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Abstract 
 

The accumulation of heavy metals in animal tissues is an important factor in 
monitoring the health of any marine ecosystem, and the Black Sea is no exception. The 
use of aquatic organisms as bioindicators of heavy metal pollution is common in 
studies, and molluscs and fish are some of the most used indicators, unlike cetaceans, 
which are not common. The objective of the present study is to determine the 
accumulation of five heavy metals (Pb, Cd, Zn, Cu, Ni) in the living tissues of three 
cetacean species, six fish species part of the cetacean diet, and seawater of the 
Bulgarian Black Sea coast. Heavy metal concentrations were analyzed using an Atomic 
Absorption Spectrophotometry and the results were used to calculate the 
bioaccumulation factor (BCF) and the biomagnification factor (BMF). The results are 
analyzed in a comparative plan between the northern and southern part of the 
Bulgarian coast. In all biota samples, the concentration of Zn was the highest. No 
statistical differences were found between fish and cetacean samples from the two 
study areas. Cetaceans have a higher BCF for Cd, while fish for Pb, and the BMF for 
cetaceans was confirmed for the elements Cd and Zn. 

 

Introduction 
 

Pollution of seas and oceans with heavy metals is a 
global problem and the Black Sea is no exception. The 
hydrobiological characteristics of the semi-enclosed sea 
make it extremely sensitive to threats, as many 
pollutants, including heavy metals, come from large 
rivers, coastal activities such as agriculture, tourism and 
factories that discharge wastewater with varying 
degrees of treatment directly into the sea (Jitar et al., 
2013). In addition, the ongoing military conflict between 
Russia and Ukraine appears to be another source of 
pollution in the Black Sea in the past few years 
(Radulescu, 2023; Shukla et al., 2023). 

Heavy metal pollution can have devastating effects 
on the ecological balance of the marine environment, as 
they can be easily assimilated and accumulated in the 
food webs (Copat et al., 2013; Jitar et al., 2013, Jakimska 
et al., 2011; Yoshino et al., 2020), and the greatest 
concern being in the upper levels of the food chain for 
the top predators, such as cetaceans. Accumulation of 
heavy metals is a phenomenon that has been 
documented for many cetacean species (Law, 1994; 
Delgado-Suarez et al., 2023) and it has been shown 
heavy metals can seriously affect the physiological 
activities and biochemical parameters of the organism 
(Boon et al., 1994; Gerpe et al., 2002; Jaishankar et al., 
2014 et al., Kehringet et al., 2016; Xiong et al., 2019; 
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Garcia-Cegarra et al., 2020). However, it should be 
considered that the bioaccumulation of heavy metals 
often affected by numerous factors, as a environment 
condition, species, sex, age, breeding cycle, tissues, diet 
and geographical location (Bossart, 2011; Kehring et al., 
2016). Their trophodynamics also differ across food 
webs, such as concentrations of some heavy metals such 
as Cd and Pb can be biologically amplified, but others 
not (Wei et al., 2016). So, in these cases, the use of 
biomagnification factor (BMF) can be a good criterion to 
assess the ecological risk of pollutants (Tao et al., 2012; 
Ali & Khan, 2019). 

Over the past few decades, the Black Sea 
ecosystem has registered major changes caused by 
anthropogenic factors and pollutants, so many fish 
species have declined dramatically. It is assumed that 
the reduction of fish resources leads to a decrease in the 
availability of prey and has a strong impact on cetacean 
populations (Bushuyev, 2000). Fish is a major food 
resource from the sea and often is subject of research 
for the accumulation of various heavy metals (Stancheva 
et al., 2010; Elnabris et al., 2013; Bat & Arici, 2016; 
Makedonski et al., 2020). Bioaccumulation of metals in 
the Black Sea food chain has been also reported for 
other organisms, such as algae and molluscs (Jitar et al., 
2015), but there are no such reports for cetaceans and 
their role as bioindicators. This type of research is а few 
for the entire Black Sea (Das et al., 2004; Evtimova et al., 
2019), and toxicological data on cetaceans from the area 
are scarce or even non-existent.  

For object of the present study, the three 
cetaceans living in the Black Sea were selected - Black 
Sea porpoise (Phocoena phocoena ssp. relicta Abel, 
1905), Black Sea common dolphin (Delphinus delphis 
ssp. ponticus Barabasch-Nikiforov, 1935) and Black Sea 
bottlenose dolphin (Tursiops truncatus ssp. ponticus 
Barabash-Nikiforov, 1940), due to their place in the food 
chain and lack of toxicological data for these species. 
The aim of this research was to study the presence and 
accumulation of five heavy metals (lead – Pb, cadmium 
– Cd, – zinc – Zn, copper – Cu and nickel – Ni) in the 
cetaceans along the Bulgarian Black Sea coast. Also, the 
accumulation and biomagnification of heavy metals 
from water into the tissues of the cetaceans and six fish 
species, included in their diet.  
 

Materials and Methods 
 

Study Area 
 

The present study was conducted along the 
Bulgarian Black Sea coast. Fish species and sea water 
were sampling in two points - one located on the 
Northern Black Sea coast, in the area of Cape Kaliakra 
(43°22'47"N 28°28'21"E) and the other one on southern 
coast, in the area of the town of Tsarevo (42°10'23"N 
27°51'46"E). Both points are located about 200 meters 
from the coast (Figure 1), and were chosen due to 
increased presence of fish and cetaceans in these 
coastal area. 

 

Figure 1. Study area: А: Northern fish and water sampling site; B: South fish and water sampling site on the Bulgarian Black Sea 
coast. 
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Data Collection 
 

A total of 38 samples (n=38) were analysed in the 
present study - 9 (n=9) samples from cetaceans - 25 
(n=25) from fish, and 4 (n=4) seawater. The data were 
collected from fieldwork between November 2022 and 
July 2023. Three approaches were used to collect 
samples of cetaceans, fish and water along the Bulgarian 
coast. 
 
Cetacean’s Samples 
 

The samples were collected by the transect 
method along previously selected parts of the coastline, 
located north of Varna and south of Burgas. For the 
purposes of the study, mostly extensive sandy beaches 
were selected. Only bone samples were collected, as all 
cetacean carcasses found precluded the collection of 
other tissue samples due to their advanced stages of 
decomposition. For the same reason, the body length of 
cetaceans was not measured (in some cases body parts 
are missing), but it should be noted that according to the 
visible remains, there are no new born individuals 
among them. All specimens were determined to species 
level according to “Guidelines for coordinated cetacean 
stranding response” (ACCOBAMS, Resolution 4.16). 
 
Fish Samples 
 

All fish species were caught by commercial fishing 
gear (gill nets and static nets) during November 2022 
and March 2023. A total of 6 fish species, from the north 
and south area, were collected - 4 pelagic species 
Mediterranean horse mackerel (Trachurus 
mediterraneus), Atlantic bonito (Sarda sarda), Bluefish 
(Pomatomus saltatrix), European anchovy (Engraulis 
encrasicolus), and 2 bottom fish species - red mullet 
(Mullus barbatus), and family Gobies (Gobiidae). All 
specimens were determined to species level according 
to Karapetkova & Zhivkov (2010).  
 
Water Sampling  
 

The samples were taken from the surface water (at 
about 1 m depth) from the two survey points. The 
seawater samples was placed in glass bottles, stored in 
a refrigerated bag and sent for analysis to a licensed 
laboratory within 36 hours. A total 4 samples was 
collected - 2 from north and 2 from south. The results 
are expressed as mg/L. 
 
Sampling Processing and Analysis  
 

Each collected fish specimen was stored in clean 
plastic bag and freezed on −18°C. In the laboratory 
frozen fish samples were thawed at room temperature, 
and rinsed with distilled water to get rid of any trace 
metal residue on the external surface of the fish. It was 
prepared samples from muscles, bones and gills. Each 

tissue sample is prepare from multiple specimens (from 
several fish specimens). 

Combined tissue samples were weighed and 
transferred to aluminum foil and processed by air-drying 
on 35°C for 36 hours. The cetacean’s samples were 
stored in clean plastic bags (without preparations and 
chemicals) and then ground to a uniform mass weighing 
about 2 g.  

About 1 gram of each biota sample is weighed, 
transferred to a flask for iodine number, moistened with 
1-2 ml of bi distilled water and 10 ml of nitric acid and 5 
ml of perchloric acid are added. The samples thus 
prepared are left in the cold for 24 hours to start the cold 
degradation process. After 24 hours, they are heated on 
a sand bath and evaporated to a moist residue. This wet 
residue is quantitatively transferred with 1N nitric acid 
in a test tube to a final volume of 10 ml. According to the 
same methods, a "zero" sample is prepared. The content 
of the pre-selected heavy metals was determined by ISP 
“OPTIMA 7000” Perkin-Elmer in the Atomic Absorption 
Spectrophotometry Laboratory. All the digested 
samples were analyzed three times for metals such as 
Cd, Cu and Pb using Atomic Absorption 
Spectrophotometer (AAS ZEEnit-700P). The results are 
expressed as a wet weight (ww). 

 
Data Analysis 
 

To estimate the concentration for each of the 
studied heavy metals in the samples the mean 
concentration (x) and the standard deviation (SD) were 
calculated. The test for normality was performed using 
Kolmogorov–Smirnov test, followed by comparison pair 
unpaired t-test, with which we evaluated the 
significance of the differences between heavy metals 
concentrations in the biota samples for the two 
monitored area - north and south coast. The P-value less 
than 0.05 was considered statistically significant 
(P<0.05). PAST statistical software was used for 
statistical analysis.  

The bioaccumulation factor (BCF) is defined as: 
 

BCFwater = Cb/Cwater 
 

where Cb represents the heavy metal 
concentration in the living tissues and Cwater 
represents the heavy metal concentrations in 
environment - water (Sijm & Hermens, 2000). We 
calculated BCF/water for fish and cetaceans. 
Bioaccumulation of heavy metals is confirmed when the 
‘Transfer Factor’ (TF) is higher than 1 (Vrhovnik et al., 
2013).  

To calculate the extent of biomagnification in the 
food web, we used the biomagnification factor (BMF), 
which is described as:  
 

BMF = CB/CD 
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where CB is the chemical concentrations in the 
organism and the organism's diet CD - (Gobas & 
Morrison, 2000). The TF values >1 indicate 
magnification. 
 

Results 
 

Heavy metal concentration in cetacean tissues 
Four Ph. phocoena, three D. delphis and two T. 

truncatus individuals were found during the study 
period. The five study elements were found in all 
cetacean samples. The concentrations of Pb, Cd, Zn, Cu 
and Ni in the analyzed cetacean samples are presented 
in Appendix 1. Mean concentrations of heavy metals in 
different cetacean species are presented on Figure 2 and 
Figure 3.  

The concentration of Cd, Cu and Ni was highest in 
Ph. phocoena and of Pb and Zn in D. delphis. The 
distribution of the average concentration of elements in 
cetaceans follows the following pattern: Zn > Pb > Cd > 
Cu > Ni. The metal concentration in samples from the 
two studied areas is shown in Figure 4. No significant 
difference was found between the concentration of the 
elements in the samples collected in the Northern and 
Southern Black Sea coasts (P>0.05), (Table 1). 
 
Heavy Metal Concentration in Fish Tissues 
 

The results for the individual fish tissue samples 
are given in Appendix 2 and Appendix 2.1. The 
comparison between the two study area showed higher 
values of Zn and Cd in the samples from the Northern 

 

Figure 2. Mean values and SD of heavy metals (Pb, Cd, Cu, Ni) concentrations in cetaceans samples by species (mg/kg ww). 
 

 

Figure 3. Mean values and SD of heavy metals for Zn concentrations in cetaceans samples by species (mg/kg ww). 
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Black Sea coast (Figure 5), and the concentration values 
of Pb, Ni and Cu were higher in the samples from South. 
However, there was no statistically significant difference 
between concentration of any of the studied elements 
in the fish samples from the two studied area (P>0.05) 
(Table 1). A comparison was made between the 
concentrations of heavy metals in the different fish 
species, generally (from both regions) (Figure 6). 

The presence of Pb and Cd was found in all studied 
fish species from the Bulgarian Black Sea, with Pb values 
from 0.77 to 24.74 mg/kg ww (maximum in E. 

encrasicolus). Regarding Cd, values is from 0.10 to 0.47 
mg/kg ww, which exceeded the permissible norm and 
was the highest in the samples of gobies. The highest 
concentration of Ni was found in Gobiidae samples (0.50 
mg/kg ww), and the lowest results in M. barbatus (0.17 
mg/kg ww). Zinc was lowest in Gobiidae samples (0.89 
mg/kg ww) and highest in E. encrasicolus (19.46 mg/kg 
ww). Regarding Cu, the highest concentration was 
observed in T. mediterraneus (2.41 mg/kg ww). The 
descending order of mean levels of elements in fish 
tissues was as follows: Zn > Pb > Cu > Ni > Cd. 

 

Figure 4. Mean heavy metals concentrations (Pb, Cd, Zn, Cu, Ni) in cetaceans samples (mg/kg ww) from the North and South Black 
Sea coast. 

 

 

 

Table 1. A paired sample t test that was used to observe the significant differences in heavy metal concentrations in cetaceans and 
fish between two monitored area - North and South. The P-value less than 0.05 was considered statistically significant (P<0.05). 

Samples Pb Cd Zn Cu Ni 

Cetaceans t=1.244 t=0.937 t=0.307 t=0.906 t=0.068 
 P=0.115 P=0.181 P=0.381 P=0.189 P=0.472 

Fish t=0.322 t=1.024 t=0.257 t=0.585 t=0.524 
 P=0.374 P=0.158 P=0.399 P=0.308 P=0.302 

 

 

 

 

Figure 5. Mean concentrations of heavy metals (Pb, Cd, Zn, Cu, Ni) (mg/kg ww) in all fish species from the North and South 
Bulgarian Black Sea. 
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Heavy Metal Concentration in Seawater 
 

The highest metal concentrations in seawater were 
found for Zn (0.032 mg/L) and the lowest of 0.00011 
mg/L for Cd in the northern area (Table 2). According to 
the national legislation, for the mean concentrations 
determined for Pb, Cd, Zn, Cu, and Ni, in the seawater 
body, all value complies with norms. 
 
Accumulation and Biomagnification  
 

The BCFwater value indicated that cetaceans 
accumulate Cd, Pb and Zn (TF>1), and fish accumulate 
Pb and Cd (TF>1), (Figure 7). Most of the studied 
elements show a tendency to accumulate from the 
environment in the biota. 

The Biomagnification factor (BMF) results indicate 
biomagnification in all cetacean samples for the 
elements Cd and Zn (BMF for Cd=5.15, BMF Zn=3.22). In 
comparing the individual species BMF is positive for Cd, 
Zn and Cu in all three species. In Ph. phocoena BMF is 
hight for Cd and Cu, and at D. delphis for Zn (Figure 8). 
 

Discussion 
 

Environmental problems related to the pollution of 
the Black Sea are important not only for the Bulgarian 
coast, but also for all the countries along the Black Sea 
(Bat et al., 2018). The Bulgarian Black Sea is divided on 
northern and southern region by physical-geographical 
end climatic features (Penin, 2007), as well as by the 
seasonal distribution of fish species (Zlateva et al., 
2022). In the southern region, tourism is more 

developed, various sources of pollution also come from 
the ports and the lack of a sufficiently well-built sewage 
network in small towns. In the north, agriculture 
predominates and different pollutants come from the 
infusion of one of Europe's largest rivers, the Danube, 
into the sea (Ministry of Agriculture Food and Forestry, 
2020). 

Bioaccumulation and long-term exposure to 
contaminants can be expected to pose a threat to 
organisms at the upper levels of the food chain, such as 
cetaceans (Das et al., 2004). However, the limited 
research on heavy metal accumulation in cetaceans in 
the Black Sea leaves many gaps on the subject, and only 
long-term studies would fill them. The current study 
presents new data on the accumulation of five heavy 
metals (Pb, Cd, Zn, Cu and Ni) in the bones of three 
cetacean species. The focus is on these five elements for 
several reasons: their frequent presence in many studies 
and the possibility of comparison, their role in animal 
metabolism and harmful effects (Çelik & 
Oehlenschläger, 2004; Delgado-Suarez et al., 2023). 
However, it should be noted that comparison of results 
often is difficult due to different sample processing and 
calculation methods. There are currently no established 
norms, levels or time periods for accumulation of heavy 
metals in cetaceans, and accumulation always depends 
on many factors (Bossart, 2011; Kehring et al., 2016). 

The values obtained for the cetaceans (Appendix 1) 
exhibit a high degree of variability in metal 
accumulation, as a function of species (Frodello & 
Marchand, 2001). The concentration of the element Zn 
in bone tissue was the highest, and for Ni was the lowest 
in all studied samples. These results are consistent with 

 

Figure 6. Mean concentrations of heavy metals (Pb, Cd, Zn, Cu, Ni) (mg/kg ww) by fish species (generally from both region). 
 

 

 

Table 2. Heavy metal concentrations in seawater mg/L (mean) from Bulgarian  Black Sea coast. 

Sampling area Pb Cd Zn Cu Ni 

North 0.0014 0.00011 0.032 0.0037 0.0018 
South 0.00088 0.00016 0.028 0.0038 0.0016 
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other studies where, for various cetacean species the 
highest concentrations were found for Zn and the lowest 
for Ni (Delgado-Suarez et al., 2023). Looking at individual 
species, Zn levels were highest in D. delphis and lowest 
for T. truncatus. The similar high levels of Zn have been 
observed for D. delphis from the coast of Portugal 
(Monteiro et al., 2016). This difference in zinc 
concentration between D. delphis and T. truncatus is 
likely due to species affiliation (Law, 1994) or some 
other factor that can not clarify without additional data 
of age, sex, etc. The concentration of Pb in the bones of 
D. delphis from the Mediterranean Sea is reported from 
0.82 to 1.20 mg/kg and from 0.60 to 1.11 mg/kg for T. 
truncatus (Frodello & Marchand, 2001). In the present 
study, Pb concentrations showed higher values for D. 
delphis (2.19 mg/kg), and similar to those of T. truncatus 
from the Mediterranean - (1.04 mg/kg). The availability 
of Pb varies according to a number of environmental 
factors, as endogenous factors strongly infuence metal 

kinetics and effects (Foulkes, 1995). However, the 
presence of Pb and Cd is a cause for concern in any case, 
as even small concentrations can have negative 
consequences (Çelik & Oehlenschläger, 2004; Borrell et 
al., 2015).  

The mean concentrations of metals determined in 
the samples of Ph. phocoena from the Bulgarian Black 
Sea coast in the present study are lower than those 
measured for the same species five years ago (Evtimova 
et al., 2019). Differences were observed for the 
elements Pb and Zn (Pb - 1.89 mg/kg in the present 
study and 13.8 mg/kg study five years ago) as well as for 
Zn (33.22 mg/kg and 294.8 mg/kg respectively). 
Differences in zinc levels between studies may be due to 
the fact that the 2017 sample consisted primarily of 
young and neonates individuals aged 0 to 3 years, while 
the present samples lacked neonates entirely. According 
to the literature, high concentrations of Zn are observed 
in young individuals and neonates (Wagemann et al., 

 

Figure 7. Bioaccumulation factor BCFwater in cetacean and fish. TF > 1 indicate accumulation.  

 

 

Figure 8. Biomagnification Factor (BMF) by cetaceans species. TF values >1 indicate biomagnification. 
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1984), since this element is known to be in high levels in 
tissues undergoing rapid growth (Caurant & Triquet, 
1995). Additionally, in the Ph. phocoena higher 
concentrations of Pb and Cd were found compared to 
D.delphis and T.truncatus. This is probably related to the 
main habitats of the species - coastal waters (Birkun et 
al., 2014), and it can be assumed that it is most exposed 
to harmful anthropogenic factors in this area (Jitar et al., 
2015).  

Metals pass into cetaceans either directly through 
the contact with the ambient water and/or food (Spry & 
Wood, 1988). The results of the fish samples also show 
the presence of all the investigated elements and are 
indicative of the significant variations among fish species 
along the Bulgarian Black Sea coast. Accumulation of Pb 
and Cd was observed in all fish species (from 0.56 to 
28.98 mg/kg for Pb and from 0.08 to 0.87 mg/kg for Cd), 
and can explains their presence in cetaceans. No 
significant differences were found between the 
presence of heavy metals in different fish species from 
the northern and southern area. This is probably due to 
the fact that most species are highly mobile and migrate 
from south to north (Zlateva et al., 2022) and due to the 
lack of statistical differences in seawater samples (in 
environment). The highest content of Pb was recorded 
in the samples of E. encrasicolus, and of Cd in Gobiidae. 
The high Pb content in E. encrasicolus is a cause for 
concern, as the species is one of the main food bases not 
only for cetaceans but also for other predatory fish 
(Tonay et al., 2007; Krivokhizhin & Birkun, 2009). 

BCF results show that cetaceans tend to 
accumulate heavy metals from the environment, BCF 
confirmed for Cd and Pb (Cd - TF = 1.48, and lowest for 
Zn - TF = 1.09 ), and the other heavy metals (Cu, Ni) 
showed no accumulation. Fish also mainly accumulate 
from the environment Pb, followed by Cd and none of 
the other heavy metals (Zn, Cu, Ni). The accumulation of 
metals in fish tissues depends on the degree of 
environmental pollution and the diet of the species 
(Kalantzi et al., 2013). Various studies have shown that 
heavy metal concentrations for fish living in the same 
environmental conditions are constant, with the 
exception of predatory fish (Jitar et al., 2015). Other 
authors maintain that overall BCF has higher values for 
plankton and zoobenthos and lower values for fish (Tao 
et al., 2012). The bioaccumulation factor calculated for 
fish may in some cases be irrelevant due to their 
mobility in water, with heavy metal concentrations 
being higher for benthic than for pelagic species (Copat 
et al., 2013). So in this case, this statement can also 
apply to cetaceans as motile species. 

BMF in cetaceans is confirmed for the elements Cd, 
Zn and Cu. The tendency for essential metals, as a Zn to 
accumulate in a higher concentration than non-essential 
metals can be explained by the fact that they are actively 
involved in metabolism (Elnabris et al., 2013). The 
highest values of biomagnification of heavy metals are 
observed at Ph. Phocoena, and lowest in T.truncatus. 
Obviously, different species tend to accumulate 

different concentrations of heavy metals as well. The 
high levels of accumulation in Ph. Phocoena can be 
explained not only by habitat, but also by diet. The diet 
of Ph. phocoena often includes benthic species such as 
Gobiidae, unlike the other two species (Tonay et al., 
2007; Krivohizhin & Birkun, 2009). According to Oros & 
Gomoiu (2012), benthic fish generally accumulate 
higher concentrations of heavy metals than pelagic fish, 
which is explained by their association with the 
sediment substrate. In our case, the samples of Gobiidae 
also showed a high value of some metals, as Pb and Ni. 
However, to date, more samples and data on age, sex, 
etc. are needed before firm conclusions can be drawn, 
but in any case the results show that cetaceans tend to 
accumulate heavy metals along the Black Sea food chain 
and can be used as a reliable bioindicator. 
 

Conclusions  
 

The present study analyzed the presence and levels 
of five heavy metals (Pb, Cd, Zn, Cu, Ni) in bones of the 
three cetacean species and six fish species in the 
Bulgarian Black Sea. Among the metals, the highest 
average concentration was observed for Zn in all studied 
samples (cetaceans, fish and seawater). BCFwater was 
higher for cetaceans for Cd, Pb, and Zn, while for fish the 
same trend was registered for Pb and Cd. The BMF have 
shown that, as the largest predator in the Black Sea food 
chain, cetaceans preferentially accumulate Cd and Zn 
(TF>1).The distribution of the concentration of heavy 
metals follows the following pattern: Zn > Pb> Cd> Cu> 
Ni (in cetaceans) and Zn > Pb > Cu > Ni > Cd (in fish). 

Finally, it is of great importance that we continue 
to monitor cetacean strandings and use them to indicate 
pollution levels in the sea. The future establishment of a 
database and regulatory framework for Black Sea 
species will be useful in studying this issue. In addition 
to studying heavy metals accumulation, it will be very 
interesting to study how all these elements affect the 
population. 
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