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Abstract 
 
The Black Sea Turbot (BST) is one of the most valuable fish species exploited within the fisheries activities conducted in 
the Black Sea, due to market demand and high selling prices. However, due to the anthropogenic pressure exercised on 
the Black Sea, BST is prone to accumulate different contaminants such as heavy metals. The risk of heavy metals transfer 
to the human consumer, through fish consumption, is possible. Thus, constant evaluation of the biomass is needed in 
order to avoid consumer intoxication. It is well known that different metals manifest competing behaviour for binding 
spots when accumulating in biota. Therefore, the present study aims to evaluate the concentration of macro- (Ca, Mg, K, 
Na) and micro-elements (Fe, Zn, Cu, Ni, Cr, Mn, Co, Cd, Pb) in BST muscle tissue collected from the Romanian Black 
Sea sector and to determine the correlation relationship between them (Pearson coefficient). The following accumulation 
trend in BST muscle was identified: Na>K>Ca>Mg>Zn>Fe>Cu>Mn>Ni>Cd>Pb>Cr>Co. 
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INTRODUCTION  
 
The high economic value of the marine flatfish 
turbot (Scophthalmus maximus, Pallas, 1814) is 
generally acknowledged due to market demand 
and its meat high nutritional value (Turan et al., 
2019; Ivanova et al., 2021; Liu et al., 2021). 
Globally, the turbot is a target species for both 
the fisheries and the aquaculture sector 
(Khanaychenko & Giragosov, 2019; Ma et al., 
2021; Massa et al., 2021).  
In the Black Sea, the turbot represents one of the 
most valuable fish stocks for the fisheries 
activities conducted in all riparian countries 
(Giragosov & Khanaychenko, 2012; Firidin et 
al., 2020; Hulak et al., 2021). As well, from all 
riparian countries, it has been highlighted that 
Romania and Bulgaria have the most abundant 
turbot stocks, which are influenced by the 
presence of sandy habitats and rich prey items 
(Ulman et al., 2020). The nutritional value of 

turbot meat is assessed based on protein content, 
essential fatty acids, and also, macro- and 
microelements (Manthey-Karl et al., 2016). 
The macro- and microelements profile of turbot 
meat depends heavily on the feeding regime of 
the fish (Pouil et al., 2016). In aquaculture 
production systems, the nutritional value of 
reared turbot meat can be easily controlled by 
using specialised pelleted fish feeds. However, 
in case of specimen obtained from fisheries 
activities, hence from natural and uncontrolled 
marine environments, the meat nutritional value 
depends on food availability and quality. 
Besides the uptake of essential elements from 
food, the turbot is prone to accumulate elements 
with toxic potential such as heavy metals with 
no essential role in fish metabolism (cadmium - 
Cd and lead - Pb). At the same time, it is well 
known that metals considered essential nutrients 
in living cells such as calcium (Ca), magnesium 
(Mg), potassium (K) and sodium (Na) can 
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inhibit the uptake of heavy metals in fish by 
competing for binding spots when accumulating 
in biota (Marchetti, 2013). Therefore, the aim of 
the present study was to evaluate the macro- 
(sodium - Na, potassium - K, magnesium - Mg, 
calcium - Ca) and microelements with toxic 
potential (iron - Fe, zinc - Zn, copper - Cu, nickel 
- Ni, chromium - Cr, manganese - Mn and cobalt 
- Co) , and toxic trace elements lead - Pb, 
cadmium - Cd) profile of the Black Sea turbot 
meat - Scophthalmus maeoticus (Pallas, 1814). 
 
MATERIALS AND METHODS 
 
The BST specimen (n=21) were caught by 
commercial fishing, using specialized gillnets, 
in the Romanian coastal waters of the Black Sea, 
Sf. Gheorghe, Tulcea county. 
 

 
Figure 1. Sample collection from the studied biological 

material (Scophthalmus maeoticus) 
 
The biological material was stored in 
polyethylene bags and kept on ice until 
transportation to the laboratory within the 
REXDAN Research Infrastructure, where 
samples of muscle tissue were processed in 
triplicate (Figure 1). 
The biometric measurements were determined 
for each fish specimen and the results are 
presented as average ± standard deviation in 
Table 1. 
All the extracted samples were subjected to the 
digestion process with suprapure reagents (nitric 
acid and hydrogen peroxide) and the final 
aqueous solution was analysed by inductively 
coupled plasma with mass spectrometry (ICP-
MS) with the Perkin Elmer NexION 2000 
equipment (Figures 2 and 3). 

Table 1. Biometric measurements of the biological 
material 

Indicator Value 
Total length (cm) 37 ± 2.75 
Total weight (g) 1.4 ± 0.12 

 

 
Figure 2. Sample preparation through microwave 

digestion 
 

 
Figure 3. Sample analysis through ICP-MS technique 

 
The following elements were quantified in the 
muscle tissue of the Black Sea turbot: Na, K, 
Mg, Ca, Fe, Zn, Cu, Ni, Cr, Mn, Pb, Cd and Co. 
 
RESULTS AND DISCUSSIONS 
 
The concentration of macroelements in the 
turbot muscle registered the following 
decreasing trend Na>K>Ca>Mg (Figure 4). As 
it is expected, the highest concentration was 
registered in case of the macroelement Na 
(735.96 ± 115 µg/g fresh weight). Na is involved 
in the normal function of the muscle by 
maintaining an adequate blood pressure (Din et 
al., 2015; Stoyanova, 2018).  
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Figure 4. Boxplot representation of macroelements concentration in turbot muscle 

 
Following, the second highest concentration was 
registered in case of K concentration (474.29 ± 
67 µg/g fresh weight). As well as Na, K is 
involved in the contraction of the muscles, and 
at the same time, in responsible for maintaining 
the fish osmoregulation balance (Lall & 
Kaushik, 2021; Wen et al., 2021; Presas-Basalo, 
2022).  
Further on, the Ca concentration in the muscle 
of Black Sea turbot registered an average value 
of 239.22 ± 33 µg/kg. According to (Hrynevych 
et al., 2022), there is a positive correlation 
between Ca accumulation in fish muscle and 
water temperature.  
The Zn concentration in the muscle tissue of the 
studied biological material registered an average 
value of 9.01 ± 0.4 µg/g fresh weight (Figure 5).  
Considering Fe concentration, the analysis of 
muscle tissue of Black Sea turbot indicated a 
value of 1.93 ± 0.33 µg/g fresh weight (Figure 
5).  
Fe and Zn are essential elements involved in fish 
metabolism. For instance, Fe is part of the 
haemoglobin protein, which is responsible for 
the transport of oxygen, while Zn is part of 
several metalloenzymes in fish (Zhao et al., 

2014; Silva et al., 2019; Abd-Elhamed et al., 
2021. 
The concentration of Cu registered an average 
value of 0.21 ± 0.06 µg/g fresh weight in the 
muscle tissue of the studied biological material, 
while Mn registered a mean value of 0.13 ± 0.01 
µg/g fresh weight (Figure 6). As well as Fe, Cu 
is an essential element of fish erythrocytes 
(Kamunde et al., 2002; Malhotra et al., 2020).  
At the same time, Mn is involved in enzymatic 
activities and anti-oxidant processes (Antony 
Jesu Prabhu et al., 2019; Zhou et al., 2022). 
Regarding the concentration of Ni, the mean 
registered value in the muscle of the Black Sea 
turbot was 0.07 ± 0.02 µg/g fresh weight. In case 
of Cd and Pb concentrations, the average value 
in the muscle was 0.02±0.001 µg/g fresh weight 
and 0.01 ± 0.001 µg/g fresh weight respectively. 
Ni essentiality in fish has been speculated, 
however no evidence has been  found to support 
that hypothesis (Muyssen et al., 2011; Blewett 
& Leonard, 2017). Therefore, it could be 
considered that trace amounts of Ni, Cd and Pb, 
which have no biological role in the fish 
organism can negatively influence fish growth 
and welfare. 
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Figure 5. Boxplot representation of microelements concentration in turbot muscle 

 

 
Figure 6. Boxplot representation of microelements concentration in turbot muscle 
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The lowest concentrations of elements in the 
muscle tissue of the Black Sea turbot were 
registered in case of Cr and Co respectively, 
with mean values of 0.008 ± 0.00 µg/g fresh 
weight and 0.007 ± 0.00 µg/g fresh weight 
respectively (Figure 6).  
Chromium is boots insulin activity and holds an 
essential role in the glucose metabolism, whilst 
cobalt is part of B12 vitamin (Blust, 2011; Zhang 
et al., 2022).  
The correlation matrix (Figure 7) highlights the 
positive relationship between the following 
elements: Cr-Co (0.57), Ni-Mn (0.59), Ni-K 
(0.97), Cu-K (0.8), Zn-Cr (0.81), Fe-Cr (0.81), 
Cu-Cr (0.63), Cu-Ni (0.74), Zn-Ca (0.75), Na-
Ca (0.87), Fe-Ca (0.54), Fe-Cu (0.9), Na-Cu 

(0.57), Zn-Cu (0.73), Ca-Zn (0.75), Zn-Fe 
(0.95), Na-Fe (0.71). 
As well, in Figure 7 it can be observed the 
following negative correlations between 
elements in the muscle tissue of the Black Sea 
turbot:  
Mn-Co (-0.87), K-Cd (-0.93), K-Mg (-0.89), Cr-
Pb (-0.64), Cr-Mn (-0.68), Ca-Pb (-0.86), Ca-Co 
(-0.6), Cu-Pb (-0.66), Cu-Cd (-0.91), Cu-Mg (-
0.9), Zn-Pb (-0.97), Na-Pb (-0.9), Fe-Pb (-0.89), 
Fe-Cd (-0.66), Fe-Mg (-0.66).  
Further on, as it can be observed in Figure 8, the 
PCA matrix confirms the positive and negative 
correlations between elements. Withal, the PCA 
analysis explains 77.1% of the data, which are 
distributed in 2 groups. 
 

 
Figure 7. Correlation matrix of elements in the muscle tissue of the Black Sea turbot 

 
 
 



301

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XII, 2023
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

 

 
Figure. 8. Principal component analysis of elements in 

the Black Sea turbot 
 
CONCLUSIONS  
 
The main conclusion of this research is that the 
Black Sea turbot is an important source of 
essential macronutrients such as Ca, Mg, K, Na 
and micronutrients such as Fe, Zn, Cu, Mn, Cr 
and Co. At the same time, the Black Sea turbot 
can also be a source of non-essential elements, 
with toxic potential in the human diet, such as 
Ni, Cd and Pb.  
The following accumulation trend in Black Sea 
turbot muscle was identified: 
Na>K>Ca>Mg>Zn>Fe>Cu>Mn>Ni>Cd>Pb> 
Cr>Co. 
Competition between elements has been 
identified through correlation and PCA analysis, 
especially between K and Cd, Mg and Cu, Ca 
and Pb, Na and Pb. 
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