Şahin F, Öztekin A. (2019). Assessment of heavy metals pollution in water and sediments and 

Polychaetes in Sinop shores of the Black Sea. KSU J. Agric Nat 22(5): 806–816. 

13. Bat L., Şahin F., Sezgin M., Üstün F., Baki O.G., Öztekin H.C. (2013a). Heavy metals in edible 

tissues of the brown shrimp Crangon crangon (Linnaeus, 1758) from the Southern Black Sea (Tur-

key). J. Black Sea/Mediterranean Environment Vol. 19, No. 1: 70–8. 

14. Bat L., Üstün F., Baki O.G. (2012). Trace Element Concentrations in the Mediterranean Mussel 

Mytilus galloprovincialis Lamarck, 1819 Caught from Sinop Coast of the Black Sea, Turkey. The 

Open Marine Biology Journal, 6, 1–5. 

15. Bat L., Üstün F., Baki O.G., Şahin F. (2013b). Effects of some heavy metals on the sizes of the 

Mediterranean mussel Mytilus galloprovincialis Lamarck, 1819. Fres. Environ. Bull. 22(7): 1933–

1938. 

16. Bat L., Üstün F., Öztekin H.C. (2016b). Heavy Metal Concentrations in Zooplankton of SinopCoasts 

of the Black Sea, Turkey. Heavy metal concentrations in zooplankton. Морской биологический 

журнал, т. 1, No 1, 5–12. Available from: https://www.researchgate.net/publication/288825567_ 

Heavy_metal_concentrations_in_zooplankton_of_Sinop_coasts_of_the_Black_Sea_Turkey [ac-

cessed Apr 22 2020]. 

17. Bat L., Yardim O., Arici E., Öztekin A. (2015b). Current Status of Heavy Metals in Soft Tissues of 

the Limpet Patella Caerulea Linnaeus, 1758 From Sinop Coast of the Black Sea. Pakistan Journal 

of Marine Sciences, Vol. 24(1&2), 29–35. 

18. Bozkurt E., Eliri O., Kesiktaş M. (2014). Analysis of Heavy Metals in Seawater Samples Collected 

from Beaches of Asian Side of Istanbul. Journal Of Recreation And Tourism Research (Jrtr), 1 (1). 

19. Cadar E., Negreanu–Pîrjo T., Tomescu A., Paris S., Erimia C–L., Negreanu–Pîrjol B. (2016). Heavy 

Metals Existing in the Seaweed from the Romanian Coast of the Black Sea. European Journal of 

Interdisciplinary Studies January–April, Volume 2, Issue 1, 92–99. 

20. Catsiki V–A., Florou H. (2006). Study on the behavior of the heavy metals Cu, Cr, Ni, Zn, Fe, Mn 

and 137Cs in an estuarine ecosystem using Mytilus galloprovincialis as a bioindicator species: the 

case of Thermaikos gulf, Greece. Journal of Environmental Radioactivity 86, 31–44. 

21. Coatu V., Ţigănuş D., Oros A., Lazăr L. (2013). Analysis of hazardous substance contamination of 

the marine ecosystem in the Romanian Black Sea coast, part of the marine strategy framework di-

rective (2008/56/EEC) implementation. Cercetări Marine, Issue No. 43, 174–186. 

22. Commission Regulation (EC). 2006. Setting maximum levels for certain contaminants in food stuffs. 

Off. J. Euro. Union. Commission Regulation, No 1881/2006: 364, 5–24. 

23. Danube Basin Analysis, 2004. WFD Roof Report.  

24. Degens E.T., Stoffers P., Golubic S., Dickma, M.D. (1980). Initial Reports of the Deep Sea Drilling 

Project. In: D.A. Ross et al. (Editors), Vol. 42. Part 2. U.S. Gov. Print. Off., Washington, D.C., 499–

508. 

25. Dokmeci A.H. (2017). Assessment of Heavy Metals in Wild Mussels Mytilus Galloprovincialis from 

the Marmara Sea Coast of Tekirdag (Turkey). 15th International Conference on Environmental Sci-

ence and Technology Rhodes, Greece, 31 August to 2 September 2017, CEST2017_00569. 

26. Dotsenko I., Mikhailenko A. (2019). Phytoplankton and Its Role in Accumulation of Microelements 

in Bottom Deposits of Azov Sea. The Scientific World Journal, Volume 2019, Article ID 8456371, 

7 pages. 

27. Dyatlov S. (2015). Heavy Metals in Water and Bottom Sediments of Odessa Region of the Black 

Sea. Journal of Shipping and Ocean Engineering 5, 51–58. 



98 Iliyan Manev, Veselin Kirov, Hristina Neshovska 

 

28. Emery K.O., Hunt, J.M. (1974). Summary of Black Sea investigations. In: E.T. Degens and D.A. 

Ross (Editors), The Black Sea –– Geology–Chemistry–Biology. Am. Assoc. Pet. Geol., Mem. No. 

20, 575–590. 

29. Erdem M., Turan H., Kaya Y. (2015). Mineral and trace element contents of warty crab (Eriphia 

verrucosa) and brown shrimp (Crangon crangon). Journal of Fisheries & Aquatic Sciences, 30(2): 

26–31.  

30. Jovic M., Onjia A., Stankovic S. (2012). Toxic metal health risk by mussel consumption. Environ 

Chem Lett (2012) 10: 69–77 

31. Kravtsova A, Milchakova N., Frontasyeva M. (2014). Elemental accumulation in the black sea 

brown algae cystoseira studied by neutron activation analysis. Ecol chem eng s.;21(1): 9–23. 

32. Kuplulu O., Iplikcioglu Cil G., Korkmaz S.D., Aykut O., Ozansoy G. (2018). Determination of 

Metal Contamination in Seafood from the Black, Marmara, Aegean and Mediterranean Sea Metal 

Contamination in Seafood. J Hellenic Vet Med Soc, 69(1): 749–758. 

33. Mazygula E., Kharlamova M., Skuratovskaya E. (2019). Assessment of the Impact of Oil and Heavy 

Metal Pollution in the Azov Sea on the Condition of the Neogobius Melanostomus (Pallas, 1814). 

International science and technology conference "Earth science" IOP Conf. Series: Earth and Envi-

ronmental Science 272, 032071, doi:10.1088/1755–1315/272/3/032071. 

34. Mititelu M., Moroşan E., Neacşu S. M., Ioniţă E. I. (2018). Research Regarding the Pollution De-

gree from Romanian Black Sea Coast. Farmacia, Vol. 66, 6. 

35. Mitryasova O., Koszelnik P., Gruca-Rokosz R., Smirnov V., Smirnova S., Bezsonov Y., Zdeb M., 

Ziembowicz S. (2020). Features of Heavy Metals Accumulation in Bottom Sediments of the Southern 

Bug Hydroecosystem. Journal of Ecological Engineering, Volume 21, Issue 3, April, pages 51–60. 

36. Mol S., Alakavuk D.U. (2011). Heavy Metals in Mussels (Mytilus galloprovincialis) from Marmara 

Sea, Turkey. Biol Trace Elem Res, 141: 184–191. 

37. Oros A., Gomoiu M.T. (2010). Comparative Data On the Accumulation of Five Heavy Metals (Cad-

mium, Chromium, Copper, Nickel, Lead) In Some Marine Species (Mollusks, Fish) From The Ro-

manian Sector of the Black Sea. Cercetari Marine, Volume 39, 89–108. 

38. Oros A., Gomoiu M.T. (2012). A review of metal bioaccumulation levels in the Romanian Black Sea 

biota during the last decade – A requirement for implementing Marine Strategy Framework Di-

rective (Descriptors 8 and 9). Journal of Environmental Protection and Ecology 13(3A): 1730–1743.  

39. Ovchinnikov I.M., Popov Y.I. (1986). The origin of the cold intermediate layer in the Black Sea. 

Dokl. Akad. Nauk U.S.S.R., Earth Sci. Sect., 279: 231–233. 

40. Ozkan E.Y., Buyukisik B. (2012). Geochemical and Statistical Approach for Assessing Heavy Metal 

Accumulation in the Southern Black Sea Sediments. Ekoloji 21, 83, 11–24.  

41. Ozyigit I., Uyanik O., Sahin N., Yalcin I., Demir G. (2017). Monitoring the Pollution Level in Is-

tanbul Coast of the Sea of Marmara Using Algal Species Ulva lactuca L. Pol. J. Environ. Stud. 

Vol. 26, No. 2, 773–778. 

42. Peycheva K., Panayotova V., Stancheva M. (2017a). Trace Elements Concentrations in Black Sea 

Mussel (Mytilus galloprovincialis) and Rapa Whelks (Rapana venosa) from Bulgarian Black Sea 

Coast and Evaluation of Possible Health Risks to Consumers. Chemistry Research Journal, 2(6): 

236–250. 

43. Peycheva K., Stancheva M., Georgieva S., Makedosnki L. (2017b). Heavy Metals in Water, Sedi-

ments and Marine Fishes from Bulgarian Black Sea. DOI:10.31519/conferencearticle _ 

5b1b93d4d78bb6.88545986 Corpus ID: 132576151. 

44. Phillips D. J. H. (1990). Use of macroalgae and invertebrates asnmonitors of metal levels in estu-

aries and coastal waters. In Furness, R. W. & P. S. Rainbow (eds), Heavy Metals in the Marine 

Environment. CRC Press, Boca Raton, Florida: 81–99. 

45. Readman J.W., Fillman G., Tolosa I., Bartocci J., Villeneuve J–P., Catinni C., Mee L.D. (2002). 

Petroleum and PAH contamination of the Black Sea. Mar Pollut Bull 44: 48–62. 



 Heavy metals accumulation in Black sea ecosystems: seawater, … 99 

 

46. Simpson S., Batley G. (2016). Sediment quality assessment: a practical guide. 2nd Edition. 

Published by CSIRO Publishing Australia.  

47. State Gazette (SG). (2004). Regulation of setting maximum levels of certain contaminants in food-

stuff. Number 31, 08 October 2004, Issues 88. 

48. State Gazette (SG). (2008). Regulation of settings maximum level for certain contaminants in food-

stuffs. 17 May, 2008, Issue 26. 

49. Strezov A. (2008). Comparison of Some Radionuclides in the Marine Coastal Environment of the 

Black Sea and the Mediterranean. Eurasian Journal of Analytical Chemistry Volume 3, Number 1, 

170–182. 

50. Strezov A. (2012). Sustainable Environment – Monitoring of Radionuclide and Heavy Metal Accu-

mulation in Sediments, Algae and Biota in Black Sea Marine Ecosystems. Environmental Contami-

nation, Dr. Jatin Srivastava (Ed.), ISBN: 978–953–51–0120–8. 

51. Tan E., Kizilkaya B. (2019). Investigation of Heavy Metal Content of Tellina (Donax trunculus Lin-

naeus, 1758) in Black Sea Region (Kefken). Marine Science and Technology Bulletin, 8(2): 69–75. 

52. Tepe Y., Suer N. (2016). The levels of heavy metals in the Mediterranean mussel (Mytilus gallopro-

vincialis Lamarck, 1819); Example of Giresun coasts of the Black Sea, Turkey. Indian Journal of 

Geo–Marine Sciences, Vol. 45(2), February, 283–289. 

53. Topcuoglu S., Guven K.C., Kirbasoglu C., Gungor N., Unlu S., Yilmaz Y.Z. (2001). Heavy Metals 

in Marine Algae from Sile in the Black Sea, 1994–1997. Bull. Environ. Contam. Toxicol., 67: 288–

294.  

54. Topcuoglu S., Kirbasoglu C., Gungor N. (2002). Heavy metals in organisms and sediments from 

Turkish Coast of the Black Sea, 1997–1998. Environment International, 27, 521–526. 

55. Trifan A., Breabăn I., Sava D., Bucur L., Tomae C–C., Mirona A. (2015). Heavy Metal Content in 

Macroalgae from Roumanian Black Sea. Rev. Roum. Chim., 60(9), 915–920. 

56. Tuncer G., Karakas T., Balkas T., Gokcay C., Aygun S., Yurteri C., Tuncel G. (1998). Land–based 

sources of pollution along the Black Sea coast of Turkey: concentrations and annual loads to the 

Black Sea. Mar Pollut Bull 36: 409–423. 

57. Villares R., Puente X., Carballeira A. (2001). Ulva and Enteromorpha as indicators of heavy metal 

pollution. Hydrobiologia 462: 221–232. 

58. Yucesoy F., Ergin M. (1992). Heavy–metal geochemistry of surface sediments from the southern 

Black Sea shelf and upper slope. Chemical Geology, 99, 265–287. 


