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Distribution and Relationships of Eleven Trace Elements in Muscle of Six 

Fish Species from Skadar Lake (Montenegro) 

Introduction 
 

Among the various pollutants, trace metals and 

metallo ids, if occurring in  higher concentrations, can 

become severe poisons for all liv ing organis ms due to 

their high persistence, toxicity and tendency to 

accumulate in water and especially in  sediment 

(Förstner & Wittmann, 1981; Maceda-Veiga, 

Monroy, Navarro, Viscor, & de Sostoa, 2013). Since 

heavy metals are non-biodegradable, they can be 

accumulated by various aquatic organisms includ ing 

fish. There are two main routes of trace elements 

uptake for fish: aqueous uptake by the gills (and to a 

lesser extent by skin) and dietary uptake by ingestion 

of contaminated food (Wood, Farell, & Brauner, 

2011; Kamunde & MacPhail, 2011). Being the top 

predators in aquatic food chains, fish have been 

widely used as bioindicators of metal pollut ion 

(Dorea, 2008; Has-Schon et al., 2008;  Matasin, 

Ivanusic, Orescanin, Nejedli, & Gaiger, 2011;  Noel et  

al, 2013;  Küpeli, Altundağ, & İmamoğlu 2014;  

Ahmad & Sarah, 2015). Although trace elements 

accumulate in  different fish organs (liver, kidney, 

muscle, gills), fish muscle is the most frequently used 

tissue for the analysis because it is the main ed ible 

part of the fish.  

The aim of this study was to determine the 

accumulat ion level of eleven selected trace elements 

(Zn, Cu, Fe, Mn, Cr, Co, Ni, Hg, Pb, Cd  and As) as 

well as the main  chemical constituents in the muscle 

of six fish species from Skadar Lake, with different 

feeding habits (European eel, bleak, co mmon carp, 

rudd, roach and perch). We also examined  the 

dependence of metal concentration on age and 

biometric characteristics of fish (size, weight and 

condition factor) as well as correlation among 

different trace metals and among trace metals and the 

main chemical constituents in fish muscle. There are 

only two previous studies (Filipovic, Vukovic, & 

Knezevic, 1980; 1981) of trace metals in fish from 

Skadar Lake. These investigations comprised only 

four metals (Fe, Cu, Cr and Cd) in muscle of three 

fish species (common carp, bleak and rudd) and gave 

only data about metals concentrations. Thus, this is 

the first investigation of trace elements in fish from 

Skadar Lake after gap of more than 30 years and 

majority of the trace elements selected for this study, 

were analyzed for the very first time. Having in mind 

that Skadar Lake lies on a border of two countries 

(Montenegro and Albania) and that fishery is one of 

the main sources of income and food for majority of 

local inhabitants in both countries (CEED, 2007), we 
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Abstract 

 

Concentrations of eleven trace elements (Zn, Mn, Cu, Fe, Cr, Ni, Co, Hg, Pb, Cd and As) as well as the principal 

components of fish flesh (water%, dry matter%, fat%, protein%, ash% and Ca and Mg concentration) were determined in 
muscles of six fish species (Scardinus knezevici, Alburnus scoranza, Cyprinus carpio, Rutilus prespensis, Anguilla anguilla  

and Perca fluviatilis) collected from Skadar Lake in 2016. This study, being the first of its kind in fish from Montenegrin 

lakes, gave the following overall ranking of the investigated elements in fish muscle: Zn > Fe > Mn > Cu > Hg > Cr > As > Ni 

> Pb > Cd. Several significant inter-metal correlations were observed, while significant relationships between metal 

concentrations and fish age and size were established predominantly for essential elements. Significant inter-species 
differences in accumulation of analyzed trace elements were confirmed for Zn, Mn, Fe and As. The total metal accumulation 

was the highest in roach and the lowest in perch, while European eel was found to accumulate more arsenic than other fish 

species. The consumption of fish from Skadar Lake doesn’t pose a risk to human health. 

 

Keywords: Bioaccumulation, heavy metals, fish muscle, pollution, Skadar Lake.   
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found important to assess whether there is potential 

human health risk due to the consumption of fish from 

this lake.  

 

Materials and Methods 
 

Study Area 

 

Skadar Lake is situated on the border of 

Montenegro and Albania (two thirds of the lake 

belongs to Montenegro, one third belongs to Albania).  

With the surface area that fluctuates seasonally from 

approximately 370 to 540 km
2
, Skadar Lake is the 

largest lake on Balkan Peninsula (Figure 1) with the 

mean depth of 5 m (Beeton, 1981). The main tributary 

is Moraca River, which provides more than 60% of 

the lake water. The outlet river-Bojana creates 

connection between the lake and Adriatic Sea. The 

Montenegrin part of the lake was declared  a national 

park in 1983. and included in the Ramsar list of 

wetlands of international importance in 1996. 

However, lake tributary Moraca River (the main  

recipient of communal and industrial wastewater from 

capitol Podgorica), run-off from Zeta valley (the main  

agricultural area of Montenegro) and groundwater 

contaminated by wastewater from the surrounding 

settlements are the potential sources of Skadar Lake 

pollution (e.g. artificial fertilizers, p rotective agents, 

heavy metals from industrial wastewater etc) 

(ROYAL HASKONING, 2006).   

The lake represents one of the mos t important 

centers of biodiversity for Western Balkan and South-

Eastern Europe with more than 100 species of water 

birds (Vizi, 1981) and 50 fish species (Maric & 

Milosevic, 2011). Fish are the lake’s most significant 

natural resource in terms of contribution to the local 

economies. Annual catch in Skadar Lake is 520 tones 

of fish, mainly Cyprinus carpio and Alburnus 

scoranza (CETI & APAWA, 2007). Beside these two 

commercially most important species, our 

investigation included Rutilus prespensis (the 

endemic species of Skadar Lake and Prespa Lake), 

Scardinius knezevici (the endemic species of Skadar-

Ohrid -Drim system), Perca fluviatilis (the most 

abundant alochtonous species introduced to the lake 

in late 80-s) and migratory fish Anguilla anguilla. 

Furthermore, these fish species were selected for 

research because of the different ecological features, 

primarily different feeding habits (Table 1). 

 

Sampling and Chemical Analyses 

 

The field work was conducted in April 2016. at  

locality Radus (common place for commercial 

fishing). Fish were collected with mult i mesh gillnet 

and fyke net (255 indiv iduals in  total) and the body-

wet weight (g) and the total body length (cm) of each  

fish specimen were measured. For each analyzed  

species, samples were d ivided into size categories that 

consisted of a 4 − 50 specimens of the same fish 

species, depending on fish size. Only  in  case of a very  

large specimen (e.g. carp) one fish represented one 

size category. The fish age for bleak, rudd, carp, roach 

and perch was determined by examining the scales 

according to Lagler (1952). The condition factor (CF) 

was calculated according to the following equation 

(Lombardi, Peri, & Verrengia Guerrero, 2010): CF = 

Wt/L
3
 x 100 (Wt is the total weight of the fish in  

grams and L is the total length in cm). 

Tissue samples of the dorsal muscle were taken, 

than milled using an electric grinder and stored in air 

tight polyethylene bottles at -18 °C until chemical 

analyses. All chemical analyses were performed in  

laboratory of Center for Eco-toxicological Research 

(CETI, Podgorica). The chemical composition of fish 

muscle was determined according to AOAC (1997). 

Dry matter content was determined by drying the 

samples to a constant weight at 105°C (AOAC 

952.08). Ash content was quantified using 

incineration in a muffle furnace at  550 °C for 24 h  

(AOAC 938.08). Total fat content was determined by 

Soxhlet extract ion method for 6 h (AOAC 948.15), 

while crude protein content was determined by 

Kjeldahl method (AOAC 981.10). Three parallel 

determinations were carried out for each parameter. 

For elements analyses, each fresh fish sample 

(500 mg ± 0.1 mg) was weighted and digested using 

closed microwave assisted digestion (Berghof MWS-

4, Germany) with 5 cm
3
 of nitric acid (≥69%, puriss. 

p.a., Sigma Aldrich) and 2 cm
3
 of hydrogen peroxide 

(≥30%, for trace analyses, Sigma Aldrich). Digested 

samples were filtered and transferred in volumetric 

flasks by adding deionised water (MEST EN 13804, 

14084). Blanks with no fish tissue were run with each  

batch of samples to resolve potential contamination of 

reagents used in digestion. All analyses were carried  

out in triplicates. Working standards for 

measurements of elements were prepared from Sigma 

Aldrich solutions of 1000 mg dm
-3

 each. For analyses 

of Fe (248.3 nm), Mn (279.5 nm), Zn (213.9 nm) and 

Cu (324.8 nm), flame atomic absorption 

spectrophotometry was used on Shimadzu AA-6800 

(Japan) and for analyses of Pb (220.3 nm), Cd (228.8 

nm), As (189.0 nm), Co (228.6 nm), Ni (231.6 n m), 

Cr (267.7 nm), Ca (315.9 nm) and Mg (285.2 nm) 

ICP-OES Thermo iCAP 6300 (UK) was used. 

Mercury content was determined using Advanced 

Mercury Analyser (AMA-254, Lecco). 

Concentrations of analyzed trace elements were 

expressed on a wet weight basis, as mg kg
-1

. The 

limits of quantification (LOQ) were: 0.1 mg kg
-1

 for 

Pb; 0.01 mg kg
-1

 for Cd; 0.06 mg kg
-1 

for As; 0.025 

mg kg
-1 

for Co  and Cr; 0.02 mg kg
-1 

for Ni; 0.2 mg kg
-

1
 for Fe, Mn, Cu and Zn; 0.001 mg kg

-1
 for Hg; and 5 

mg kg
-1

 for Ca and Mg. The reliab ility of the 

analytical method was evaluated using Certified  

Standard Reference Material IAEA-407. The recovery 

rates were in the range of 95-104% compared to the 

certified values. For some samples, concentrations 

were below the limits of quantificat ion (LOQ). In  
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such cases, in order to calculate mean concentrations, 

values bellow LOQ were replaced by half of the LOQ 

(GEMS/Food, 1995).  

 

Statistical Analyses 

 

Since the data did not show a normal distribution  

(Kolmogorov-Smirnov test) and the examined groups 

were of unequal size, in order to test the differences in  

concentration of trace elements between different fish 

species, the non-parametric Kruskal-Wallis test was 

applied, followed by post hoc test based on 

nonparametric mult iple comparisons. The same 

method was used to test differences between 

predatory and non-predatory groups of fish. To 

estimate the total metal content in the different fish 

species, the Metal Pollution Index (MPI) was used as 

proposed by Usero, Gonzalez-Regalado, and Gracia 

(1996, 1997). Relat ions between the fish age, fish 

biometric data (size, weight and condition factor) and 

concentrations of trace elements in fish muscle were 

evaluated by Spearman correlation. The same method 

was used to estimate inter-correlations among 

different trace elements as well as among trace 

elements and the main chemical constituents in fish 

muscle. All statistical analyses were performed using 

the statistical software package STATISTICA 7 

(StatSoft, Tu lsa, USA). The obtained metal 

concentrations were compared  to maximum permitted 

concentrations (MPC) for human consumption 

established by Montenegrin national leg islation and 

some international and national guidelines (Table 1). 

 
Figure 1. Location map of the Skadar Lake in Montenegro (locality Radus is marked with “x”). 

 
 

 

Table 1. Permitted levels of trace elements in fish (mg kg-1 wet weight) established by different guidelines 

 

References1   Country Hg Pb Cd As Cu Zn Fe Mn Ni Cr 

EC (2006) Europe 0.50 0.30 0.05 – – – – – – – 
FAO (1983) Worldwide 0.50 0.50 0.05 0.1-4 30 40-100 – – – – 

FAO/WHO (1989) Worldwide 0.30 0.50 0.10 – 30 50 – – – 1.0 

MAFF (2000)  UK 0.50 2.0 0.20 1.0 20 50 – – – 1.0 

Official Gazette RS (2011) Serbia 0.50 1.0 0.10 2.0 30 100 30 – – – 

Anonymous (2005) Croatia 0.50 0.20 0.05 2.0 30 100 30 – – – 
Anonymous (2004) Bulgaria 0.50 0.40 0.05 1.0 10 50 – - 0.5 0.3 

TFC (2002) Turkey 0.50 1.0 0.1 – 20 50 – 20 – – 

Official Gazette MN (2009)  Montenegro 0.50 0.30 0.05 – – – – – – – 
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Results 
 

The feeding habits, age and biometric 

characteristics of the analyzed  fish (body weight, total 

body length and condition factor) are listed in Table 

2. From six fish species analyzed in th is study, rudd is 

predominantly herb ivorous (aquatic vegetation), bleak 

is a water-column dweller, feeding mainly  on 

plankton, common carp and roach are omnivorous 

bottom feeders , European eel is bottom-dwelling 

predator and perch is water-column dweller, mainly  

piscivorous (Kottelat & Freyhof, 2007). The mean  CF 

values varied among the fish species and ranged 

between 0.18 ± 0.03 in European eel and 1.58 ± 0.22 

in rudd.  

 

Chemical Composition of Fish Muscle 

 

The list of analyzed chemical constituents of 

muscles from six fish species is given in Table 3. 

Average amount of water varied between 64% in  

European eel to 79% in perch, mean protein% ranged 

from 15.5% in European eel to 19.3% in rudd, while 

mean fat content showed the greatest variation: from 

0.72% in carp to 15% in European eel. Highest mean 

ash% was observed in bleak (2.68%) and the lowest 

in European eel (1.05%). Average calcium and 

magnesium concentrations were lowest in European 

eel (5.31 mg kg
-1

 and 1.84 mg kg
-1

 respectively), 

while the highest mean Ca concentration was 

recorded in  bleak (53.45 mg kg
-1

) and the h ighest 

mean Mg concentration in roach (9.29 mg kg
-1

). The 

Kruskal-Wallis test revealed significant differences 

between fish species for all analyzed chemical 

constituents. Post hoc nonparametric mult iple 

comparisons showed that European eel had 

significantly higher content of fat than all other fish 

species (P<0.00001), h igher content of dry matter 

(P=0.0001) and lower content of water (P=0.0001) 

than rudd, carp and perch and significantly lower 

content of proteins (P=0.001) and ash (P=0.001) than 

rudd, roach and bleak. Carp had significantly  lower 

content of fat than eel, rudd and bleak (P=0.00001) 

and lower content of ash than roach and bleak 

(P=0.001). Roach and bleak had significantly higher 

concentration of Ca and Mg than all other fish species 

(P=0.001). 

 

Concentrations of Trace Elements  

 

Concentrations of trace elements in fish muscle 

and MPI (Metal Po llut ion Index) values are shown in 

Table 4. The MPI values were computed in order to 

normalize and compare the whole metal 

contamination between the different fish species. 

Metal pollution index ranged from 0.165 to 0.338 and 

the sequence of MPI in different fish species was as 

following: Roach > Bleak > Eel > Carp > Rudd > 

Perch.  

Calculation of the overall average concentrations 

of investigated trace elements in the muscles of fish 

from Skadar Lake gave the following ranking: Zn > 

Fe > Mn > Cu > Hg > Cr > As > Ni > Pb > Cd. The 

accumulat ion patterns somewhat differed among 

analyzed fish species depending on their ecological 

features, but the concentrations of essential metals Zn, 

Fe, Mn and Cu were the highest, while that of Cd was 

the lowest in all analyzed fish species.  

The general order of muscular Zn  

bioaccumulat ion was: Bleak > Carp > Roach > Rudd 

> Eel > Perch. Observed differences in Zn level were 

significant only among perch and bleak (P=0.008) and 

perch and carp (P=0.03). The general order of 

muscular Mn bioaccumulation in this study was: 

Roach > Bleak > Rudd > Eel > Carp  > Perch. Mn 

concentrations in muscle of carp and perch were 

significantly lower (P=0.0001) than in other analyzed  

fish species. The distribution pattern of Fe 

Table 2. List of examined fish species, feeding habits, age and biometric data given as mean ± SD and range (N – number of 

collected specimens, TW – total body weight, TL – total body length and CF – condition factor) 

 

        

Species Common name Feeding habits Age N TW (g) TL (cm) CF 

        

        

Scardinius knezevici Rudd herbivorous 2-8 40 491.9 ± 291.6 

(26.2 – 910.2) 

29.4 ± 7.9 

(12.8 – 39.7) 

1.58 ± 0.22 

(1.25 – 1.77) 

Alburnus scoranza Bleak planctivorous 1-4 85 20.3 ± 12.6 
(4.8 – 39.3) 

13.1 ± 3.2 
(7.2 – 16.7) 

0.79 ± 0.09 
(0.64 – 0.95) 

Cyprinus carpio Common carp omnivorous 2-6 15 2823 ± 1583 

(107 – 7600) 

57.2 ± 12.7 

(19.6 – 79.6) 

1.34 ± 0.11 

(1.20 – 1.55) 

Rutilus prespensis Roach benthophagous 1-3 80 42.6 ± 36.7 

(12.5 – 105.1) 

13.9 ± 3.9 

(9.5 – 19.5) 

1.23 ± 0.16 

(1.01 – 1.42) 
Perca fluviatilis Perch predator 2-4 15 155.3 ± 122.7 

(70.1 – 296.3) 

21.3 ± 5.1 

(17.3 – 27.2) 

1.39 ± 0.10 

(1.33 – 1.50) 

Anguilla anguilla European eel predator / 20 327.5 ± 254.8 

(85.8 – 902.3) 

53.7 ± 10.9 

(37.3 – 74.5) 

0.18 ± 0.03 

(0.15 – 0.22) 
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concentrations in muscle of six fish species was: 

Roach > Bleak > Carp > Rudd > Perch > Eel. Highly  

significant difference in Fe level was observed 

between eel and all other fish species (P=0.00001). 

The general order of muscular Cu bioaccumulat ion 

was: Eel > Perch > Carp > Rudd > Bleak > Roach, but 

differences in Cu level among fish species were not 

statistically significant. The distribution pattern of Cr 

concentrations in muscle of six fish species was: 

Roach > Carp  > Bleak > Rudd > Eel > Perch, with  no 

significant differences among analyzed fish species. 

Co concentrations were below the LOQ in muscle 

samples of all analyzed  fish species. The general 

order of muscular Ni bioaccumulation was: Carp > 

Perch > Roach > Eal > Rudd > Bleak, but observed 

differences in Ni level among fish species were not 

statistically significant. The distribution pattern of Hg 

concentrations in muscle of six fish species was: Eel 

> Perch > Rudd > Carp > Roach > Bleak, with  no 

significant differences among analyzed fish species. 

Pb and Cd concentrations in fish muscles were below 

LOQs in most of analyzed samples (Tab le 4). Arsenic  

was not detectable in any of the muscle samples of 

carp and perch. The general order of muscular As 

Table. 3. Content of main chemical constituents (mean ± SD and range) in muscle of fish collected from the Skadar Lake 

 

 Scardinius 
knezevici 

Alburnus 
scoranza 

Cyprinus 
carpio 

Rutilus 
prespensis 

Anguilla 
anguilla 

Perca 
fluviatilis 

Water % 76.85 ± 3.19 

(71.1 – 80.2) 

71.68 ± 5.84 

(66.7 – 79.3) 

78.13 ± 2.19 

(73.1 – 80.6) 

74.96 ± 3.85 

(70.3 – 79.8) 

64.82 ± 4.52 

(59.2 – 71.4) 

79.51 ± 1.23 

(78.6 – 80.9) 

Dry matter % 23.15 ± 3.19 
(19.8 – 28.9) 

28.33 ± 5.82 
(20.7 – 33.3) 

21.87 ± 2.18 
(19.4 – 26.9) 

25.04 ± 3.85 
(20.2 – 29.7) 

35.17 ± 4.52 
(28.6 – 40.8) 

20.51 ± 1.21 
(19.1 – 21.4) 

Ash % 1.51 ± 0.72 

(0.9 – 3.1) 

2.68 ± 0.68 

(1.2 – 3.3) 

1.07 ± 0.10 

(0.9 – 1.4) 

2.48 ± 0.96 

(1.3 – 3.5) 

1.05 ± 0.12 

(0.9 – 1.2) 

1.36 ± 0.24 

(1.2 – 1.6) 

Protein % 19.31 ± 1.82 

(16.7 – 23.1) 

18.95 ± 3.01 

(14.7 – 23.3) 

17.97 ± 0.84 

(16.6 – 19.3) 

19.51 ± 2.37 

(16.7 – 22.3) 

15.46 ± 1.14 

(13.7 – 17.1) 

18.07 ± 0.35 

(17.7 – 18.4) 
Fat % 2.44 ± 1.03 

(1.1 – 4.6) 

6.21 ± 3.04 

(2.1 – 10.36) 

0.72 ± 0.53 

(0.05 – 1.7) 

1.75 ± 0.46 

(1.4 – 2.4) 

15.79 ± 4.16 

(9.4 – 23.9) 

1.10 ± 0.36 

(0.8 – 1.5) 

Ca (mg kg-1) 19.73 ± 23.42 

(2.5 – 65.1) 

53.45 ± 21.74 

(5.3 – 79.1) 

6.08 ± 2.49 

(4.1 – 13.7) 

38.48 ± 27.91 

(5.3 – 69.8) 

5.31 ± 1.95 

(3.4 – 9.3) 

10.93 ± 8.99 

(5.4 – 21.3) 

Mg (mg kg-1) 4.33 ± 3.23 
(2.1 – 12.4) 

8.07 ± 4.98 
(2.4 – 14.9) 

2.33 ± 1.14 
(0.3 – 4.2) 

9.29 ± 5.05 
(2.6 – 16.1) 

1.84 ± 1.23 
(1.6 – 2.1) 

2.74 ± 1.05 
(2.6 – 2.9) 

 

 
 

Table. 4. Metal pollution index values (MPI) and concentrations (mg kg-1) of eleven examined trace elements (mean ± SD 

and range) in muscle of six fish species collected from Skadar Lake 

 

 
Scardinius 

knezevici 

Alburnus 

scoranza 

Cyprinus 

carpio 

Rutilus 

prespensis 

Anguilla 

anguilla 

Perca 

fluviatilis 

MPI 0.211 0.284 0.233 0.313 0.247 0.169 
       

Hg 0.118 ± 0.037 

(0.059 – 0.170) 

0.096 ± 0.040 

(0.064 – 0.146) 

0.112 ± 0.040 

(0.034 – 0.187) 

0.099 ± 0.040 

(0.054 – 0.143) 

0.138 ± 0.035 

(0.114 – 0.206) 

0.121 ± 0.019 

(0.102 – 0.141) 

Pb 0.114 ± 0.002 
(<0.1 – 0.115) 

<0.1 0.112* 
<0.1 – 0.112 

<0.1 <0.1 <0.1 

Cd 0.018 ± 0.002 

(<0.01 – 0.020) 

0.020 ± 0.001 

(<0.01-0.021) 

0.012* 

<0.01 – 0.012 

<0.01 <0.01 <0.01 

As 0.091 ± 0.003 

(<0.06 – 0.13) 

0.098 ± 0.074 

(<0.06 – 0.20) 

<0.06 0.062 ± 0.049 

(<0.06 – 0.15) 

0.288 ± 0.069 

(0.17 – 0.38) 

<0.06 

Cu 0.64 ± 0.19 

(0.29 – 0.86) 

0.61 ± 0.24 

(0.30 – 0.93) 

0.58 ± 0.24 

(0.27 – 1.16) 

0.57 ± 0.26 

(0.38 – 0.92) 

0.84 ± 0.12 

(0.70 – 1.00) 

0.81 ± 0.05 

(0.76 – 0.85) 

Zn 16.29 ± 11.40 

(6.20 – 42.17) 

26.12 ± 7.91 

(11.02 – 32.78) 

20.88 ± 7.25 

(8.51 – 28.73) 

19.47 ± 10.71 

(7.77 – 34.77) 

15.088 ± 2.142 

(12.70 – 19.00) 

5.83 ± 1.46 

(4.30 – 7.20) 

Fe 5.66 ± 1.36 
(4.30 – 8.85) 

7.90 ± 1.23 
(5.98 – 10.01) 

6.95 ± 1.96 
(2.62 – 10.01) 

14.48 ± 7.41 
(6.10 – 23.36) 

3.23 ± 0.778 
(2.40 – 4.30) 

4.77 ± 0.21 
(4.60 – 5.01) 

Mn 1.03 ± 1.12 

(0.12 – 3.53) 

1.76 ± 0.69 

(0.30 – 2.43) 

0.20 ± 0.08 

(0.12 – 0.46) 

5.12 ± 3.96 

(0.37 – 9.40) 

0.64 ± 0.071 

(0.55 – 0.72) 

0.22 ± 0.05 

(0.18 – 0.27) 

Ni 0.032 ± 0.009 

(0.02 – 0.05) 

0.028 ± 0.006 

(0.02 – 0.04) 

0.152 ± 0.18 

(0.03 – 0.67) 

0.041 ± 0.015 

(0.02 – 0.06) 

0.038 ± 0.027 

(0.02 – 0.10) 

0.071 ± 0.012 

(0.06 – 0.08) 
Cr 0.074 ± 0.048 

(0.025 – 0.106) 

0.12 ± 0.06 

(0.06 – 0.24) 

0.078 ± 0.064 

(0.025 – 0.217) 

0.178 ± 0.106 

(0.070 – 0.31) 

0.069 ± 0.21 

(0.05 – 0.102) 

0.063 ± 0.023 

(0.05 – 0.09) 

Co <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 
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bioaccumulat ion was: Eel > Bleak > Roach > Rudd. 

Statistical analyzes of d ifferences in As level in  the 

muscles of fish species showed that European eel had 

significantly higher content of As than other analyzed 

fish species (P=0.0001).  

 

Correlation Analyses 

 

Growth-dependent variations were observed in 

concentrations of several trace elements in muscle of 

studied fish. For Fe, Cr, Pb, Cd and Hg there were no 

significant correlat ions with age nor size (length and 

weight) in any of the analyzed fish species. 

Significant correlat ions (P<0.05) with  age were found 

for Cu, Ni, Zn  and Mn in rudd (R = 0.80; R = 0.72; R 

= –0.60;  R = –0.69) and for Zn in carp (R = 0.80) and 

roach (R = 0.85). Furthermore, significant 

correlations (P<0.05) with body weight were found 

for Cu, Ni, Zn  and Mn in rudd (R = 0.80; R = 0.70; R 

= –0.64; R = –0.77), for Zn in roach (R = –0.94) and 

for As in  eel (R = 0.73). Significant correlations 

(P<0.05) with body length were found for Cu, Ni, Zn  

and Mn in rudd (R = 0.79;  R = 0.65;  R = –0.61;  R = –

0.73) and for Zn and Ni in roach (R = –0.94; R = –

0.81). Finally, overall CF was in negative correlat ion 

with Zn, Mn and As (P<0.05), but in  positive 

correlation with Ni (P<0.05).  

Several significant correlations were observed 

among the metals and main chemical constituents  of 

fish muscle. Significant negative correlations with 

water% in fish muscle were observed for 

concentrations of Zn, Mn, As and fat% (P<0.01), 

while positive correlation was found for Ni and Cr 

(P<0.05). Protein% was negatively correlated with  

Cu, As and water%, but positively with  

concentrations of Fe, Cr, Ca and Mg (P<0.01). Fat% 

was positively correlated with Mn and As, but 

negatively with Fe and Ni (P<0.01). Concentrations 

of Ca and Mg were positively correlated with Zn, Fe, 

Mn, Cr and protein%, but negatively correlated with  

Cu.  

Several significant correlations were observed 

among studied trace elements. Significant positive 

correlations among trace elements were found for 

Mn-Cr, As-Mn, As-Cu, Zn -Fe, Zn-Mn and Zn-Cd, 

while significant negative correlations were observed 

for Mn-Ni, As-Fe, As-Ni, Zn-Cu, Zn-Ni and Hg-Cr.  

 

Discussion 
 

Fish muscle of six species from Skadar Lake 

contained in average 75% water, 18% protein and 4% 

fat, what was in agreement with usual findings (Nair 

& Suseela, 2000; FAO/INFOODS, 2013). Generally, 

there is an  inverse relationship between the water, 

protein and fat contents of fish flesh, but in our study, 

statistically significant negative correlation was 

observed only between water and fat (P<0.01). Fat  

content in fish species varies with climate, season, 

available food and physiological status of fish. 

Condition factor is a measure of general fish’s health  

and it reflects recent feeding conditions and 

environmental quality (Froese, 2006; Rennie & 

Verdon, 2008). The mean CF values for fish analyzed  

in this study were in agreement with common 

findings for the selected fish species. Although CF 

value is generally related to accumulation of fat, 

significant positive correlation among fat% and CF in  

our study was observed only in eel and bleak 

(P<0.01).  

There is no information about maximum 

permitted levels of Zn, Fe, Mn, Cu, Cr, Ni, Co and As 

in fish tissues in National Regulation of Montenegro. 

For that reason, concentrations of these trace elements 

were compared to other international and national 

standards (Table 1). That comparison showed that 

average concentrations of these elements in  six fish 

species from Skadar Lake were below the maximum 

permitted levels for human consumption. 

Concentrations of Hg, Pb and Cd were below the 

maximum permitted levels in the all analyzed muscle 

samples according to both international legislat ion 

and Montenegrin standards for fish. Furthermore, 

calculated values of metal po llution index (MPI) for 

all fish species were far below crit ical value of 1, 

what confirms that concentrations of analyzed metals 

in fish muscle are not elevated. These findings 

suggest that Skadar Lake could be still regarded as 

unpolluted ecosystem. In  previous investigations of 

fish from Skadar Lake (Filipovic et al., 1980; 1981) 

the average concentrations of four analyzed metals 

(Zn, Fe, Cu and Cd) were very similar to those of our 

study. That indicates that in spite of different sources 

of pollution around Skadar Lake, metals 

concentrations didn’t increase over the period o f last 

30 years. 

The general order of muscular trace elements 

bioaccumulat ion in this study (Zn > Fe > Mn > Cu > 

Hg > Cr > As > Ni > Pb > Cd) showed that essential 

elements had the highest concentration in fish muscle 

what is in agreement with common findings (Andreji 

et al, 2006, Yilmaz, Ozdemir, Demirak, & Tuna, 

2007; Maceda-Veiga, Monroy, & de Sostoa, 2012;  

Petkovšek, Grudnik, & Pokorny, 2012;  Dvorak, 

Andreji, Dvorakova-Liskova, & Vejsada, 2014). Zn, 

Fe, Mn and Cu have a vital functions in all liv ing 

organisms and their concentration in fish is usually 

the highest (Kennedy, 2011). In our research, Zn  

showed the highest concentrations from all analyzed  

metals in muscles of all fish species. The observed 

sequence of Zn accumulation in six analyzed fish 

species from Skadar Lake suggests that Zn 

accumulat ion tendency decrease with the trophic 

position of fish, what is in agreement with some other 

studies (Cheng, De Schamphelaere, Lofts, Janssen, 

Allen, 2005;  Andreji et al. 2005, 2006; Kensova, 

Celechovska, Dobravova, & Svobodova, 2010). Mn 

was the second most abundant metal in muscle of 

analyzed fish. This element can be significantly  

bioaccumulated by aquatic organisms, but has no 
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tendency to biomagnify along the food chains and the 

last was confirmed by our results. Cu concentrations 

from our investigation were in  similar range as in  

some other studies (Mendil et al, 2005; Andreji et al, 

2006). A lthough differences in  Cu  level among 

analyzed fish species were not statistically significant, 

highest Cu level in predatory fish species (European 

eel and perch) observed in our research, suggests that 

Cu accumulat ion might have tendency to increase 

with the trophic position of fish. On the other side, 

accumulat ion of Fe and Cr in fish from Skadar Lake 

showed the opposite trend: higher levels of these 

metals were observed in non-predatory species in 

comparison to predators. From analyzed essential 

metals, Co was the only one that was not detected in 

any of the muscle samples. Although significant sites 

of Co accumulation are main ly soft tissues, generally, 

this element have low accumulation rate in  the fish 

(Bird, Mills, & Schwartz, 1999), probably due to its 

high affinity to organic particles in solution.  

Unlike essential metals, Pb, Hg, Cd  and As have 

no biological function and hence their concentrations 

in fish are generally low, but they could be harmfu l to  

liv ing organisms even in  trace amounts.  Aquatic 

microorganis ms have the ability to transform 

elementary Hg and its compounds to methyl-Hg  

which is the chemical form of most concern because 

of its high toxicity. Th is metal predominantly 

accumulates in  fish muscle (Wiener, Krabbenhoft, 

Heinz, & Scheuhammer, 2003). It is one of the few 

metals known to biomagnify through food webs; 

therefore, carnivorous fish species usually contain the 

highest amounts of Hg as a top predators in  the 

aquatic food chains (Dusek et al, 2005; Chen, 2012;  

Noel et al. 2013). The last was confirmed  by our 

results since the highest Hg concentrations were 

recorded in fish species from the highest trophic level 

(European eel and perch).  

Pb and Cd are toxic metals that could be harmful 

to aquatic organisms even at very low concentrations. 

In our research, Pb and Cd concentrations in fish 

muscle were below detection limit  in most of 

analyzed samples and the mean concentrations of 

these metals were similar to those of some unpolluted 

areas (Dusek et  al, 2005;  Yilmaz et al, 2007;  

Petkovsek et al, 2012; Yancheva, Stoyanova, 

Velcheva, Petrova, & Georg ieva, 2014). That is in  

accordance to very low Pb and Cd concentrations 

recorded in sediments of Skadar Lake (Kastratovic, 

Jacimovic, Bigovic, Djurovic, & Krivokapic, 2016). 

As is metallo id able to accumulate in  fish, but 

there is no considerable biomagnificat ion trough the 

food web (W illiams, Schoof, Yager, & Goodrich-

Mahoney, 2006;  Leeves, 2011). The last was partly  

confirmed by our findings. European eel, as one of the 

top predators in aquatic food chains, had significantly  

higher content of As (P = 0.0001) than other analyzed  

fish species from Skadar Lake, but at the same time, 

in muscle of the other analyzed predatory fish (perch) 

As was not detected in any of the samples. Highly  

significant differences in As level observed between 

two predatory species, eel and perch, could be 

attributed to their d ifferent ecological features: perch  

is solely piscivory fish that lives and feeds mainly in  

the water co lumn, while eel is bottom-dwelling 

species that burrow in sediments and feeds on various 

organisms (e.g. snails, polychaetes and fish). 

Described features imply higher likelihood of As 

accumulat ion from the surrounding environment (and 

food) in eel in comparison to perch. Furthermore, 

significant positive correlat ion among As level and 

fat% (P < 0.01) observed in our research, could be 

associated with the h ighest As accumulat ion rate in  

European eel (i.e . species with the highest fat% of all 

analyzed fish). The mean As concentration obtained 

in this study was generally comparable to the levels 

reported in some similar studies (Noel et al, 2013;  

Has-Shon, Bogut, & Strelec, 2006), but higher in  

comparison to As level in the muscle of the fish from 

some unpolluted areas (Has-Shon et al, 2008;  

Petkovsek et al, 2012).  

Metal bioaccumulation is species–specific , 

therefore some differences observed in the 

accumulat ion pattern among analyzed fish species 

might be a result of different ecological needs, 

metabolism and feeding patterns (Andres, Ribeyre, 

Tourencq, & Boudou, 2000; Qiao-qiao, Guangwei, & 

Langdon, 2007; Monikh, Safah ieh, Savari, & 

Doraghi, 2013). Sediment is a remarkable source of 

trace elements for fish and a degree of contact with 

sediment highly depends on feeding habits. In other 

words, bottom-dwelling species are expected to 

accumulate more t race metals in comparison with  

water-column dwellers. However, our expectation that 

perch and bleak, as water-column dwellers, would  

show lower load of trace elements than rudd, carp, 

roach and eel was only partly  confirmed (i.e. for Zn, 

Mn, Cr, As, Pb and Cd in perch and for Ni, Hg and Pb  

in bleak). These findings suggest that, in Skadar Lake, 

the fish’s relation to sediments is probably not crucial 

in the metal load variation among fish species. For 

instance, perch and bleak are active and fast 

swimmers what is usually associated with high 

metabolic rate and that may result in  higher 

accumulat ion rate of certain  metals in comparison to 

bottom-dwelling species (Canli & Atli, 2003).  

Generally, accumulation level of trace elements 

in fish depends on relation between specific uptake 

(through the gills, skin and the digestive system), 

metabolization and elimination mechanis ms. These 

processes are usually related with environmental 

factors (e.g. water temperature, pH, hardness, 

salinity), but also with the age/size-specific metabolic  

rate of organis ms (Jezierska & Witeska, 2006;  

McKinley, Taylor, & Johnston, 2012). Although some 

authors (Burger et al. 2002; Canli & At li 2003;  

Scerbo et al. 2005; Yi & Zhang, 2012; Merciai, 

Guasch, Kumar, Sabater, & García -Berthou, 2014;  

Dvorak et al., 2014) reported clear relat ion between 

the concentrations of trace elements in fish muscle 
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and the age and size of a fish, only a few significant 

correlations between metals accumulation and fish 

age and size were observed in our study. The possible 

reason could be the absence of some age categories, 

but regarding Pb and Cd, primary reason was the 

small number of muscle samples where these metals 

were detectable. Higher concentrations of Zn and Mn, 

observed in younger fish in our study, may be linked  

to higher metabolic rate in younger fish and to 

superior b ioregulation mechanis m for these metals in  

older fish in comparison to younger ones (De Wet, 

Schoonbee, De Wet et al., 1994). 

Positive correlations between metal 

accumulat ion and age/size of the fish, like higher Cu, 

Ni and As concentrations observed in older and larger 

fish in  our study, may  result from the longer t ime of 

exposure or slower excretion (Di Giulio & Hinton, 

2008). On the contrary, observed negative correlation 

between fish size and Zn and Mn accumulat ion might 

be caused by tissue growing more rapid ly than metals 

intake. That imply a higher potential uptake of trace 

metals in  smaller than larger fish (Authman, 2008).  

Concentrations of other analyzed trace metals (Fe, Cr, 

Hg, Pb and Cd) were relatively independent on fish 

age and size (no correlat ion) and that usually occurs 

when the uptake and excretion rates of the metals 

balance. Moreover, the relationship among metal 

level and fish age and size may not exist when food is 

limit ing and fish stop growing, but continue to 

accumulate contaminants (Burger & Campbell, 2004).  

Significant inter-correlat ions among trace 

elements in fish t issue may reflect a common source 

of occurrence and similar biogeochemical pathways 

in fish body (Jezierska & Witeska, 2001). In our 

study, significant positive correlations among trace 

elements were found for Mn-Cr, As-Mn, As-Cu, Zn-

Fe, Zn-Mn, Zn-Cd, while negative correlations were 

observed for Mn-Ni, As-Fe, As-Ni, Zn-Cu, Zn-Ni and 

Hg-Cr. Many authors reported positive correlations 

among metals (e.g. Burger & Campbell 2004; Mendil 

et al., 2005; Andreji, Stranai, Kačániová, Massanyi, & 

Valent 2006; Has-Shon et al., 2015), but in some 

cases, even in the same fish species, metal-

relationships were the opposite or there were no 

significant relations (Burger et al., 2002, Andreji, 

Stranai, Massanyi, & Valent, 2005, Andreji, Stranai, 

Massanyi, & Valent, 2006). There are many reasons 

for such contrasting results since inter-metal relations 

depend on many factors, such as diet, trophic level, 

metabolism, health status, exposure time, pollut ion 

level of the environment etc.   

 

Conclusions 
 

The results for the eleven analyzed trace 

elements in muscle of six fish species from Skadar 

Lake showed variation in a range that seems to be 

typical for fish of waters without considerable 

anthropogenic impact. The investigated trace 

elements (especially those of highest priority: Hg, Pb, 

Cd and As) were below maximum permitted levels of 

many recognized international standards. Therefore, 

all six analyzed fish species could be recommended 

for human diet. Concentrations of essential metals, 

Zn, Fe, Mn and Cu were the highest, while that of Pb 

and Cd were the lowest in all analyzed fish species.  

Statistically  significant inter-species differences 

in accumulat ion of analyzed  metals were confirmed  

only for Zn, Mn, Fe and As. Perch was the species 

with the lowest MPI, while roach had the highest 

overall concentration of the trace elements (i.e.  the 

highest MPI).  

Significant relationships between heavy metal 

concentrations and fish age and size were established 

predominantly fo r essential elements, while for non-

essential ones there were no definite or established 

relationships. Similar situation was observed in case 

of inter-metal relat ionships. Considerably low and 

uniformly distributed concentrations of majority of 

non-essential elements as well as very s mall 

percentage of samples where some of these metals 

were detectable (i.e . Pb and Cd), might substantially  

contribute to the absence of clear relationships 

between non-essential metals and both fish biometric 

characteristics and other studied metals.  

Although results of this investigation showed no 

risk fo r fish consumers, further studies are needed for 

better understanding of the trace metals 

bioaccumulat ion mechanisms in fish of Skadar Lake. 

Having in mind all potential contaminants in Skadar 

Lake hinterland, it is recommended to conduct 

continuous monitoring of fish to ensure that the 

concentrations of metals remain within the prescribed 

worldwide limits. 

 

References 

 

Ahmad, A., & Sarah, A. (2015). Human Health Risk 
Assessment of Heavy Metals in Fish Species 

Collected from Catchments of Former Tin Mining. 

International Journal of Research Studies in Science, 

Engineering and Technology, 2(4), 9-21. 

Andreji, J., Stranai, I.,  Massanyi, P., & Valent, M. (2005). 
Concentration of selected metals in muscle of various  

fish species. Journal of Environmental Science and 

Health, 40(4), 899–912.  

http://dx.doi.org/10.1081/ese-200048297 

Andreji, J., Stranai, I., Kačániová, M., Massanyi, P., & 
Valent, M. (2006). Heavy Metals Content and 

Microbiological Quality of Carp (Cyprinus carpio, L.) 

Muscle from Two Southwestern Slovak Fish Farms. 

Journal of Environmental Science and Health,  41(6),  

1071–1088.  
http://dx.doi.org/10.1080/10934520600620295 

Andreji, J., Stranai, I.,  Massanyi, P., & Valent, M. (2006). 

Accumulation of metals in muscles of five fish 

species from lower Nitra River. Journal of 

Environmental Science and Health, 41(11), 2607–
2622.  

http://dx.doi.org/10.1080/10934520600928003 

Andres, S., Ribeyre, F., Tourencq, J.N., & Boudou, A. 

(2000). Interspecific comparison of cadmium and zinc 



  J. Rakocevic et al. /  Turk. J. Fish. Aquat. Sci. 18: 647-657 (2018) 655 

 

    

 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

contamination in the organs of four fish species along 

a polymetallic pollution gradient (Lot River, France). 
Science of the Total Environment, 248, 11–25. 

http://dx.doi.org/10.1016/s0048-9697(99)00477-5 

Anonymous. (2004). Regulation of Setting Maximum 

Levels of Certain Contaminants in Foodstuff, No 31, 

Darjaven Vestnik, Issues 88. 
Anonymous (2005). By-law on Toxins, Metals, Metalloids 

and Other Harmful Substances in Food. Ministry of 

Health and Social Care, Republic of Croatia, Narodne 

Novine No.16/05 

AOAC. (1997). Official Methods of Analysis of AOC 
International, 16th ed. Association of Official 

Analytical Chemists, Gaithersburg, MD.   

http://dx.doi.org/10.5860/choice.35-0912 

Authman, M.M.N. (2008). Oreochromis niloticus as a 

biomonitor of heavy metal pollution with emphasis on 
potential risk and relation to some biological aspects. 

Global Veterenaria, 2(3), 104-109. 

Beeton, A.M. (1981). Physical conditions of Lake Skadar 

and its basin. In: G. Karaman & A.M. Beeton (Eds.), 

The Biota and Limnology of the Lake Skadar (pp. 15-
17). University Veljko Vlahovic, Institute of 

Biological and Medicine Research Titograd; 

Smithsonian Institution, Washington, D.C., USA, 466 

pp   

http://dx.doi.org/10.1002/aheh.19870150103 
Bird, G.A, Mills, K.H., & Schwartz, W.J. (1999). 

Accumulation of 60Co and 134Cs in lake whitefish in a 

Canadian shield lake. Water, Air & Soil Pollution,  

114, 303-322. 
Burger, J., Gaines, K.F., Shane Boring, C., Stephens, W.L., 

Snodgrass, J., & Dixon, C. (2002). Metal levels in fish 

from the Savannah river: potential hazards to fish and 

other receptors. Environmental Research, 89, 85–97. 

http://dx.doi.org/10.1006/enrs.2002.4330 
Burger, J., & Campbell,  K.R. (2004). Species differences  in 

contaminants in fish on and adjacent to the Oak Ridge 

Reservation, Tennessee. Environmental Research, 96, 

145–155.  

http://dx.doi.org/10.1016/j.envres.2003.12.003 
Canli, M., & Atli, G. (2003). The relationships between 

heavy metals (Cd, Cr, Cu, Fe, Pb, Zn) levels and the 

size of six Mediterranean fish species. Environmental 

Pollution, 121, 129–136 

http://dx.doi.org/10.1016/s0269-7491(02)00194-x 
CEED. (2007). Social assessment for Skadar Lake. 

Shkoder/Skadar Lake integrated ecosystem 

management. Retrieved from: 

http://lss2.iwlearn.org/publications/social-economic-

assessment/social-economic-
assessment_lsiemp.pdf/view 

CETI, APAWA (2007). The Strategic Action Plan (SAP) 

for Skadar Lake, Albania & Montenegro. Washington 

DC, World Bank and Global Environment Facility 

(GEF), 82 pp. Retrieved from: 
http://www.gov.me/files/1248091290.pdf) 

Chen, C.Y. (2012). Methyl-mercury effects and exposures: 

who is at risk? Environmental Health Perspectives,  

120, 224-225.  

http://dx.doi.org/10.1289/ehp.1205357 
Cheng, T., De Schamphelaere, K., Lofts, S., Janssen, C., & 

Allen, H.E. (2005). Measurement and computation of 

zinc binding to natural dissolved organic matter in 

European surface waters. Analytica Chimica Acta,  

542, 230–239.   
http://dx.doi.org/10.1016/j.aca.2005.03.053 

De Wet, L.M., Schoonbee, H.J., De Wet, L.P.D., & Wiid, 

A.J.B. (1994). Bioaccumulation of Metals by the 
Southern Mouthbrooder, Pseudocrenilabrus philander  

(Weber, 1897) From a Mine-Polluted Impoundment. 

Water SA, 20(2), 119-126. 

Di Giulio, R.T., & Hinton, D.E. (2008). The Toxicology of 

Fishes. CRC Press, Taylor and Francis Group, LLC, 
Boca Raton, FL 1096 pp. 

Dorea, J.G. (2008). Persistent, bioaccumulative and toxic 

substances in fish: human health considerations. 

Science of Total Environment, 400, 93-114.  

http://dx.doi.org/10.1016/j.scitotenv.2008.06.017 
Dusek, L., Svobodova, Z., Janouskova, D., Vykusova, B., 

Jarkovsky, J., Smid, R., Pavlis, P. (2005). 

Bioaccumulation of mercury in muscle tissue of fish 

in the Elbe River (Czech Republic): multispecies 

monitoring study 1991–1996. Ecotoxicology and 
Environmental Safety, 61, 256–267.   

http://dx.doi.org/10.1016/j.ecoenv.2004.11.007 

Dvořák, P., Andreji, J., Mraz, J., & Dvořáková-Líšková, Z. 

(2014): Concentration of heavy and toxic metals in 

fish and sediments from the Morava river basin, 
Czech Republic. Neuroendocrinology Letters,  

35(Suppl. 1), 126–132. 

EC (2006). Commission Regulation (EC) no. 1881/2006 of 

19 December 2006 setting maximum levels for certain 

contaminants in foodstuffs. Official Journal of 
European Union L364, 24 pp. Retrieved from 

http://extwprlegs1.fao.org/docs/pdf/eur68134.pdf 

FAO. (1983). Compilation of legal limits for hazardous 

substances in fish and fishery products, FAO Fishery 
Circular No. 464, 5–100. Retrieved from 

http://www.fao.org/docrep/014/q5114e/q5114e.pdf 

FAO/WHO. (1989). Evaluation of certain food additives  

and the contaminants mercury, lead and cadmium, 

WHO Technical Report Series,  No. 505. Retrieved 
from 

http://apps.who.int/iris/bitstream/10665/40985/1/WHO_TR

S_505.pdf 

FAO/INFOODS. (2013). FAO/INFOODS Food 

Composition Database for Biodiversity Version 2.1 –  
BioFoodComp2.1, FAO, Rome, Italy. Retrieved from 

http://www.fao.org/docrep/019/i3560e/i3560e.pdf 

Filipovic, S., Vukovic, T., & Knezevic, B. (1980): 

Microelements iron and copper in the muscles of 

some cyprinoid fish species of Skadar Lake. 
Godisnjak Bioloskog Instituta Univerziteta u 

Sarajevu, 33, 51-57. 

Filipovic S., Vukovic, T., & Knezevic, B. (1981): 

Microelements cadmium and chromium in the 

muscles of some cyprinoid fish species of Skadar 
Lake. Ichthyologia, 13(1), 21-28. 

Förstner, U., & Wittmann, G. T. (1981). Metal Pollution in 

the Aquatic Environment. Springer-Verlag Berlin 

Heidelberg, 488 pp. http://dx.doi.org/10.1007/978-3-

642-69385-4 
Froese, R. (2006). Cube law, condition factor and weight–

length relationships: history, meta-analysis and 

recommendations. Journal of Applied Ichthyology,  22, 

241–253. 

http://dx.doi.org/10.1111/j.1439-0426.2006.00805.x 
GEMs/Food-WHO. (1995). Reliable Evaluation of Low-

level Contamination of Food. Report on a Workshop 

in the Frame of GEMS/Food-EURO. Kulmbach, 

Germany, 26–27 May 1995. Retrieved from 

ftp://ftp.ksph.kz/Chemistry_Food%20Safety/TotalDie
tStudies/Reliable.pdf 



 656 J. Rakocevic et al.  /  Turk. J. Fish. Aquat. Sci. 18: 647-657 (2018)  

 

    

 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

Has-Schön, E., Bogut, I., & Strelec, I. (2006). Heavy metal 

profile in five fish species included in human diet, 

domiciled in the end flow of river Neretva (Croatia). 
Archive of Environmental Contamination and 

Toxicology, 50, 545–551.   

http://dx.doi.org/10.1007/s00244-005-0047-2 

Has-Schön, E., Bogut, I., Rajkovic, V., Bogut, S.,  Cacić, 

M., & Horvatic , J. (2008). Heavy metal distribution 
in tissues of six fish species included in human diet,  

inhabiting freshwaters of the nature park ‘‘Hutovo 

Blato’’ (Bosnia and Herzegovina). Archive of 

Environmental Contamination and Toxicology,  54, 

75–83.  http://dx.doi.org/10.1007/s00244-007-9008-2 
Has-Schön, E., Bogut, I., Vukovic, R., Galovic, D., Bogut, 

A., & Horvatic, J. (2015). Distribution and age-related 

bioaccumulation of lead (Pb), mercury (Hg), cadmium 

(Cd), and arsenic (As) in tissues of common carp 

(Cyprinus carpio) and European catfish (Sylurus 
glanis) from the Buško Blato reservoir (Bosnia and 

Herzegovina). Chemosphere, 135, 289-296.  

http://dx.doi.org/10.1016/j.chemosphere.2015.04.015 

Jezierska, B., & Witeska, M. (2001). Metal toxicity of fish. 

Wydawnictwo Akademi Podlaskiej, Siedlce, 318 pp. 
Jezierska B., Witeska M. (2006). The Metal Uptake and 

Accumulation in Fish Living in Polluted Waters. In 

I. Twardowska, H.E.Allen, M.M. Häggblom & S. 

Stefaniak (Eds.), Soil and Water Pollution 

Monitor ing, Protection and Remediation (pp. 107-
114). NATO Science Series, 69, Springer, 

Dordrecht, 607 pp.  

http://dx.doi.org/10.1007/978-1-4020-4728-2_6 

Kamunde, C., & MacPhail, R. (2011). Metal–metal 
interactions of dietary cadmium, copper and zinc in 

rainbow trout, Oncorhynchus mykiss. Ecotoxicology 

and Environmental Safety, 74, 658–667. 

http://dx.doi.org/10.1016/j.ecoenv.2010.10.016  

Kastratovic, V., Jacimovic, Z., Bigovic, M., Djurovic, D., & 
Krivokapic, S. (2016). Environmental status and 

geochemical assessment of sediments of Lake Skadar, 

Montenegro. Environmental Monitoring and 

Assessment, 188(8), 449.   

http://dx.doi.org/10.1007/s10661-016-5459-0 
Kennedy, C.J. (2011). The Toxicology of metals in Fishes. 

In: A.P. Farrell (Ed.), Encyclopedia of Fish 

Physiology: From Genome to Environment (pp. 2061–

2068), Elsevier Inc, Amsterdam, Netherlands, 2272 

pp.  
http://dx.doi.org/10.1016/b978-0-12-374553-8.00236-

7 

Kensova, R., Celechovska O., Dobravova J., & Svobodova 

Z. (2010). Concentrations of metals in tissues of fish 

from the Vestonice reservoir. Acta Veterinaria Brno,  
79(2), 335–345. 

http://dx.doi.org/10.2754/avb201079020335 

Kottelat, M., & Freyhof, J. (2007). Handbook of European 

freshwater fishes. Kottelat, Cornol, Switzerland and 

Freyhof, Berlin, Germany, 646 pp. 
http://dx.doi.org/10.1643/ot-08-098a.1 

Küpeli, T., Altundağ, H. & İmamoğlu, M. (2014). 

Assessment of Trace Element Levels in Muscle 

Tissues of Fish Species Collected from a River, 

Stream, Lake, and Sea in Sakarya, Turkey. The 
Scientific World Journal, 13, Article ID 496107, 7 pp. 

http://dx.doi.org/10.1155/2014/496107 

Lagler, K.F. (1952). Freshwater Fishery Biology. Wm. C. 

Brown Co. USA, 360 pp. 

Leeves, S. (2011). Bioaccumulation of Arsenic, Cadmium, 

Mercury, Lead and Selenium in the Benthic and 

Pelagic Food Chain of Lake Baikal (Master thesis). 

Norwegian University of Science and Technology, 
Norway. 

Lombardi, P. E., Peri, S. I., & Verrengia Guerrero, N. R. 

(2010). Trace metal levels in Prochilodus lineatus  

collected from the La Plata River, Argentina.  

Environmental Monitoring and Assessment, 160, 47–
59.   http://dx.doi.org/10.1007/s10661-008-0656-0 

Maceda-Veiga, A., Monroy, M., & De Sostoa, A. (2012). 

Metal bioaccumulation in the Mediterranean barbel 

(Barbus meridionalis) in a Mediterranean River 

receiving effluents from urban and industrial waste 
water treatment plants. Ecotoxicology and 

Environmental Safety, 76: 93–101.  

http://dx.doi.org/10.1016/j.ecoenv.2011.09.013 

Maceda-Veiga, A., Monroy, M., Navarro, E, Viscor, E.,  & 

De Sostoa, A. (2013): Metal concentrations and 
pathological responses of wild native fish exposed to 

sewage discharge in a Mediterranean river, Science of 

Total Environment, 449, 9–19. 

http://dx.doi.org/10.1016/j.scitotenv.2013.01.012 

MAFF. (2000). Monitoring and surveillance of non-
radioactive contaminants in the aquatic environment  

and activities regulating the disposal of wastes at sea. 

Aquatic Environment Monitoring Report No.52. 

Ministry of Agriculture, Fisheries and Food, Center 

for Environment, Fisheries  and Aquaculture Science, 
Lowestoft, UK. 

Maric, D., & Milosevic, D. (2011). Catalogue of freshwater 

fishes (Osteichthyes) of Montenegro. CANU - 

Crnogorska akademija nauka i umjetnosti. Katalozi 5, 
Knjiga 4. Podgorica. 114 pp. 

Matasin, Z., Ivanusic, M., Orescanin, V., Nejedli, S.,  & 

Gaiger, I.T. (2011). Heavy metals concentrations in 

predator fish. Journal of Animal and Veterinary 

Advances, 10, 1214–1218. 
http://dx.doi.org/10.3923/javaa.2011.1214.1218 

McKinley, A.C., Taylor, M.D., & Johnston, E.L. (2012). 

Relationships between body burdens of trace metals  

(As, Cu, Fe, Hg, Mn, Se, and Zn) and the relative 

body size of small tooth flounder (Pseudorhombus 
jenynsii). Science of Total Environment, 423, 84–94. 

http://dx.doi.org/10.1016/j.scitotenv.2012.02.007 

Mendil, D., Uluözlü, O., Hasdemir, E., Tüzen, M., Sari, H., 

& Suiçmez, M. (2005). Determination of trace metal 

levels in seven fish species in lakes in Tokat, Turkey. 
Food Chemistry, 90(1-2), 175-179.   

http://dx.doi.org/10.1016/j.foodchem.2006.01.050 

Merciai, R., Guasch, H., Kumar, A., Sabater, S., García-

Berthou, E. (2014). Trace metal concentration and 

fish size: Variation among fish species in a 
Mediterranean river. Ecotoxicology and 

Environmental Safety, 107, 154-161. 

http://dx.doi.org/10.1016/j.ecoenv.2014.05.006 

MEST EN 13804. (2002). Foodstuffs - Determination of 

trace elements - Performance criteria, general 
considerations and sample preparation.  

http://dx.doi.org/10.3403/02621613 

MEST EN 14084. (2009). Foodstuffs - Determination of 

trace elements - Determination of lead, cadmium, 

zinc, copper and iron by atomic absorption 
spectrometry (AAS) after microwave digestion.   

http://dx.doi.org/10.3403/02794284 

Monikh, F.A., Safahieh, A., Savari, A., & Doraghi, A. 

(2013). Heavy metal concentration in sediment, 

benthic, benthopelagic, and pelagic fish species from 



  J. Rakocevic et al. /  Turk. J. Fish. Aquat. Sci. 18: 647-657 (2018) 657 

 

    

 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 

Musa Estuary (Persian Gulf). Environmental 

Monitoring and Assessment, 185(1), 215-222.  

http://dx.doi.org/10.1007/s10661-012-2545-9 

Nair, P.G.V., & Suseela, M. (2000). Biochemical 

composition of fish and shellfish. CIFT Technology 
Advisory Series, Central Institute of Fisheries  

Technology, Cochin, 281-289. 

Noël, L., Chekri, R., Millour, S., Merlo, M., Leblanc, J.-C., 

Guérin, T. (2013). Distribution and relationships of 

As, Cd, Pb and Hg in freshwater fish from five French 
fishing areas. Chemosphere, 90, 1900–1910.   

http://dx.doi.org/10.1016/j.chemosphere.2012.10.015 

Official Gazette of Montenegro (2009). Regulation of 

permitted levels of trace metals, mycotoxins and other 

substances in food. No 81/2009. 
Official Gazette RS (2011). Regulation on quantity of 

pesticides, metals, metalloids, and other toxic 

substances, chemotherapeutics, anabolics, and other 

substances which can be found in food. No 28/2011. 

Petkovšek, S.A.S., Grudnik, Z.M., & Pokorny, B. (2012). 
Heavy metals and arsenic concentration in ten fish 

species from the Šalek lakes (Slovenia): assessment of 

potential human health risk due to fish consumption. 

Environmental Monitoring and Assessment, 184, 

2647-2662.  http://dx.doi.org/10.1007/s10661-011-
2141-4 

Qiao qiao, C., Guangwei, Z., & Langdon, A. (2007). 

Bioaccumulation of heavy metals in fishes from Taihu 

Lake, China. Journal of Environmental Science,  19, 

1500-1504. 
http://dx.doi.org/10.1016/s1001-0742(07)60244-7 

Rennie, M.D., & Verdon, R. (2008). Development and 

evaluation of condition indices for the lake 

whitefish. North American Journal of Fisheries  

Management, 28(4), 1270–1293.  
http://dx.doi.org/10.1577/m06-258.1 

ROYAL HASKONING (2006). Lake Shkoder 

Transboundary Diagnostic Analysis (Albania & 

Montenegro), Final Report. GEF/World Bank, 

LSIEMP, 154 pp. Retrieved from: 
http://www.gov.me/files/1248091671.pdf 

Scerbo, R., Ristori T., Stefanini B., De Ranieri S.,  & 

Barghigiani C. (2005). Mercury assessment and 

evaluation of its impact on fish in the Cecina River 

basin (Tuscany, Italy). Environmental Pollution,  135, 
179–186.  

http://dx.doi.org/10.1016/j.envpol.2004.07.027 

Usero, J., Gonzalez-Regalado, E., & Gracia, I. (1996). 

Trace metals in the bivalve mollusc Chamelea gallina  

from the Atlantic Coast of Southern Spain. Marine 
Pollution Buletin, 32(3), 305-310.   

http://dx.doi.org/10.1016/0025-326x(95)00209-6 

Usero, J., Gonzalez-Regalado, E., & Gracia, I. (1997). 

Trace metals in the bivalve molluscs Ruditapes  

decussatus and Ruditapes philippinarum from the 

Atlantic Coast of Southern Spain. Environment 
International, 23(3), 291–298.  

http://dx.doi.org/10.1016/s0160-4120(97)00030-5 

Vizi, O. (1981). Ornithofauna of Lake Skadar.  In: G. 

Karaman & A. Beeton (Eds.), Biota and Limnology of 

Lake Skadar (pp. 391-413). University Veljko 
Vlahovic, Titograd; Washington, D.C: Smithsonian 

Institution, 468 pp. 

Wiener, J.G., Krabbenhoft, D.P., Heinz, G.H., & 

Scheuhammer, A.M. (2003). Ecotoxicology of 

mercury. In D.J. Hoffman, B.A. Rattner, G.A. Burton, 
Jr. & J. Cairns (Eds), Handbook of Ecotoxicology (pp. 

409–464). CRC Press, Boca Raton, FL. 1312 pp. 

http://dx.doi.org/10.1201/9781420032505.ch16 

Williams, L., Schoof, R.A., Yager, J.W., & Goodrich-

Mahoney, J.W. (2006). Arsenic bioaccumulation in 
freshwater fishes. Human and Ecological Risk 

Assessment, 12, 904-923. 

http://dx.doi.org/10.1080/10807030600826821 

Wood, C.M, Farell, A.P., & Brauner, C.J. (2011). 

Homeostasis and Toxicology of Non-Essential 
Metals. Fish Physiology, 31, Elsevier, 531 pp.   

http://dx.doi.org/10.1016/c2009-0-01980-1 

Wyse, E.J., Azemard, S., & Mora, S.J. (2003). Report on 

the World-wide Intercomparison Exercise for the 

Determination of Trace Elements and Methylmercury 
in Fish Homogenate IAEA-407. IAEA/AL/144, 

IAEA/MEL/72, IAEA, pp. 94. Retrieved from 

http://www.iaea.org/nael/refmaterial/iaea407.pdf 

Yancheva V., Stoyanova, S.,  Velcheva, I.,   Petrova, S.,  & 

Georgieva, E. (2014). Metal bioaccumulation in 
common carp and rudd from the Topolnitsa reservoir, 

Bulgaria. Archives of Industrial Hygiene and 

Toxicology, 65, 57-66.  

http://dx.doi.org/10.2478/10004-1254-65-2014-2451 

Yi, Y.J., & Zhang, S.H. (2012). Heavy metal (Cd, Cr, Cu, 
Hg, Pb, Zn) concentrations in seven fish species in 

relation to fish size and location along the Yangtze 

River. Environmental Science and Pollution 

Research, 19, 3989–3996. 

http://dx.doi.org/10.1007/s11356-012-0840-1 
Yılmaz, F., Ozdemir, N., Demirak, A., & Tuna, A.L. 

(2007). Heavy metal levels in two fish species 

Leuciscus cephalus and Lepomis gibbosus. Food 

Chemistry, 100(2), 830-835. 

http://dx.doi.org/10.1016/j.foodchem.2005.09.020 


