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Abstract  
 
The study presents the first data on the accumulation circulation of Al, Ba and Cd in the samples of skin, muscles and 
liver of the European perch (Perca fluviatilis Linnaeus, 1758), its dominant parasite species Eustrongylides excises 
Jägerskiöld, 1909 larvae, water and sediments from the freshwater ecosystem of the anthropogenically affected protected 
area Mandra-Poda, Black Sea Basin, Bulgaria. The potential of European perch and E. Excises for bioaccumulation 
towards the studied elements has been studied. The bioindicator significance of P. fluviatilis and E. Excises for assessing 
the pollution of the freshwater ecosystem with Al, Ba, and Cd has been revealed. The risk to human health and living 
organisms has been evaluated. Measures for the protection of the ecosystem have been indicated. 
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INTRODUCTION 
 
The Mandra-Poda Complex is located south of 
the industrial zone of Burgas, along the sea 
coast. It is part of the Burgas Wetlands, within 
the Black Sea Basin Region and Ecoregion 12: 
Pontic Province, Sub-Ecoregion 12-2: Black 
Sea, in southeastern Bulgaria. The Mandra-Poda 
Complex is recognized as a wetland of 
international importance under the Ramsar 
Convention on Wetlands (1971). The site is also 
protected under the Habitats Directive 
(Directive 92/43/EEC) and the Birds Directive 
(Directive 79/409/EEC). Additionally, it is 
designated as a Corine Biotope (Corine, 1985) 
and classified as an Important Bird Area by 
BirdLife International. According to national 
legislation (Law on Protected Areas, 1989), 
three protected areas have been designated 
within the territory of the Mandra-Poda 
Complex: "Poda" (State Gazette No. 37/1989), 
"Ustie na reka Izvorska" (State Gazette No. 
18/1990), and "Uzungeren" (State Gazette No. 
102/2005). These areas were established for the 
conservation of habitats supporting endangered 
and rare bird species. The Complex lies along 
the "Via Pontica" migration route. Four rivers - 

Izvorska, Fakiyska, Sredetska, and 
Rusokastrenska - flow into the Complex. 
Despite its international and national 
significance for habitat protection and 
exceptional biodiversity, the Mandra-Poda 
Complex is under significant anthropogenic 
pressure. Nearby, the Lukoil Neftochim Burgas 
oil refinery utilizes water from the Complex for 
industrial purposes. 
Serious threats to the protection of biodiversity 
and water resources are the great anthropogenic 
pressure from the construction around the 
wetland, associated with the destruction of 
natural habitats (wet meadows and others), 
eutrophication of the wetland, pollution with 
industrial wastewater, household waste, 
overfishing, poaching, disturbance of birds and 
other organisms. Studies on parasites and 
parasite communities of freshwater fish from the 
Complex Mandra-Poda are scarce (Margaritov, 
1959; Ilieva & Kirin, 2024). There were 
established single scientific studies on the 
chemical indicators of water pollution and the 
content of pollutants in the muscles of 
freshwater fish species (Georgieva et al., 2015; 
Peycheva et al., 2022), as well as on the 
contamination of Se in organs and tissues of 
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European perch and its parasite Eustrongylides 
excisus, in waters and sediments (Ilieva & Kirin, 
2024). 
The study aims to present ecohelminthological 
and monitoring results for contamination with 
aluminium (Al), barium (Ba), and cadmium 
(Cd) in tissues and organs of Perca fluviatilis 
Linnaeus, 1758 its dominant helminth species 
Eustrongylides excises Jägerskiöld, 1909 larvae, 
waters and sediments, as well as an assessment 
of their bioindicator significance for the 
condition of the Complex Mandra-Poda. 
 
MATERIALS AND METHODS 
 
The helminthological and environmental 
monitoring study was conducted on thirty 
specimens of Perca fluviatilis collected from the 
Mandra-Poda Complex. The perch samples 
were obtained using multi-mesh gillnets in 
accordance with BSS EN 14757:2015 - Water 
quality: Sampling of fish with multi-mesh 
gillnets. Sampling was performed with 
permission from the Executive Agency for 
Fisheries and Aquaculture, under the Ministry of 
Agriculture of Bulgaria. 
The scientific names of the studied fish species 
were verified using the FishBase database 
(Froese & Pauly, 2024).  
Sampling was carried out at three sites located 
in the eastern (Poda), northern (Meden Rudnik), 
and western (Konstantinovo) areas of the 
Mandra-Poda Complex (42°24′12.31″N, 
27°19′18.05″E; 309 m; Figure 1). 
 

  
Figure 1. Studied biotopes from the Complex Mandra-

Poda 
 

The helminthological examination of Perca 
fluviatilis was conducted following the 
methodologies outlined by Zashev and 
Margaritov (1966), Bauer (Ed.) (1987), and 
Moravec (2013). Collected helminth specimens 
were preserved in 70% ethyl alcohol. Dominant 
nematode specimens were identified using 
temporary slides, in accordance with Moravec 
(2013). The predominant species, 
Eustrongylides excisus (Jägerskiöld, 1909), was 
selected as a model helminth for subsequent 
monitoring studies. 
Tissue samples (skin, muscle, and liver) from P. 
fluviatilis, along with E. excisus larvae, were 
prepared to assess aluminium (Al), barium (Ba), 
and cadmium (Cd) concentrations, following the 
protocol of Nachev et al. (2013). Pre-weighed 
and thawed samples of fish tissues (up to 300 mg 
wet weight) and helminths (up to 100 mg wet 
weight) were subjected to acid digestion using 
aqua regia and microwave heating (Method B: 
Microwave heating with temperature control at 
175 ± 5 °C). Approximately 2 g of each sample 
were digested in closed vessels under pressure 
with 6.0 mL HCl and 2.0 mL HNO₃. Elemental 
concentrations were determined using 
inductively coupled plasma optical emission 
spectrometry (ICP-OES), in accordance with 
EN ISO 16170:2016. 
In addition, concentrations of Al, Ba, and Cd in 
surface water and sediment samples were 
measured using EN ISO 11885:2009 (Water 
quality - Determination of selected elements by 
ICP-OES) and ISO 22036:2024 (Environmental 
solid matrices - Determination of elements by 
ICP-OES). 
The Bioconcentration Factors for determining 
the capacity for accumulation of Al, Ba, and Cd 
in the muscles, skin, and liver of European perch 
and E. excisus from freshwater environments 
(Bioconcentration Factor,              
BCF=CAl,Ba,Cd_Skin/СAl,Ba,Cd_Liver/CAl,Ba,Cd_Muscle/ 

CAl,Ba,Cd_E.excisus/CAl,Ba,Cd_Water/CAl,Ba,Cd_Sediments) 
(Sures et al., 1999), as well as the 
Bioaccumulation Factor for determining the 
capacity for accumulation of Al, Ba, and Cd in 
E. excisus from organs and tissues of European 
perch (Bioaccumulation Factor, 
BAF=CAl,Ba,Cd_E.excisus/CAl,Ba,Cd_fish_tissues_organs) 
(Sorensen, 1991; Zaharieva, 2022a) are 
presented. Spearman's rank correlation 
coefficient (rs) values were determined to 
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establish the relationship between the 
concentrations of Al, Ba and Cd in 
environmental samples (water, sediments), in 
samples of liver, muscle and skin of host fish 
and in samples of the nematode E. excisus 
(Sokal & Rohlf, 1981). The coefficient of 
determination (rs2) was presented to determine 
what percentage of the factor variable would 
cause changes in the output variable. The 
Friedman test (Friedman's ANOVA test) was 
calculated to assess the significance of the 
differences between the contents of Al, Ba and 
Cd in the studied tissues and organs of fish and 
E. excisus (Sokal & Rohlf, 1981). The results are 
statistically processed using Statistic 10 (Stat 
Soft Inc., 2011) and MS Excel (Microsoft 2010). 
 
RESULTS AND DISCUSSIONS 
 
Characteristics of the studied fish species 
European perch, Perca fluviatilis Linnaeus, 
1758 (Percidae), was chosen as a model 
freshwater fish species due to its dominant 
behavior in the samples and as a predatory 
species. P. fluviatilis is also a demersal and 
brackish fish species. The perch feeds mainly on 
zooplankton, zoobenthos and small fish. Perca 
fluviatilis is in the category of Least Concern 
species according to the International Union for 
Conservation of Nature Red List (LC; IUCN) 
(Kottelat & Freyhof, 2007; Froese, & Pauly 
2024). The species are not protected in the 
territory of Bulgaria (Karapetkova & Zhivkov, 
2006). The perch inhabits various water bodies 
in the country and is widely distributed. P. 
fluviatilis is mainly targeted by recreational 
fishing. Each specimen's maximum length (TL, 
cm) and weight (B, g) were measured. The 
maximum length of the studied specimens 
ranged from 12-22.50 cm (17.77±3.06), and the 
weight from 21-227 g (75.77±57.09). 
 
Characteristics of the studied endohelminth 
species 
The ecohelminthological study of 30 specimens 
of European perch, Perca fluviatilis Linnaeus, 
1758 from the Complex Mandra-Poda shows a 
clear dominance of the nematode Eustrongylus 
excisus (Jägerskiöld, 1909) (P%=90). The 
definitive hosts of Eustrongylus excisus 
(Jägerskiöld, 1909) are cormorants 
(Phalacrocorax carbo (Linnaeus, 1758), Ph. 

pygmaeus (Pallas, 1773)). The adult nematodes 
are localized in the glandular stomach of the 
host. The life cycle of E. excisus occurs with the 
participation of two intermediate hosts: the first 
intermediate hosts are aquatic oligochaetes 
(Lumbricus variegatus (Müller, 1774), Tubifex 
tubifex (Müller, 1774), Limnodrilus sp.). The 
first stage of larvae development is localized in 
the intestine and then in the body cavity. The 
second stage larva is localized in the abdominal 
blood vessel, and the third stage larva with the 
bloodstream passes to the head and tail of the 
host. Benthic fish species are the second 
intermediate host (Ponticola kessleri (Günther, 
1861), Neogobius melanostomus (Pallas, 1814), 
Rutilus rutilus (Linnaeus, 1758)). The 
intermediate hosts and the final host are infected 
by feeding. In the body of the second 
intermediate host, the fish and the third-stage 
larvae are localized in the body cavity or coiled 
in a circle under the serous coating on the 
surface of the internal organs. After another 
moult, they migrate into the muscles of the fish. 
The fourth stage larva is invasive, coiled and 
encapsulated. P. fluviatilis is a reservoir host of 
E. excisus. Other species, reservoir hosts of           
E. excisus are: Leuciscus aspius (Linnaeus, 
1758), Silurus glanis Linnaeus, 1758, E. lucius, 
Sander lucioperca (Linnaeus, 1758), Sander 
volgensis (Gmelin, 1789), G. cernua, Alburnus 
chalcoides (Güldenstädt, 1772), Bentophilus 
macrocephalus (Pallas,1787), Huso huso 
(Linnaeus, 1758), Acipenser ruthenus Linnaeus, 
1758, A. gueldenstaedtii Brandt & Ratzeburg, 
1833, Leuciscus idus (Linnaeus, 1758), 
Luciobarbus brachycephalus (Kessler, 1872). 
Accidental hosts can also be amphibians (frogs, 
Pelophylax ridibundus (Pallas, 1771)), reptiles 
(Natrix tessellata (Laurenti, 1768), turtles and 
others), mammals (rabbits, rats, seals, even 
humans) (Bauer, 1987; Kakacheva-Avramova, 
1983; Honcharov et al., 2022).             E. excisus 
has been reported in Bulgaria for             P. 
fluviatilis from Lake Srebarna (Shukerova, 
2010; Shukerova et al., 2010; Hristov, 2013; 
Kirin et al., 2013a); from the Arda River (Kirin 
et al., 2013b); from the Danube River 
(Atanasov, 2012; Kirin et al., 2013a; Zaharieva, 
2022b). E. excisus has been reported for the 
Mandra-Poda complex from S. lucioperca as a 
reservoir host and from Gobius sp. as an 
intermediate host (Margaritov, 1959); from               
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P. fluviatilis (Ilieva & Kirin, 2024 and in the 
present study). 
 
Concentration of aluminium (Al), barium 
(Ba) and cadmium (Cd) in the system Water 
- Sediments - P. fluviatilis – E. excisus 
Chemical analyses were performed to determine 
the Al, Ba, and Cd content in the skin, muscle, 
and liver of P. fluviatilis, in samples of E. 
excisus, water, and sediments (Table 1). 
 

Table 1. Contamination with aluminium (Al), barium 
(Ba), and cadmium (Cd) in tissues and organs of P. 

fluviatilis, its nematode species E. excisus, waters and 
sediments [mg/kg] 

Samples Min.-Max. 
Mean±SD 

Min.-Max. 
Mean±SD 

Min.-Max. 
Mean±SD 

Wet weight Al Ba Cd 
Skin  
P. fluviatilis 

3.38 – 86.16 
58.69±7.54 

1.18- 4.07 
2.62±0.32 

0.00-0.00 
0.00±0.00 

Muscle  
P. fluviatilis 

81.52-133.28 
107.40±12.94 

0.53-0.93 
0.73±0.10 

0.00-0.00 
0.00±0.00 

Liver  
P. fluviatilis 

10.49-18.07 
14.28±1.89 

0.06-0.26 
0.16±0.05 

0.09-0.15 
0.124±0.01 

E. excisus 28.51-53.13 
40.82±6.16 

0.05-0.33 
0.19±0.07 

0.05-0.08 
0.07±0.008 

Dry weight Al Ba Cd 
Skin  
P. fluviatilis 

87.04-147.16 
 117.1±15.03 

3.94-6.54 
5.23±0.65 

0.00-0.00 
0.00±0.00 

Muscle  
P. fluviatilis 

155.78-258.02 
207.9±25.06 

1.01-1.83 
1.42±0.21 

0.00-0.00 
0.00±0.00 

Liver  
P. fluviatilis 

41.75-71.87 
56.81±7.53 

0.26-1.04 
0.65±0.19 

0.38-0.60 
0.49±0.05 

E. excisus 83.92-156.44 
120.18±18.13 

0.15-1.01 
0.68±0.21 

0.16-0.24 
0.19±0.02 

Water 0.01-0.02 
0.013±0.003 

0.02 – 0.03 
0.03±0.005 

0.03 – 0.04 
0.03±0.008 

Sediments 2.65 – 39.97 
25.68±20.14 

7.08 – 140.1 
77.97±66.94 

0.23 – 2.75 
1.85±1.41 

Мaximum permissible concentration (MPC) 
Reg. 31/2004 30 - 0.05 
FAO/ WHO 7 0.3 0.5 
MAFF   0.2 

 
Cd is a major toxic metal until Ba is a minor 
toxic metal (Mostafa et al., 2022). Human 
exposure to aluminium can and will result in 
toxicity (Exley, 2016). Cd causes toxic effects at 
very low concentrations (Sorensen, 1991; 
Peycheva et al., 2014). The maximum 
permissible concentration (MPC) for Cd, 
according Regulation No. 31/2004), is 
0.05 mg/kg fish; according to FAO, it is 
0.5 mg/kg, and according to MAFF, it is 
0.2 mg/kg. Sources of pollution are industrial 
wastewater (Yablanski, Petkov (eds.), 2011). In 
nature, sources of Ba are fossil fuels, igneous 
rocks, feldspar and mica deposits. The entry of 
soluble BaCl2, Ba(NO3)2, or Ba(OH)2 is 
important for aquatic ecosystems. Ba is quickly 
released and binds to naturally occurring 

sulfates or carbonates, forming less soluble 
compounds - BaSO4 and BaCO3, most found in 
soils and waters (Verbruggen et al., 2020). 
Therefore, the toxicity of Ba is closely related to 
the hardness of the water and the amount of 
sulfates/carbonates. As the pH decreases, the 
solubility of Ba increases. This explains the 
higher concentrations of Ba in sediments 
(precipitation of poorly soluble barium 
compounds). A dissolved Ba value of 
0.022 mg∙L-1 has been adopted for human health 
(Verbruggen et al., 2020). 
The highest concentrations of Ba and Cd were 
found in sediments. The lowest contamination 
was in water samples for the three elements. The 
results of the studied tissues and organs of the 
perch and its parasites showed the highest value 
of Al in the muscles, followed by those in the 
skin. The lowest values of Al were found in the 
liver. The Al content in E. excisus was 2.63 
times lower than in the muscles. Therefore, the 
Al content decreased in the order muscles - skin 
- E. excisus - liver - sediments - water. The Al 
content in the muscles was 7.54 times higher 
than in the liver and in the parasite - 2.85 times 
higher than in the liver of the European perch. 
The highest concentrations of Ba were found in 
the skin of P. fluviatilis. The Ba content 
decreased in the order sediments - skin - muscles 
- E. excisus - liver - water. The Ba content in the 
skin was 16.37 times higher than in the liver 
samples, and the parasite – 1.18 times higher 
than in the liver samples. No Cd was detected in 
the skin and muscle samples. The Cd content 
decreased in the order sediments - liver - E. 
excisus - water. The cadmium (Cd) 
concentration detected in the liver samples of 
Perca fluviatilis was 1.85 times higher than that 
found in Eustrongylides excisus (Table 1). 
According to Regulation No. 31/2004, the MPC 
for Al in freshwater fish is 30 mg/kg wet weight. 
Exceedance of the norm was not found only in 
liver samples. The Al content in muscle samples 
is 3.58 times higher than the approved MPC, in 
the skin - 1.95 times, and in the parasite - 1.36 
times. According to the same regulation, the 
MPC for Cd is 0.05 mg/kg wet weight. The 
exceedances are respectively 2.48 times in the 
liver and 1.32 times in the nematode. The Al 
content in water samples is within the norm and 
has been approved according to Regulation No. 
H-4/2012. No exceedances of the Cd content 
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were found according to the approved norms by 
FAO and WHO for food (FAO/WHO (1998)) 
(0.2 and 20 mg/kg wet weight, respectively), 
according to Regulation No. 3/2008 on the 
standards for permitted content of Harmful 
Substances in soil, and Regulation on 
environmental quality standards for priority 
substances and certain other pollutants. 
Exceedances of these norms were found in liver 
and E. excisus samples. 
The obtained results show excesses in the 
content of Al in skin (1.96 times), in muscles 
(3.58 times), and in E. excisus (1.36 times) 
according to the national legislation (Regulation 
No. 31/2004) for the content of Al in freshwater 
fish species (MPC 30 mg/kg); excesses in water 
samples (0.005 mg.l-1 norm according to 
Regulation No. 18/2002) when using surface 
waters for irrigation. The content of Ba was 
exceeded in skin samples (119.09 times) and 
muscles (33.18 times). Cd concentrations were 
exceeded in liver samples (1.8 times) and E. 
excisus (1.4 times), according Regulation No. 
31/2004. Cd concentrations were exceeded in 
water samples (3000 times, Regulation No. 
18/2002). Cd concentrations were exceeded in 
sediment samples on average 2.31 times 
(Regulation No. 18/2002) (Table 1). 
The bioconcentration factors (BCF) and 
bioaccumulation factors (BAF) are presented. 
The highest BCF and BAF were obtained for Al 
and the lowest for Cd (Table 2). 
Very high correlations (rs) were found between 
all the results obtained for Al, Ba and Cd content 
in water, sediments, skin, muscles and liver of 
P. fluviatilis and the dominant parasite species 
E. excisus (Table 2). 
Significant differences were found between 
contaminations with Al and Ba in E. excisus and 
the samples of skin, muscles, liver of European 
perch, waters and sediments, as well as between 
contaminations with Cd in E. excisus and in the 
samples of liver (Friedman’s ANOVA, p<0.05). 
The coefficient of determination (rs2) in all cases 
is 100%. This gives reason to believe that all 
changes in the concentrations with Al, Ba, and 
Cd in the waters and sediments of the Complex 
Mandra-Poda and the specific habitats of P. 
fluviatilis will lead to changes in the 
concentrations of these elements in the skin, 
muscles, and liver of the fish and the dominant 
nematode E. excisus in them. 

Table 2. Bioconcentration factor (BCF), 
Bioaccumulation factor (BAF), and Spearman 

correlation coefficient (rs) between the content of Al, Ba, 
and Cd in water, sediments, P. fluviatilis and E. excisus 
Fish - Parasite - 
Water  
(wet weight) 

Al BCF Ba BCF Cd BCF 

Skin - Water  4514.62**** 109.17**** 0.00 
Muscle - Water 8261.54**** 30.42**** 0.00 
Liver - Water 1098.46**** 6.67**** 4.14**** 
E. excisus - Water 3140.00**** 7.92**** 2.20**** 
Fish - Parasite - 
Sediments 
(dry weight) 

Al BCF Ba BCF Cd BCF 

Skin - Sediments  4.56**** 0.07**** 0.00 
Muscle - 
Sediments 

36.60**** 0.02**** 0.00 

Liver - Sediments 2.21**** 0.008**** 0.26**** 
E. excisus - 
Sediments 

4.68**** 0.009**** 0.10**** 

E. excisus - Fish  
(wet weight) 

Al BAF Ba BAF Cd BAF 

E. excisus- Skin  0.69**** 0.07**** 0.00 
E. excisus - 
Muscle 

0.38**** 0.26**** 0.00 

E. excisus - Liver  2.85**** 1.19**** 0.53**** 
E. excisus - Fish  
(dry weight) 

Al BAF Ba BAF Cd BAF 

E. excisus - Skin  1.03**** 0.13**** 0.00 
E. excisus - 
Muscle 

0.58**** 0.47**** 0.00 

E. excisus - Liver 2.12**** 1.05**** 0.38**** 
rs **** - very significant correlation, p = 0.001. 
 
In this study, the liver accumulated higher 
concentrations of Cd than the parasite. Similar 
results have been obtained by other authors 
regarding the content of the studied elements 
(Al, Ba and Cd) in the liver of freshwater fish 
species, followed by that in the intestine and 
muscle (Leite et al., 2019; Mostafa et al., 2022). 
This is explained by Cd's affinity for proteins 
rich in the liver (Dallinger et al., 1987). In 
contrast to these results for Ba in the liver, the 
skin accumulated the highest concentrations of 
Ba in this study. According to other studies 
(Mazhar et al., 2014), Al is one of the few metals 
that accumulate in the highest concentrations in 
the muscles, which was also revealed by the 
present study. The highest content of Al was 
found in the samples from E. excisus, followed 
by that of Ba and Cd. The L4 larvae (fourth-
stage larvae) were studied, localized in the body 
cavity, where they feed on blood and tissues 
before being encapsulated, which is associated 
with higher levels of Al (Nachev et al., 2013; 
Honcharov, 2022). Al, Ba and Cd contents are 
much higher in sediment samples than in water 
samples. This has also been found in other 
studies and is explained by the fact that metals 
attach to suspended particles or are adsorbed to 
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organic matter and thus precipitate and 
accumulate at the bottom of reservoirs (Mostafa 
et al., 2022). Only about 1% dissolves in water 
during the hydrological cycle (Salomons & 
Stigliani, 1995). 
According to the results obtained in this study, it 
could be assumed that the main source of Al, Ba 
and Cd for P. fluviatilis is food and, to a lesser 
extent, water. 
 
CONCLUSIONS 
 
As a result of the study it was found that the 
highest concentrations of Al accumulate in the 
muscles, the highest concentrations of Ba in the 
skin, and the highest concentrations of Cd in the 
liver. The main sources of Al, Ba and Cd for P. 
fluviatilis are food and to a lesser extent water. 
E. excisus can be used as a sensitive bioindicator 
for Al pollution of freshwater ecosystems. 
Sediment samples contain much higher 
concentrations of Al, Ba and Cd than water 
samples. Very significant correlations were 
found between the content of the observed 
metals (Al, Ba and Cd) and their amounts in 
water, sediments, organs and tissues of                P. 
fluviatilis and its dominant nematode species E. 
excisus. 
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