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Abstract Monitoring heavy metal contaminants in fish is important for the assessment of environmental quality 12 

as well as food safety. In this study, European eel samples were collected from Lake Köyceğiz and Lake 13 

Võrtsjärv in 2017 and 2018. The concentrations of Mn, Cd, Zn, Pb, and Cu metals were measured by using GF-14 

AAS in four selected tissues of eel, including liver, gill, skin, and muscle in both lakes. The pollution indexes 15 

(Pi, MPI) values were calculated for both lakes and the health risk for consumers was assessed for both adults 16 

and children in Turkey and Estonia. The estimated weekly intake (EWI), hazard index (HI), and lifetime cancer 17 

risk values (CRs) for the metals were calculated for both lakes. According to the results of this study, a 18 

significant difference was determined the between the metal concentrations (especially Cu, Cd and Pb) in the 19 

tissues of the eel samples taken from the two lakes. These results show that besides the pollution levels in the 20 

aquatic environment, physiological needs, and metabolic activities in different habitats have a significant effect 21 

on metal accumulation in eels. In addition, HI was found to be <1 for both adult and child consumers in both 22 

lakes, which indicates that consumers would not experience non-carcinogenic health effects. However, the 23 

values of CR for Pb and Cd were found negligible in Lake Köyceğiz, while the CR value for Pb was found to be 24 

very close to the danger limits in Lake Võrtsjärv.  25 

Keywords: Heavy metals. Risk assessment. Human healt. European eel. Lake Köyceğiz. Lake Võrtsjärv 26 

Introduction 27 

Fish is one of the main food sources containing a large number of essential proteins and nutrients in high 28 

concentrations that can be easily absorbed and digested by humans.  Although, protein and essential nutrients are 29 

extremely necessary for the human body, fish is considered one of the inexpensive sources of protein and 30 

essential nutrients for consumption (FAO 2008). However, fish, which are at the top of the food chain in aquatic 31 

ecosystems, are highly affected by heavy metal (HM) pollution from many different sources and as a result 32 

heavy metals can accumulate in their bodies in the aquatic environments. Therefore, fish can be considered as 33 

one of the most serious sources of metals affecting human health (Miao et al. 2020; Zerizghi et al. 2020). It is 34 

known that the HM contamination in fish is extremely important in terms of consumer awareness and safety. 35 
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HMs are known as the most important environmental pollution indicators. They tend to bioaccumulate and 36 

remain in food for a long time (Ahmed et al. 2019).  37 

European eels are used as a reliable biological indicator in the investigation of HM pollution in aquatic 38 

ecosystems, as they are a migratory and predatory species, especially because of their longevity and benthic 39 

lifestyle (Lortholarie et al. 2019; Pannetier et al. 2016). They have been proposed as a suitable matrix for 40 

biological monitoring of environmental pollutants in European freshwater bodies in accordance with the 41 

2000/60/ EC Water Framework Directive (WFD) (EC 2000; Belpaire and Goemans 2007). The pollutant 42 

concentrations (especially those with low water solubility) in the tissues of eels, which have a complex life cycle, 43 

represent a combination of environmental pollution, together with the pollution loads of the species, surface 44 

waters, and sediments in aquatic ecosystems. Inorganic pollutants such as HMs may play a role in the decline of 45 

European eels (Belpaire et al. 2019; Romero et al. 2020; Pannetier et al. 2016; Juszczak et al. 2015). Given their 46 

unique life cycle, European eels are particularly vulnerable to inorganic pollution (Geeraerts and Belpaire 2010). 47 

Due to the high lipid content of eels, metals in organometallic form accumulate more in their tissues (Byer et al. 48 

2015; Freese et al. 2016; Chiesa et al. 2019). Previous studies indicated that eels accumulate more amounts of 49 

metals than other fish species (Pannetier et al. 2016). The bioaccumalation of metals in eels can have an effect on 50 

their life cycle. Because metals accumulated during the yellow stage of eels can be reactivated during 51 

reproductive migration, they can interfere with movement and gonad maturation and cause toxicity events in the 52 

embryonic stage (Usero et al. 2003; Durrieu et al. 2005; Pannetier et al. 2016). Most of these pollutants, which 53 

are usually persistent organic chemicals and HMs, are considered carcinogenic and some of them are stated to 54 

impair metabolic and endocrine functions in humans. Consequently, the consumption of eels is a mark that 55 

humans are directly exposed to these pollutants (Juszcak et al. 2015; Maes et al. 2008; Eira et al. 2009). Because 56 

they are an edible species with high economic value and are important for both recreational and commercial 57 

fisheries, their contamination represents a potential public health problem, as they are consumed in large 58 

quantities in Europe. However, eel consumption in Turkey is considerably low compared to Europe. Metal 59 

pollution in the water ecosystem in Lake Köycegiz (LK) arises usually from agriculture, tourism, and fishing 60 

activities. In Lake Võrtsjärv (LV), on the other hand, domestic and agricultural pollution prevails. Eel population 61 

in LV relies on an annual restocking program (Bernotas et al. 2016), while Köyceğiz Dalyan Lagoon System is a 62 

transit route for Eel. In this way, eels migrate from LK to the Mediterranean. 63 

In this study, the concentrations of Cd, Cu, Mn, Pb, and Zn in tissues (muscle, liver, gills, and skin) were 64 

determined in European eel caught from LK and LV. LK is one of the key areas for the tourism and fisheries 65 

sector in Turkey and LV is one of the most important inland commercial/reacreational fisheries zone and the 66 

second-largest lake in Estonia. LK is located in the Köyceğiz-Dalyan Lagoon System, which is declared a 67 

Special Environmental Protection Area due to its ecological importance and natural beauties (Özdemir 1998). 68 

The eels in LK are naturally found and can migrate by maintaining their completely natural life. While being 69 

restocked, eels perform migrations from LV as well. Besides the annual seaward silver eel migration through the 70 

Narva River Basin, eels also use rivers to move between lakes of the aforementioned river basin district. The 71 

aims of this study, which is carried out considering these different life cycles of the same species, are; 72 

1. To determine the pollution levels by detecting HM concentrations in the tissues of eel taken from both lakes, 73 

2. To evaluate the effect of two different habitats on metal accumulation in tissues of eels, 74 
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3. To examine the effect of contaminant sources (agricultural, domestic, etc.) and biological factors (height, 75 

weight, etc.) on metal accumulation in tissues of eels, 76 

4. To evaluate the effects of eels with high economic value on human health in two countries with different 77 

consumption habits. 78 

Material and methods 79 

The study area  80 

LV, a shallow large lake (long-term average depth of 2.7 m, maximum depth of 6 m, 34.8 km in length, 81 

14.8 km in width, and 270 km2 in surface area) is located in the center of Estonia (Fig 1). Low depth and large 82 

surface area make LV sensitive to environmental changes. Also, the lake is covered with ice from mid-83 

November to April (Bernotas et al. 2020; Haberman et al. 1998). The main cultivated drainage area exceeds the 84 

lake area by about 12 times. LV has five important inflows and an outflow that discharges into Lake Peipsi via 85 

the Emajõgi River. Due to a limited outflow, changes in water level have large seasonal and year-varying 86 

amplitudes (Nõges et al. 2007). Although LV is used for fishing, recreation and tourism activities, it is also used 87 

for irrigation of cultivable lands below sea level (Haberman et al. 1998). According to the typology of the Water 88 

Framework Directive, VK is a large, calcareous shallow lake and almost all ecological level parameters of the 89 

lake fall into the "good" or "middle" class (Bernotas et al. 2020). 31 fish species live permanently in LV. Eel, 90 

perch (Sander lucioperca), pike (Esox lucius), perch (Perca fluviatilis), and sea bream (Abramis brama) are the 91 

most important commercial species in the lake. Eel production in LV is based entirely on a restocking of glass 92 

eel or elvers. The restocking program started in 1956 and continues to this day, and since 1980, eel stocking has 93 

been carried out annually (Bernotas et al. 2020). LV has its own fisheries district, under which over 50 94 

fishermen/companies operate. The most common fishing gears used are fyke- and gill nets. Fyke net fishing is 95 

allowed around the year while gill nets are only allowed from September until the end of ice-cover period 96 

(Nõges et al. 2018).  97 

LK is located in the south-west of Turkey within the boundaries of Muğla Province.  It lies within 36º 54' 98 

N and 28º 38' E longitude coordinates. It has a 5400 ha surface area and a 14 km long Dalyan canal system 99 

connects LK to the sea with natural water channel (Fig. 1, ArcGIS 10.3) (Bayarı ve Kurttaş 2000). 100 

 101 



4 

 

Fig. 1 The map of the study area 102 

All of the canals and marshy areas connecting LK to the sea are called the Köyceğiz-Dalyan Lagoon 103 

System and the lake forms the main part of this system. It is a meromictic lake with two different layers of water 104 

as oxygen-poor, hydrogen sulfide-scented, salty water in the bottom and oxygen-rich, freshwater at the surface 105 

(Kazancı et al. 2003). The physico-chemical structure of the lake is constantly changing and these changes occur 106 

depending on the activity of groundwater. Groundwater is affected by domestic wastes, fertilization, and 107 

spraying on the agricultural lands in the region. Also, the water quality of all streams flowing into the lake 108 

changes due to various reasons such as precipitation, aridness, and discharge of domestic wastewater to streams 109 

and fertilization and spraying in the region. These pollution factors carried by groundwater and streams directly 110 

interfere with the lake and cause changes in the physico-chemical structure of the lake. However, there is a 111 

pollution pressure due to heavy boat traffic especially during the summer season (Özgül 2014). There are 5 112 

different hydro-chemical water types affecting LK (groundwaters, streams, hot springs, lakes, and seawater). For 113 

this reason, the water of LK is classified in some regions as fresh water, and in some others as salty water, or 114 

brackish water (Gürel 2004). The type of cryogenic meromixis caused by salty and sulfurous water sources on 115 

the lake bottom also affects the current structure of the lake (Türedi 2006). The greatest richness of the Köyceğiz 116 

Dalyan Lagoon System in terms of fauna is mainly mullet, eel, sea bass, sea bream, and carp fish species, and 117 

their production is an important commercial activity for the region. Commercial fishing is done by fishing 118 

cooperative (DALKO), but recreational fishing is also allowed in the lake. 119 

Sample collection   120 

For this study, samples were collected from both lakes in September, 2017 and 2018. Eel samples were 121 

caught using an enclosure fyke net system in LV (Ubl and Dorow 2015). The system consists of 4 corner 122 

chambers (mesh size 10 mm in cod end) connected by 100 m leader nets (height 1.8 m, mesh size 10 mm) 123 

forming a rectangle in the water body. 24 small fyke nets (2 funnels connected with 8 m leaders with mesh size 124 

11 mm in the cod end) are set in chains inside the rectangle. In LK, eel samples were taken by the fishermen of 125 

DALKO with fyke nets consisting of 7 circles whose mouth width narrowed from 40 cm to 15 cm. Fyke nets 126 

were thrown into the water after sunset and eels were caught by pulling before sunrise. 127 

Sample preparation and analysis 128 

A total of 40 eels in LV were collected in 2017 and 2018. The collected eel samples were transported to 129 

the laboratory on the same day. Eel samples were thoroughly washed with milli-Q water (Milli-Pore Co., USA; 130 

resistivity, 18.2 MΩ-cm). Then they were dissected (muscle, liver, gills, skin) and the tissues were stored 131 

immediately at -20 oC. All chemicals were of analytical reagent grade and were provided by Merck (Darmstadt, 132 

Germany). Standard solutions of Cd, Mn, Zn, Pb, and Cu were prepared by making necessary dilutions from 133 

their stock standard solutions: 1000 mgL-1 Cd, Mn, Zn, Pb, and Cu.  134 

The tissues were dried to a constant weight for 48 h at 45 oC. Dried samples were homogenized by 135 

grinding in a porcelain mortar and then stored in a desiccator for metal analysis. 0.2 g dry weight of each 136 

homogenate tissue was transferred into a teflon vessel and then digested using closed-vessel microwave 137 

digestion (CEM, Mars 6) with 9 mL nitric acid (65%) and 1 mL hydrogen peroxide (30%) mixture. The resulting 138 

solutions were diluted to 50 mL with deionized water. Digestion blanks were prepared similarly. The microwave 139 
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was programmed to ramp to 210 oC for 20 min, hold for 15 min, and then cool for 20 min. Cd, Mn, Zn, Pb, and 140 

Cu metals in dissolved fish samples were analyzed by graphite furnace atomic absorption spectrometer (GF-141 

AAS) Agilent GTA 120 (Agilent Technologies Company, USA) with argon gas (99.9999 %). All measurements 142 

for the metals were run in triplicate for the samples and standard solutions and the results were reported as the 143 

mean. Also, the accuracy of the method was checked with standard reference material (DOLT-5 fish liver). 144 

Statistical analysis 145 

To analyze the normality of the data, the Shapiro-Wilk test was applied. To detect the difference in metal 146 

concentration among the countries and tissues of the European eel, non-parametric test Kruskal Wallis and Post 147 

hoc test that using the criterium Fisher’s least significant difference with Bonferroni Correction method were 148 

performed by using Kruskal function with the R package ‘agricolae’ (Mendiburu 2020). Statistical differences 149 

were illustrated on the box plot graphs. In addition, spearman correlation analysis was applied to assess the 150 

statistical assosiations between metal in different organs, fish length and weight. R project 4.0.2 was used for 151 

statistical procedures (R Core Team 2020). 152 

Assessment of metal pollution  153 

The monomial metal pollution index (Pi) was used in this study to evaluate the pollution status of metals 154 

in the eels. Pi was calculated by using the following Eq. 1 (Zhu et al. 2015; Miao et al. 2020):  155 

𝑃𝑖 = 𝐶𝑖 𝐶𝑠𝑖⁄                                                                                                                                                                                   (1) 156 

Where: Pi: monomial metal pollution index; Ci: content of metal in the fish; Csi: threshold value of metal 157 

in the fish. In this study, the tolerable limit values of the Pb and Cd as prescribed by some international 158 

regulatory bodies were used as the threshold values of Pb and Cd (Table 1). 159 

Table 1 The tolerable values of some HMs in fish (mg kg-1) (Kortei et al. 2020) 160 

Organization Cd Pb 
UNEPa 0.3 0.3 

IAEA-407b 0.18 0.12 
TFCc 0.05 0.2 

Directive 2005/78/ECd 0.05 0.2 
FAO/WHOe 0.5 0.5 

a: United Nations Environmental Programme b: International Atomic Energy Agency c: Turkish Food Codes  161 

d: European Commission e:Food and Agriculture Organization/World Health Organization 162 

According to many studies; four classes have been identified for the Pi: Pi < 0.2:  no significant 163 

contamination; 0.2 < Pi < 0.6: minor contamination; 0.6 < Pi < 1: moderate contamination, and Pi > 1:  high 164 

contamination.  In previous studies: the total metal pollution index (MPI) has been used to compare the overall 165 

differences in metal pollution observed among the different wild fish species caught by fishermen (Yang et al. 166 

2013; Miao et. al. 2020).  Metal pollution index was used for eel inhabiting both lakes.  The calculation of MPI 167 

was as follows: 168 

𝑀𝑃𝐼 = (𝐶1 × 𝐶2 … 𝐶𝑛)1 𝑛⁄                                                                                                                                                    (2) 169 
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where Cn is the concentration of metal n in fish. 170 

Health risk estimation 171 

Estimation of daily intake (EDI) 172 

To estimate possible health risks for consumer concerning European eel in LK and LV, the values of EDI, 173 

THQ, and CR were calculated for four different frequencies. In many studies, they are calculated taking into 174 

account the consumption frequencies of seven times a week to estimate health risks for fish. But it can be 175 

assumed that due to its high price, eel is not consumed that often in either Estonia or Turkey. For this reason, 176 

health risk indices were calculated on the assumption of consuming eel once a month. The values of EDI, Target 177 

hazard quotient (THQ), HI, and CR were calculated separately for both child and adult consumers. According to 178 

the data obtained by EPA (2000), the mean body weight of 70 kg, and lifetime of 70 years for adults were 179 

considered while for children these values were 32 kg (EPA 2008), and 7 years respectively. The values of EDI, 180 

THQ, HI, and CR were calculated by using assumptions in the formulas below.  181 

Estimation of daily intake (EDI) 182 

Preliminarily, the prediction of human health hazards stems from the consumption of metals in foodstuffs 183 

(Traina et al. 2019; Ahmed et al. 2019). For this purpose, EDI is evaluated depending on the metal concentration 184 

level in foods and the daily consumption of foods at the same time (Batista et al. 2012; Kosker 2020). The values 185 

of EDI were calculated using the Eq. 3 below (EPA 2000). 186 𝐸𝐷𝐼 = (𝐶𝑀 × 𝐼𝑅𝑑) 𝐵𝑊⁄                                                                                                                                                          (3) 187 

In EDI calculations, CM is the concentration of the metal in muscle (μg g-1 dry weight basis), IRd is the 188 

daily ingestion rate (g day-1) derived from the EUROFISH International Organization (2017) based on European 189 

eel production in Estonia and Turkey. According to these data, consumption of eel in Turkey and Estonia was 190 

calculated as 0.002 gperson-1day-1 and 0.265 g-erson-1day-1, respectively. We estimated for children an IRd equal 191 

to 40% of the IRd for adults (8.10-4 gperson-1day-1 in Turkey, 0.106 g-person-1day-1 in Estonia for children). BW 192 

is the bodyweight of adults and children (adult 70 kg; children 32 kg) (EPA 2008). 193 

Target hazard quotient (THQ) 194 

THQ value is used for the determination of non-carcinogenic risk level of exposure to contaminants. THQ 195 

is defined as the expression of the ratio between the reference dose (RfD) of metals and the exposure rate. THQ 196 

value was calculated using the Eq. 4 below (EPA 2019); 197 𝑇𝐻𝑄 =  [(𝐸𝐹𝑥𝐸𝐷𝑥𝐸𝐷𝐼) (𝑅𝑓𝐷𝑥𝐴𝑇)𝑥10−3⁄                                                                                                                       (4) 198 

In Eq. 4, EF is the exposure frequency (365, days year-1 for people who eat fish seven times a week,  156 199 

days   year-1 for people who eat fish three times a week, 52 days year-1 for people who eat fish once a week, and 200 

12 days year-1 for people who eat fish once a month), ED is the exposure duration (adults 70 years, children 7 201 

years); EDI indicates the estimation of daily intake (equation 3), RfD represents the oral reference dose in μg g-202 

1day-1: Cu=0.03, Zn=0.3, Mn=0.14, Cd=1.10-3, Pb=4.10-3 (EPA, 2019). AT indicates the average time for non-203 
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carcinogens (EF x ED). AT indicates the average time forcarcinogens (365 days year-1x 70).  Although the THQ 204 

does not give information on quantitative health risks for people who are exposed, it indicates the potential 205 

hazard associated with exposure to certain pollutants. The values of THQ higher than 1 indicate a significant 206 

health risk arising from the intake of individual metals through fish consumption, assuming that cooking does 207 

not affect contaminants. 208 

Hazard Index (HI) 209 

Humans are often exposed to multiple pollutants that have combined or interactive effects. When exposed 210 

to different elements, HI is calculated according to the Eq. 5 given below to evaluate the additive effects from 211 

the elements. 212 

 𝐻𝐼 =  ∑ 𝑇𝐻𝑄                                                                                                                                                                           (5)𝑛𝑖      213 

HI values being > 1 refers that consumers may be exposed to possible non-carcinogenic health risk effects. 214 

The lifetime carcinogenic risk (CR) 215 

The lifetime CR identifies an increased probability of cancer in a lifelong period due to exposure to a 216 

major carcinogen. The acceptable limit value for CR exposure is 10−6 to 10−4.  CR values> 10−4 affect (increase) 217 

the possibility of carcinogenic risk. CR was calculated according to the Eq. 6 given below. 218 𝐶𝑅 = (𝐸𝐹𝑥𝐸𝐷𝑥𝐸𝐷𝐼𝑥𝐶𝑆𝐹 𝐴𝑇)𝑥⁄ 10−3                                                                                                                                (6) 219 

In equation 6, CSF represents the oral carcinogenic slope factor from the Integrated Risk Information 220 

System in mg/kg/day: Cd=6.3, Pb=8.5.10-3 (EPA, 2019). The acceptable limit value for CR is 10-5. 221 

Results and discussion 222 

Presence and comparison of the metals found in European eel in two lakes 223 

Many fish species are negatively affected by increasing anthropogenic pressures, climate changes due to 224 

global warming, water pollution, overfhishing and recreational fisheries and habitat degradation (Bernotas et al. 225 

2020; Pannetier et al. 2016; Romero et al. 2020; Lortholarie et al. 2019; Öğlü et al. 2020). Eel, which is a benthic 226 

species and lives in different habitats, is one of such species. Eel is a species with high commercial value and is 227 

widely consumed in Europe and its stocks have been decreasing for the last 30-40 years due to the reasons 228 

mentioned above (Dekker 2016).  Eel consumption in Turkey is low compared to other species; however, eel is 229 

exported since it has a high economic value. Köycegiz-Dalyan Lagoon System is one of the most important 230 

habitats of eel in Turkey. LK, located in the Köyceğiz -Dalyan Lagoon System, is especially salty in the deep 231 

waters and is connected to the Mediterranean by a natural channel system. Therefore, eel can freely move in and 232 

out, thus restocking the eel is not considered in LK. 233 

The concentrations of Cu, Mn, and Zn as micronutrients and Cd and Pb as toxic metals were measured in 234 

the liver, muscle, gill, and skin of eels caught from LK and LV in 2017-2018. The average weight and length of 235 

the measured eels in LK and LV l were 366 ± 113 g, 548 ± 72 mm, and 247 ± 97 g, 505 ± 73 mm, respectively. 236 

While the mean length of the eels in both lakes was close to each other, the weight of the eels taken from LK 237 
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was determined heavier than from LV.  On the other hand, in this study, significant differences were observed 238 

between the average HM concentrations determined for eels caught from LK and LV. The weights of eels have 239 

the potential to affect HM concentrations in their tissues (Pannetier et al. 2016). According to the weight data of 240 

the fish, while the eel tissues in LK are expected to be higher, the results obtained are inverse. The accumulation 241 

of the HM in tissues of eels is thought to be influenced by environmental and other factors in both lakes. While 242 

the eels in LK have also the ability to move between environments with different salinity regimes, the 243 

movements of the eels in LV are restricted. In addition, while the eels in LV have feed in one habitat, the eels in 244 

LK have feed in two different habitats. The accumulation of essential metals (Mn, Cu, and Zn) in eel was found 245 

higher than the accumulation of non-essential metals (Cd and Pb) in both lakes. These results of the study can 246 

also be explained by the fact that essential metals play a role in enzymatic and respiratory processes and have 247 

structural and catalytic roles in many proteins, acting as cofactors in many enzymatic reactions in fish, these 248 

metals play a vital role in lipid, protein, and carbohydrate metabolism (Pouil et al. 2020).  Although many 249 

studies have proven that trace element accumulation in aquatic organisms depends on biological and ecological 250 

factors such as dietary habits and habitat (Henry et al. 2004; Sankar et al. 2006; Kojadinovic et al. 2007; 251 

Dehkordi et al. 2010), the concentration of metals is also affected by factors other than these factors (Maes et al. 252 

2008; Pannetier et al 2016). The concentrations of Zn and Cu in the liver of fish may be associated with 253 

metallothionine synthesis and may not be associated with the metal concentrations in the fish's habitat (Batty et 254 

al. 1996). Non-essential metals such as Cd and Pb do not have any role to play in fish metabolism and they are 255 

not regulated by the organism of fish (Aytekin et al. 2019). 256 

Fish take up HMs by way of the food chain and water containing dissolved HMs (Pierron et al., 2008). 257 

Therefore, they can accumulate metals in different tissues with biochemical processes. In many studies, the 258 

tissues with the highest metal accumulation in fish have been determined as liver and kidneys (Pannetier et al. 259 

2016; Genç and Yılmaz 2017; Eira et al. 2009). As a result of the enrichment of HMs in the tissues, negative 260 

effects on human health can be observed after consuming contaminated fish (Aytekin et al. 2019; Miao et al. 261 

2020). The liver and gills which are inconsumable by humans are metabolically active tissues and they have a 262 

high level of HM accumulation. In this study, the concentration orders of HMs in the tissues of the eels were 263 

generally found to be liver > gills > skin > muscle in both lakes, and the highest HM concentrations were 264 

detected in the liver and the lowest concentrations in the muscle (Table 2). These results are found similar to the 265 

previous studies. The acuumulation of Zn in all tissues of eels except liver was determined as the highest while 266 

the accumulation of Cd and Pb in all tissues of eels was found as the least.  267 

Table 2 Average concentrations of HMs (mean±SD μg g-1 dry wt) in the tissues 268 

Metals Tissues Lake Köyceğiz Lake Võrtsjärv 

Mn 

Muscle 0.47±0.19 2.66±1.90 
Liver 5.57±3.10 4.31±3.37 
Skin 3.08±1.26 4.78±1.71 
Gill 4.45±0.86 4.39±3.35 

Cd 

Muscle 0.06±0.05 0.09±0.06 
Liver 0.40±0.28 0.19±0.09 
Skin 0.28±0.18 0.21±0.18 
Gill 0.28±0.21 0.12±0.07 

Zn 

Muscle 2.96±0.66 3.94±2.52 
Liver 7.34±4.48 7.81±5.68 
Skin 4.13±1.44 5.14±3.38 
Gill 4.65±1.84 8.57±6.60 

Pb Muscle 0.24±0.05 0.82±0.50 
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Liver 0.28±0.10 0.85±0.64 
Skin 0.13±0.08 0.61±0.32 
Gill 0.33±0.19 0.85±1.14 

Cu 

Muscle 1.75±0.73 0.97±0.60 
Liver 15.23±1.45 13.35±4.87 
Skin 2.06±0.70 1.88±1.45 
Gill 3.10±0.88 2.37±0.46 

A significant difference was found between the concentrations of Cd, Cu, and Pb in all tissues of eel in 269 

both lakes (Fig. 2). On the other hand, it was determined that Mn concentrations showed a significant difference 270 

between the two lakes in the liver and skin, but not in gill and muscle tissues (p>0.05). However, it was 271 

determined that the concentration of Zn in all tissues did not show a significant difference between the two lakes.  272 

 273 

Fig 2.  Boxplot comparison of HM concentrations in tissues of the eel  274 

The dark line within the box indicates the 50th percentile of the data. Whiskers are indicating maximum 275 

and minimum data points (excluding outliers). Letters (a, b) are indicating the comparison between the two lakes 276 

within the same tissue. The highest HM concentrations were detected in the liver and the lowest HM 277 

concentrations in the muscle of eels from both lakes. The highest concentration of Zn was measured in muscle, 278 

skin, and gill, and the highest Cu in the liver (Table 3). The liver is one of the organs that represent the main sites 279 

of metal storage and detoxification (Pannetier et al. 2016). Several studies have shown that liver HM 280 

concentration is high compared to muscle tissue (Pannetier et al. 2016; Aytekin et al. 2019; Miao et al. 2020). 281 

Table 3 shows the distribution of HM concentrations in tissues of the eels determined in both lakes.  282 

Table 3 Ranking of HM concentrations in tissues of the eel 283 

Tissues Lake Köyceğiz Lake Võrtsjärv 

Gill Liver Muscle Skin

0
2

4
6

8
1
0

1
2

1
4

Tissue

M
n

Estonia Turkey

a

a

b

a

a

a

a

b

Gill Liver Muscle Skin

0
.0

0
.2

0
.4

0
.6

0
.8

Tissue

C
d

Estonia Turkey

b

a

b

a

b a

b

a

Gill Liver Muscle Skin
0

5
1
0

1
5

2
0

2
5

Tissue

Z
n

Estonia Turkeya

a

a

a

a

a

a

a

Gill Liver Muscle Skin

0
.0

0
.5

1
.0

1
.5

Tissue

P
b

Estonia Turkey

a

b

a

b

a

b

a

b

Gill Liver Muscle Skin

0
5

1
0

1
5

2
0

2
5

Tissue

C
u

Estonia Turkey

b
a

b

a

b

a
b a
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Muscle Zn >Cu> Mn> Pb > Cd Zn >Mn>Cu>Pb >Cd 

Liver  Cu> Zn> Mn> Cd >Pb Cu>Zn>Mn>Pb> Cd 

Skin Zn> Mn> Cu> Cd >Pb Zn> Mn> Cu> Pb>Cd 

Gill Zn> Mn> Cu> Pb >Cd Zn>Mn> Cu> Pb >Cd 

The concentrations of Cu in the liver of eel were measured higher than the other metals in both lakes. On 284 

the other hand, the mean Cu concentrations in all the tissues of eels in LK were found higher than the 285 

concentrations in LV. Many studies have shown that the high concentration of Cu in fish is due to agricultural 286 

activities (Pannetier et al. 2016).  The results of this study may show that there is agricultural contamination in 287 

LK.  288 

The concentrations of Zn in all tissue of eel samples in both lakes were measured the highest, except the 289 

liver. Many previous studies have found similar results of Zn concentration in different fish species in many 290 

different geographies (Topçuoğlu et al. 2002; Sekhar et al. 2004; Sivaperumal et al. 2007; Kojadinovic et al. 291 

2007; Mata et al. 2020). Zn may enter the studied lakes through agriculture or various industries however the 292 

rather low Zn concentrations observed in the livers of collected eels indicate low presence of Zn in both water 293 

bodies. 294 

Mn is an essential micronutrient for fish, but it can be a very toxic metal for fish at concentrations above 295 

the optimum threshold level. However, it is an element that has not been investigated sufficiently in aquatic 296 

ecosystems. The Mn concentration range that causes toxicity depends on the fish species, life cycle, and the 297 

water quality of the environment (Vieira et al. 2012).  In this study, the concentrations of Mn in muscle and skin 298 

tissues of eel in LV were higher than in LK, the average Mn concentrations in the gill tissue of eel were the same 299 

in both lakes, and the concentrations of Mn in the liver tissue of eel in LK were found higher than in LV (Table 300 

2). The reason for these differences for Mn is thought to be the physiology of the fish and the conditions of the 301 

environment in which the eels live. It is stated that salinity in aquatic ecosystems is one of the most important 302 

factors affecting the accumulation of metals such as Cd, Zn, and Mn in fish (Pouil et al. 2020; Nebel et al. 2013, 303 

Neto et al. 2011). It could be that the difference in salinity in both lakes (salinity, LK>LV) affects the Mn 304 

accumulation in the tissues of eel. It has been determined that the accumulation of Mn concentration in turbot 305 

(Scophthalmus maximus) decreases with increasing salinity (Pouil et al. 2020). 306 

Bioaccumulation of toxic metals in eels has a significant impact on its physiology. The high toxic metals 307 

such as Cd, Pb, and Hg can impair the immune, reproductive, nervous, and endocrine systems, thus negatively 308 

affecting cellular and organ functions at the individual and even population level (Romero et al. 2020; Claveau et 309 

al. 2015; Pierron et al. 2008; Riberio et al. 2005).  The concentrations of Cd in the liver, gill, and skin tissues of 310 

eel from both lakes were measured approximately 10 times higher than the concentrations of Cd in the muscle 311 

(Table 2). Generally, the concentrations of Cd in European eels were observed higher in liver and kidney than 312 

other tissues (Lanceleur et al. 2011). Also, the average Pb concentrations in all the tissues of eels in LV were 313 

measured higher than the average Pb concentrations in LK. In both lakes, lead Pb accumulation was determined 314 

smallest in the skin (Table 2). In eels, the accumulation of Pb in tissues can be increased both by its association 315 

with detoxified subcellular fractions such as granules and heat-resistant proteins and by the presence of metal-316 

sensitive fraction-containing contaminants (such as organometallic compounds) in the aquatic environment. The 317 
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differences of the bioaccumulation of toxic metals in fish muscle tissues is due to several factors such as feeding 318 

habits, environmental conditions, habitats, exposure time and trophic levels, as well as fish body length, weight, 319 

age, phenotypic differences, gender, physiological conditions, developmental stage, metabolism (Jia et al. 2017; 320 

Carrasco et al. 2011; Mata et al. 2020). In this study, the difference in Pb concentration determined in the 321 

muscles of eels in both lakes is thought to be caused by environmental conditions and feeding habits. 322 

The relationship between metal concentrations in tissues and height and weight of eel  323 

Spearman correlation matrix is given in Table 4. A strong negative correlation between length and weight values 324 

and concentration of Zn, Mn, and Pb in all tissues, a positive correlation with concentration of Cd in all tissues, 325 

especially a strong positive correlation with Cd concentrations in gills and skin were determined. Weak 326 

correlations were found between Cu concentrations in different tissues and length and weight. Besides, it was 327 

found that there was a positive correlation between the concentrations of Zn and Pb in all tissues, but a negative 328 

correlation with the Cd concentrations. A positive correlation was found between concentrations of Cd in tissues. 329 

It was found that Zn and Mn were also positively correlated with each other. It was found that there were no 330 

significant correlations between the concentrations of Cu in tissues and the concentrations of other metals in 331 

tissues. It has been suggested that relationships between weight-length and metal concentrations in the fish 332 

tissues are mostly positive (Pannetier et al. 2016). Cd concentrations in the liver tissue of eel were positively 333 

correlated with eel length (Pierron et al. 2008). Also, the length and weight of eels were positively correlated 334 

with the Zn concentration in muscle tissue of eel and negatively correlated with the concentrations of Cd, Cu, Pb, 335 

Hg, and As in muscle tissue of eel (Juszczak and Robak 2015). However, the fact that such variable relationships 336 

have been identified between the concentrations of HMs in eel tissues and their physical properties indicates that 337 

there is not always a strong relationship between the size of the fish and the concentrations of HMs deposited in 338 

their tissues. This variable relationship shows that except for the physical properties, metal accumulation is 339 

significantly dependent on the habitat, the eel's complex life cycle, pollutant sources, and biochemical processes. 340 

However, the studies showing that the reason for this variable relationship depends on the metabolic activity of 341 

the species should also be taken into consideration. Even in these studies, it is claimed that metabolic activity is 342 

generally higher in young fish than in old fish (Live and Horse 2003; Farkas et al. 2003).  343 

Table 4 Spearman correlation coefficients between HM concentrations in tissues and height and weight of eel  344 

 
L W 

Mn 
G 

Cd 
G 

Zn 
G 

Pb 
G 

Cu 
G 

Mn 
L 

Cd 
L 

Zn 
L 

Pb 
L 

Cu 
L 

Mn 
M 

Cd 
M 

Zn 
M 

Pb 
M 

Cu 
M 

Mn 
S 

Cd 
S 

Zn 
S 

Pb 
S 

Cu 
S 

L 1* 
                     

W 0.79 1 
                    

Mn G 0.36 0.21 1 
                   

Cd G 0.57 0.66 0.30 1 
                  

Zn G 0.62 0.59 0.61 0.58 1 
                 

Pb G 0.16 0.30 0.02 0.00 0.17 1 
                

Cu G 0.06 0.18 0.12 0.24 0.06 0.14 1 
               

Mn L 0.37 0.17 0.58 0.35 0.61 0.24 0.08 1 
              

Cd L 0.42 0.48 0.08 0.46 0.32 0.14 0.17 0.04 1 
             

Zn L 0.58 0.47 0.56 0.48 0.90 0.13 0.07 0.66 0.21 1 
            

Pb L 0.41 0.51 0.10 0.40 0.29 0.44 0.34 0.14 0.50 0.17 1 
           

Cu L 0.33 0.25 0.33 0.09 0.61 0.12 0.04 0.49 0.18 0.61 0.03 1 
          

Mn M 0.65 0.56 0.48 0.65 0.70 0.04 0.03 0.54 0.31 0.67 0.24 0.30 1 
         

Cd M 0.22 0.36 0.22 0.22 0.38 0.33 0.19 0.13 0.23 0.35 0.32 0.33 0.39 1 
        

Zn M 0.63 0.56 0.62 0.56 0.92 0.10 0.08 0.62 0.28 0.89 0.25 0.59 0.67 0.35 1 
       

Pb M 0.65 0.64 0.50 0.73 0.91 0.14 0.07 0.58 0.46 0.85 0.43 0.49 0.71 0.39 0.88 1 
      

Cu M 0.13 0.27 0.20 0.29 0.01 0.29 0.29 0.24 0.30 0.05 0.53 0.21 0.02 0.18 0.02 0.15 1 
     

Mn S 0.05 0.15 0.02 0.08 0.02 0.43 0.17 0.31 0.22 0.06 0.28 0.03 0.09 0.26 0.05 0.00 0.26 1 
    

Cd S 0.55 0.63 0.28 0.73 0.63 0.18 0.24 0.34 0.52 0.58 0.53 0.19 0.59 0.35 0.58 0.75 0.32 0.00 1 
   

Zn S 0.58 0.50 0.59 0.55 0.90 0.14 0.05 0.57 0.26 0.86 0.27 0.56 0.72 0.37 0.87 0.85 0.00 0.03 0.59 1 
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Pb S 0.68 0.63 0.51 0.73 0.90 0.14 0.07 0.54 0.44 0.85 0.43 0.46 0.73 0.33 0.86 0.96 0.14 0.03 0.74 0.85 1 
 

Cu S 0.17 0.19 0.00 0.28 0.25 0.17 0.17 0.06 0.39 0.25 0.28 0.13 0.11 0.24 0.25 0.34 0.19 0.10 0.32 0.17 0.34 1 
*: The blue color represents the positive, the red color represents the negative correlation, and the color intensity represents the degree of 345 

correlation. 346 

The degree of metal contamination 347 

The Pi was calculated by metal concentrations of eel for the assessment of metal pollution in LK and LV; 348 

the corresponding results have been shown in Table 5. To calculate the Pi, the tolerable limit values of the Pb and 349 

Cd as prescribed by some international regulatory bodies were used. According to the tolerable limit values 350 

proposed by TFC, Directive 2005/78/EC, UNEP, IAEA-407 and FAO/WHO, the PCd in both lakes was 351 

determined as high contamination, high contamination, minor contamination, minor contamination, and no 352 

significant contamination, respectively. However, the PPb was found to be at different levels in both lakes. 353 

According to the tolerable limit values proposed by all the international regulatory bodies, the PPb in LV was 354 

found to be at high contamination. However, in LK, the PPb was found as high contamination according to FC, 355 

Directive 2005/78 / EC and IAEA-407, moderate contamination according to UNEP, and minor contamination 356 

according to FAO/WHO.   357 

Table 5 The Pi values of Cd and Pb 358 

Index Location 

International Regulatory Bodies 

UNEP IAEA-407 TFC 
Directive 

2005/78/EC 
FAO/WHO 

PCd 
L. Võrtsjärv 0.22 0.36 1.32 1.32 0.13 

L. Köyceğiz 0.21 0.34 1,24 1.24 0.12 

PPb 
L. Võrtsjärv 2.74 6.86 4.12 4.12 1.65 

L. Köyceğiz 0.79 1.97 1.18 1.18 0.47 

MPI 
L. Võrtsjärv 0.211     

L. Köyceğiz 0.203     

The MPI was used to compare the total metals accumulation level in the muscle of eels of both countries. 359 

MPI can be included in complex freshwater monitoring programs as it can produce some additional information 360 

about metal bioavailability, bio-concentration, and metal penetration into the environment. The MPI is a reliable 361 

and sensitive method for monitoring metal contamination in food samples (Zakir et al. 2019). In this study, the 362 

MPI value in LV was found to be slightly higher than the MPI value in LK. This result may indicate that there is 363 

slightly more metal contamination in LV than in LK. 364 

Potential risks on human health 365 

Metal concentrations in muscle 366 

Since the most important accumulation mechanism of HMs is the food chain, there are many studies in 367 

the literature regarding the measurement of HM concentrations in the muscle tissues of fish (Table 6).  368 

Especially the detection of toxic metals whose limit values have been determined in the national and 369 

international codec is very important in terms of species that are connected by food chains. In this study, Cd and 370 

Pb concentrations in the muscle tissue of eel, which is consumed a lot in Europe, were determined and compared 371 
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with the limit values and the results obtained from other studies (Table 6). All values measured in this study 372 

were found as dry weight. The limit recommended values of the FAO / WHO, national and intrenational codec 373 

were given in wet weight. Since the wet / dry weight ratio used for the conversions was determined for muscle as 374 

3 (Urena et al. 2007), one-third of the values obtained in this study were compared with the limit recommended 375 

values. When the measured values were converted into wet weight, it was determined that only the the average 376 

concentrations of Pb in muscle of eels in LV slightly exceeded the limit recommended values of IAEA-407, TFC 377 

and Directive 2005/78 / EC.  In many previous studies in different countries, very different values of Pb levels in 378 

many fish species were determined. Most of these values exceed the permissible limits set by the European 379 

Commissions and FAO (Sonkar et al. 2006; Sen et al. 2011; Mata et al. 2020; Akter et al. 2020).  380 

According to Genç and Yılmaz (2017), the concentrations of Pb and Cd in musscle of eel samples in 381 

Köyceğiz Dalyan Lagoon were found approximately four times higher than the values obtained in this study 382 

(Table 6). Eel samples were collected in 2010-2011 in the study of Genç and Yılmaz (2017). So, the sampling 383 

was done 8 years before this study. For nearly ten years, the Turkish government has taken very serious 384 

preventions such as regulation of boat traffic, control of bilge water, improvement of waste water treatment 385 

facilities and continuous water quality monitoring programs against environmental pollution in the Köyceğiz 386 

region, which has been declared an environmental protection zone. 387 

Table 6 Comparison of Pb and Cd concentrations in eel samples with literature and guidelines values (µg g-1) 388 

Location  Pb Cd Ref 
River Turia   0.1018 0.0049 Bordajandi et al.2003 

River Gediz  0.0032 ±0.003 1.2067±1.278 Yıldız et al., 2010 

Atlantic coasts  0.03 to 0.09 0.015 to 0.050 Usero et al.,2003 

Camargue1 0.21 to 0.79 nd Oliveire Riberio et al., 2005 

Flanders  0.038 to 0.053 0.002 to 0.019 Maes et al., 2005 

Köyceğiz Dalyan Lagoon 1 1.07±0.11 0.22±0.03 Genç and Yılmaz, 2017 

North Luxembourg  0.034 to 0.050 0.021 to 0.064 Boscher et al., 2010 

Lake Albufera 0.02–0.30 <0.02 Urena et al.,2007 

Mar Menor Lagoon 0.299 ±0.051 0.006 ±0.003 Romero et al., 2020 

Lake Köyceğiz1 0.24±0.05 0.06±0.05 Our Study 

Lake Võrtsjärv1 0.82±0.50 0.09±0.06 Our Study 

UNEP 0.3 0.3 UNEP 

IAEA-407 0.18 0.12 IAEA-407 

TFC 0.1 0.3 TFC 

Directive 2005/78/EC 0.1 0.3 Directive 2005/78/EC 

FAO/WHO 0.5 0.5 FAO/WHO 

1: dry weight. Ratio wet to dry weight used for transformations muscle=3 (Urena et al. 2007). 389 

Health risk assessment 390 

As fish is a vital source of nutrients, the accumulation of HMs in muscle tissue is of great importance 391 

from human health perspective. HM concentrations in the muscle tissue of eels from both lakes were measured 392 
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to evaluate the health risks of eel consumption for adults and children. The daily consumption of HMs was 393 

evaluated based on the HM concentrations in the muscle tissue of eels caught. Consumption rate limit values are 394 

given in Table 7. The mean EDIs of the HMs were higher in the eels from LV than those from LK. EDI values 395 

are calculated to measure both significant non-carcinogenic risk (THQ) and carcinogenic risk (CR) due to the 396 

intake of targeted HMs in the aquatic products (Liu et al. 2018; Keshavarzi et al. 2018; Ahmed et al. 2019). It 397 

was determined that the EDI values obtained for the eel in the selected lakes in both countries were very 398 

different. The values obtained from LV were higher than the values obtained from LK. Approximately, it was 399 

found that Mn values were 1000 times, Pb values were 500 times, Zn values were 200 times and Cd and Cu 400 

values were 100 times higher. The estimated daily intake value of Pb for eels in LV exceeds the acceptable limit 401 

value. The maximum daily intake was in the order of Zn>Mn>Cu>Pb>Cd in the eel from LK. However, the EDI 402 

follows the order of Mn>Zn>Cu>Pb>Cd in eel from LV. 403 

Table 7 The EDI and ADI recorded for the different HMs detected in the eel (unit μgkg-1 bw day-1 for EDI) 404 

 Lake Köyceğiz  Lake Võrtsjärv  
ADIa (unit μg kg-1 bw day-1) 

Adult Children Adult Children 

Mn 0.013 0.012 10.05 8.798             140 (EPA 2018) 

Cd 0.002 0.002 0.322 0.282 0.8 (JECFAb 2011) 

Zn 0.085 0.074 14.92 13.05 300 (JECFA 1982) 

Pb 0.007 0.006 3.119 2.730 1.50 (EFSAc 2010) 

Cu 0.050 0.044 3.687 3.226 500 (JECFA 1982) 

 a: Acceptable daily intake, b: Joint FAO/WHO Expert Committee on Food Additives, c: European Food Safety Authority 405 

The target hazard quotient (THQ) of the eel samples in LK and LV for adult and children were calculated 406 

for each HM.  The acceptable limit value for THQ recommended by EPA (2011) is 1. THQ < 1 indicates that the 407 

exposure level is below the reference dose, and exposure to pollutants defines that there would be no adverse 408 

effects for lifetime consumption (Ahmed et al. 2019). The THQ values obtained for the European eels caught in 409 

both lakes was found to be below 1 for both adults and children for each HM. It is important to evaluate the 410 

Hazard Index (HI) which is taking into account multiple metals. If the HI value is greater than 1, it means that 411 

there is a health risk for consumers (Liu et al. 2018; Ahmed et al. 2019). The values of HI in this study have not 412 

exceeded the recommended limit, stating that consumers (adults and children) would not experience non-413 

carcinogenic health effects for European eel consumption (Table 8).  As a result, no risk is observed in 414 

developing chronic general effects due to the consumption of the eel in both lakes for each HM. Likewise, the 415 

muscle values in the HI index, which show the collective effects of all metals, are also below the acceptable 416 

limit.  Even if this fish is consumed seven times a week, non-carcinogenic health effects risk values for human 417 

health caused by HM won’t occur. However, the highest HI value was found in VK for adults and children 418 

(Table 8). The values obtained in this study are compatible with some studies for different fish species in 419 

different places (Miri et al. 2017; Hwang et al. 2017; Kwaansa-Ansah et al. 2019). 420 

Table 8 HI values in Turkey and Estonia           421 

Country 
Exposure  
frequency 

HI 

Adult Child 

Estonia 7 TW 1.34E-03 1.17E-03 
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3 TW 5.61E-04 4.90E-04 

1 TW 1.92E-04 1.68E-04 

1 TM 4.43E-05 3.87E-05 

Turkey 

7 TW 5.50E-06 4.81E-06 

3 TW 2.29E-06 2.01E-06 

1 TW 7.84E-07 6.86E-07 

1 TM 1.81E-07 1.58E-07 

 422 

Carcinogenic risk (CR) 423 

CR of Pb and Cd were calculated and presented in Table 9. CR values above 10-6 are generally considered 424 

unacceptable, CR values below 10-6 are considered insignificant, and CR values between 10-4 and 10-6 are 425 

considered acceptable carcinogenic risks (EPA 2010). The values of CR for Pb were calculated lower than the 426 

limit values in both lakes. In the study, all CR exposures in LK are negligible. However, the CR value of Cd in 427 

VK is not below the negligible limit for both adults and children. If the eel is consumed every day of the week, it 428 

is very close to the danger limits. However, it is a known fact that eel is not consumed every day of the week. 429 

For this reason, the values obtained in the study are below the hazard limits.  430 

Table 9 CR values for Cd and Pb 431 

Country 
Exposure  

frequency 

Metals 

Cd Pb 

Adult Child Adult Child 

Estonia 

7 TWa 2.02E-06 1.77E-06 2.65E-08 2.32E-08 

3 TW 8.40E-07 7.40E-07 1.10E-08 9.70E-09 

1 TW 2.90E-07 2.50E-07 3.80E-09 3.30E-09 

1 TMb 6.70E-08 5.80E-08 8.70E-10 7.60E-10 

Turkey 

7 TW 1.10E-08 9.76E-09 5.75E-11 5.03E-11 

3 TW 4.60E-09 4.10E-09 2.40E-11 2.10E-11 

1 TW 1.60E-09 1.40E-09 8.20E-12 7.20E-12 

1 TM 8.20E-12 3.20E-10 1.90E-12 1.70E-12 

a: Times a week  432 

a: Times a month 433 

Conclusion 434 

Accumulation of HM concentrations in the tissues of eels in two different countries and regions with two 435 

different climates and habitats were compared in this study. While the eels in LV are restocked and spend most 436 

of their life in freshwater, eels in LK can move between salty waters and freshwaters. This study was the first to 437 

compare the metal contamination of eels in two different conditions described above. The following results were 438 

obtained in the study. 439 

 Metal pollution indexes in eels from LV were higher than metal pollution indexes obtained from LK.  440 
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 Although it was determined that there would be no health risks for eel consumers in both lakes, HI and CR 441 

values in LV were found higher than in LK.  442 

   While the Pb concentration in eel tissues is high in lake A, the concentration of Cu in lake K is high. 443 

These results may indicate domestic origin contamination in LV and agricultural contamination in LK. 444 

 It was determined that the concentrations of the metals except Zn were different from each other in the 445 

tissues of eel taken from the two lakes with completely different ecological structures. 446 

 High positive and negative correlations were found between metal concentrations and fish length and weight. 447 
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Figures

Figure 1

The map of the study area Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Boxplot comparison of HM concentrations in tissues of the eel


