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Toxic and essential metal concentration of freshwater fishes from Pyasachnik Dam, Bulgaria

K. Peycheva*, V. Panayotova, L. Makedonski, M. Stancheva

Department of Chemsitry, Faculty of Pharmacy, Medical University of Varna, 55 Marin Drinov, 9000 Varna, Bulgaria

Abstract. The aim of the present study is to evaluate the concentration of some toxic (As, Hg, Pb, Cd and Ni) and essential elements (Zn, Cu, Fe, Cr and Mn) 
inedible part of three fresh water fish species collected from Pyasachnik Dam during 2010. The species analyzed were silver carp (Hypophthalmichthys 
molitrix), grass carp (Ctenopharyngodon idella) and European carp (Cyprinus Carpio). The results were expressed as mg/kg wet weight. Common crap 
species were differentiated from the other three species by high concentration of Zn (11 mg/kg wet weight), Fe (7 mg/kg wet weight) and As (0.58 mg/kg wet 
weight) in muscle tissues. Concentrations of the analyzed elements were within the limits set from various health organization (FAO/WHO, EU and Bulgarian 
Food Codes) and are at acceptable levels for human consumption. Additionally the results obtained in this study were compared with those reported in other 
studies and they clearly demonstrated that the analyzed fish samples from Pyasachnik dam do not faced metal pollution in particular areas for toxic (As, Hg, Pb, 
Cd and Ni) and essential elements (Zn, Cu, Fe, Cr and Mn). 

Keywords: fish, toxic and essential elements, Mercury Analyzer

Introduction essential element content of fish from different water damps used for 
various consumer purposes from Bulgaria. The data related to 
heavy metals pollution in aquatic organism are mainly found for Fish are ideal indicators of heavy metal contamination in 
fishes and marine products caught from Bulgarian part of Black Sea aquatic systems. As the final link of the food chain in the aquatic 
(Stancheva, 2010a, 2010b, 2012; Makedonski, 2011)environment, fish are an important indicator of contamination by a 

The purpose of this study was to evaluate the concentration of number of substances, including metals (Svobodová et al., 1996). 
some toxic (As, Hg, Pb, Cd and Ni) and essential elements (Zn, Cu, Fish are unique among the vertebrates, because of the potential for 
Fe, Cr and Mn) in edible part of three fresh water fish species metal acquisition from the water (Svobodová et al., 1996; Bury et al., 
collected from Pyasachnik Dam which may pose risks to human 2003). Contamination alters their health, size, age structure, and 
health.number of species found in the aquatic system. Some heavy metals 

accumulate in tissue and may pose a health risk to those who 
frequently consume fish. Evaluation of these effects is important 

Material and methodsfrom four points of view–toxicological, ecological, human health, and 
breeding (Svobodová et al., 1996).

Fish respond sensitively to an increase of concentration of The Pyasachnik Dam (B: 42° 24' 37.0" and L: 24° 33' 03.0") is 
contaminants (metals, organic pollutants) in water. The located in west-east part of Upper Thracian Plain near by the town of 
accumulation level of metals in organs and tissues of fish depends Plovdiv. Its purpose is to accumulate water to ensure continuous 
upon taxonomic belonging of the fish species, age patterns, their minimum flow rates and to provide water for agricultural irrigation. 
physical-biochemical characteristics and chemical status of the The reservoir serves also to decrease flow rates during floods. 
environment they live (Pantelica, 2012).The advantages of using Fishes from this reservoir are obtained both by recreational and 
fish in biomonitoring programs are the following: they are good commercial fishing and are used for human consumption purposes.
indicators of long-term (several years) effects and broad habitat The fishes for analysis were caught in the Autumn of 2010 at the 
conditions because they are relatively long-lived and mobile; they end of feeding period. A total of 15 fish of 3 species were caught and 
are easy to collect and identify to the species level; fish tend to evaluated by standard methods used in ichthyology (standard length 
integrate effects of lower trophic levels and thus fish assemblage and weight measurements). The species analyzed were Silver carp 
structure is reflective of integrated environmental health (Pantelica, (Hypophthalmichthys molitrix), Grass carp (Ctenopharyngodon 
2012). idella) and European carp (Cyprinus Carpio). After recording the 

Heavy metals can be classified as potentially toxic (arsenic, biometric data, the samples of fish muscles were obtained from the 
cadmium, lead, mercury, nickel, etc.), probably essential (vanadium, left side of fish body in dorsal part, without skin and bones. 
cobalt) and essential (copper, zinc, iron, manganese, selenium) Approximately 1 g sample of muscle from each fish were dissected, 
(Munoz-Olivas and Camara, 2001). Toxic elements can be very washed with distilled water, weighted, packed in polyethylene bags 
harmful even at low concentration when ingested over a long time and stored at  -18°C until chemical analysis (Table 1).
period. The essential metals can also produce toxic effects when the All solutions were prepared with analytical reagent grade 
metal intake is excessively elevated (Celik and Oehlenschlager, chemicals and ultra-pure water (Milli-Q millipore, 18 MΩ cm 
2007; Schroeder, 1973). resistivity) generated by purifying distilled water with the Milli-QTM 

There is limited information in the literature on toxic and PLUS system. HNO  was of suprapur quality was purchased from 3

* e-mail: peytcheva@hotmail.com
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®, Fluka Germany. All the plastic and glassware were cleaned by stages program described below (Table 3).
soaking in 2 M HNO  for 48 h, and rinsed five times with distilled Determination of As, Pb, Cd, Cr and Ni were performed using 3

Perkin Elmer (Norwalk, CT, USA) Zeeman 3030 Electrothermal water, and then five times with deionised water prior to use.The stock 
−1 Atomic Absorption Spectrophotometer with an HGA-600 atomizer. standard solutions of Cd, As, Ni and Pb (1000 μg mL ) were Titrisol, 

Pd as (NH ) PdCl  was used as modifier for ETAAS measurements Merck in 2% v/v HNO  and were used to prepare calibration 4 2 43

of As and Cd. Pyrolytic graphite – coated graphite tubes with standards.
integrated platforms were used as atomizers (Table 4). Fish samples are thoroughly washed with Milli-Q (MQ) water. 
Determination of Hg was done by Milestone Direct Mercury Analyzer The fish specimens were dissected and samples of fish fillets quickly 
DMA-80  and Perkin Elmer Zeeman 1100 B Flame Atomic removed and washed again with MQ water. To assess the total metal 
Absorption Spectrometrer with an air/acetylene flame were contents, microwave assisted acid digestion procedure was carried 
employed for Cu, Fe, Mn and Zn.out. Microwave digestion system “Multiwave”, “Anton Paar” 

The whole data were subjected to a statistical analysis. delivering a maximum power and temperature of 1000 W and 
Student's-test was employed to estimate the significance of values. 300°C, respectively, and internal temperature control was used to 

assist the acid digestion process (Table 2).
Reactors were subjected to microwave energy at 800 W in five 

Results and discussion

The concentration As, Hg and Pb in each of the three analyzed 
fish species are presented in  The accumulation patterns 
tend to vary among species based on their behavior and feeding 
habits.

European carp is mainly bottom dwellers but search for food in 
the middle and upper layers of the water body. Carp are omnivorous, 
with a high tendency towards the consumption of animal food, such 
as water insects, larvae of insects, worms, molluscs, and 
zooplankton. Sliver carp are filter feeders eating phytoplankton, 
zooplankton, bacteria, detritus and grazing aquatic vegetation. They 
live in freshwaters that are standing or slow flowing. The Silver carp 
swim just below the waters surface and are often disturbed by boat 
motors and will jump from the water when startled. Grass carp 
inhabits lakes, rivers and reservoirs. It is a basically herbivorous fish 
that naturally feeds on certain aquatic weeds. However, the larvae 
feed on zooplankton. Grass carp normally dwell in mid-lower layer of 
the water column. Comparatively, it prefers clear water and can 
move swiftly. 

(Figure 1)

Figure 2.

Table 1. Biometric data (mean ± SD) of fish from Pyasachnik Dam

Sample Sampling season, year n Weight, g Length, cm

Silver carp (Hypophthalmichthy smolitrix)

Grass carp (Ctenopharyngodon idella)

European carp (Cyprinus Carpio)

Autumn 2010

Autumn 2010

Autumn 2010

5

5

5

2921.1 ± 32.2

2595.3 ± 18.5

1428.8 ± 25.5

59.5 ± 0.6

55.0 ±1.4

42.3 ± 5.4

Table 3. Microwave digestion system operational
parameters

1
2
3
4
5

100
600
600
800

0

5
5
5

15
15

Step Initialpower, W Time, min Final power, W Fan

600
600
800
800

0

1
1
1
1
3

Table 2. Microwave digestion system general parameters

HNO3

Temperature (max)
Pressure (max)
Quartz vessels
Sample amount
Final volume

36.5 cm
300°С
75 bar
HQ 50
1 g
10 ml

Microwave digestion system “Multiwave”, “Anton Paar” Acid mixture

Table 4. Instrumental parameters for HGA 600

* - modifier Pd as (NH ) PdCl4 2 4

Parameter Drying

Element

Ashing

Ashing

Atomization

Optimal atomization

Cleaning

Cleaning

Temperature, °C
Ramp time, s
Hold time, s
Read

-1Ar flow, ml min

150
10
10

300

var
20
60

300

var
0

on
0

var
1
2

300

2300

2500

2000

2400

2100

2200

2400

1900

2300

2000

1000

1200

400

1100

500

As*

Cr

Cd*

Ni

Pb
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Mercury (Hg) is highly toxic in metabolically active tissues even permitted levels of Hg is 0.5 mg/kg fresh wet which is much less than 
at low amounts. Mercury is converted to methylmercury, which may the results obtained from this research. 
cause a high ecotoxicological risk for aquatic organisms (Pelletier et Arsenic is ubiquitous in nature and humans are subject to 
al.,1995). It follows from the results obtained that the highest numerous exposure sources: environmental, dietary, occupational, 
mercury concentrations were found in Common carp (0.11 mg/kg accidental etc. There is a great concern about exposure ofvery large 
w.w). From among non-predatory fish species, the lowest mercury human populations to elevated As doses, mainly from natural 
concentrations were found in Grass carp (0.07 mg/kg w.w). Many sources such as contaminated drinking water (Mattusch et al., 2005; 
authors have noted higher mercury concentrations in predatory fish Ng, 2005) and various food products (Phillips, 1990; Cullen et al., 
species (Maršálek et al., 2006; Svobodová et al., 1996). The 1989). Fish could be a major source of total arsenic exposure for 

−1mercury burden in predatory fish is greater. Because of poor man, since it contains mg kg  As levels that could spread up to tens 
−1 mercury biodegradability in body tissues, Hg concentrations and even hundreds of mg kg (Edmonds et al., 1993). Toxicity of 

increase with the higher position ofthe species in the food chain different As species in fish samples is highly dependent on their 
(Svobodová et al., 1996). Predatory fish, particularly older (6–12 oxidation states and chemical forms. Arsenic and its chemical forms 
years of age) and heavier individuals, may serve as a suitable cause acute and chronic toxicity and turn minor disorders into cancer 
indicator of mercury contamination in the given biotope (Cibulka et and even death (D'Ilio et al., 2002; Bhattacharya et al.,2007; U.S. 
al., 1991). According to Regulation 31 (2004), the maximum EPA/625/R-03/010, 2003).

The lowest and highest arsenic content in fish species were 
found as 0.11 mg/kg wet weight in Silver carp and 0.99 mg/kg wet 
weight in Grass carp. The maximum arsenic level permitted for 
fishes is 1.0 mg/kg according to Australia standard (Australia New 
Zealand Food Authority, 1998). In the literature arsenic levels in fish 
samples have been reported in the range of 1.01–15.2 mg/kg in 
fresh water fish species (Shah et al., 2009) and 0.02–1.72 mg/kg wet 
weight in canned fishes (Ikem and Egiebor,2005). The provisional 
tolerable weekly intake (PTWI) for inorganic arsenic indicated by the 
Joint FAO/WHO (1989) Expert Committee on Food Additives is 
0.015 mg/kg body mass/week. 

Lead (Pb), in the bivalent form, is a stable element that is mainly 
bioaccumulated by aquatic organisms. The primary mode of lead 
uptake in freshwater fish is through the gill into the bloodstream. The 
effect of toxicity of lead depends on the life stage of the fish, pH, 
water hardness, and the presence of organic materials (Hellawel, 
1986). The minimum and maximum lead levels observed were 0.03 
mg/kg in Common carp and 0.07 mg/kg in Silver carp. The 
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Figure 1: Total mercury determination in fish by DMA-80

 

 

 

  
 

 

Figure 2. The mean heavy metal concentration of As,
Hg and Pb (mg/kg w.w ± SD) in the tissues of the 
analyzed fish species.
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of Stara Zagora, Bulgaria. The maximum nickel level permitted for 
fishes is 0.50 mg/kg according to Regulation 31 (Anonymous, 
2004).The WHO (World Health Organization, 1994) recommends 
100–300 μg nickel for daily in take. Our results are in good 
agreement with the data from the literure and the maximum 
permitted levels set by various organizations. 

Cadmium (Cd) is a nonessential element that causes severe 
toxic effects in aquatic organisms in very low concentrations 
(Sorensen et al., 1991). The maximum cadmium level permitted for 
fish samples is 0.05 mg/kg according to Bulgarian Food Codex 
(Anonymous, 2004). The maximum cadmiumlevel permitted is 0.5 
mg/kg for FAO (1983) and 0.2 mg/kg for MAFF (1995). Generally, 
cadmium levels in analyzed fish samples were found to be lower 
than legal limits. The lowest and highest cadmium content in fish 
species were found as 0.006 mg/kg in Grass carp and 0.007 mg/kg 
in Common and Silver carp. In the literature cadmium levels in fish 
samples have been reported in the range of 0.005 – 0.01 mg/kg dry 
weight in fish species from Danube River (Serbia) (Subotic et al., 
2013), 0.0085 mg/kg dry weight in muscle tissues of starlet from 
Serbian part of Danube River (Jaric et al., 2011) and up to 0.01 

maximumlead level permitted for fishes is 0.2 mg/kg according to 
mg/kg dry weight in muscle of five fish species from Vĕstonice 

Bulgarian Food Codex (Anonymous, 2004). The maximum lead 
Reservoir, Czech Republic (Kenšova et al., 2010).

level permittedis 2.0 mg/kg for WHO (1996) and 0.5 mg/kg for FAO 
 represents the concentration of essential Zn and Fe in 

(1983). Lead contents in the literature have been reported in the 
each of the three analyzed fish species. Zinc (Zn) isan essential 

range of 0.012-0.06 mg/kg in fish species from Věstonice Reservoir, 
nutrient for aquatic organisms but in excess may become an 

Czech Republic (Kenšova et al., 2010) and 0.47 – 1.07 2 mg/kg wet 
environmental contaminant. The most important route of zinc 

weight for samples from Tuzla Lagoon, Turkey (Dural et al., 2007). 
absorption is the intestine (Glover et al., 2003). Water hardness 

Generally, lead levels in analyzed fish samples were found to be 
decreases accumulation of zinc in whole fish body and thus reduces 

lower than legallimits.
the acute toxicity of zinc (Everall et al., 1989). The recommended 

The concentration of the toxic Cd and Ni in each of the three 
daily intakes of zinc and copper are 15 mg Zn for adult males and 12 

analyzed fish species are presented in . Nickel (Ni) is a 
mg Zn for adult females (Anonymous, 1991). The lowest and highest 

naturally occurring element in water (Snodgrass, 1980). The toxicity 
zinc values were found 4.8 mg/kg wet weight in Silver and Grass 

of nickel to aquatic life is generally low and varies significantly with 
Carp and 11mg/kg wet weight in Common carp. Zinccontents in the 

species, pH, and water hardness (Birge et al., 1980). Increased 
literature have been reported in the range of 7.91 – 54.70  mg/kg dry 

concentrations of nickel may cause sublethal effects. The lowest and 
weight in fish species from Danube River (Lenhard et al., 201) and 

highest nickel levels in fish species were foundas 0.013 mg/kg in 
62.554 – 68.224 mg/kg dry weight in male and female species of 

Silver carp and 0.008 mg/kg Grass and Common carp. Nickel 
Pontic shad from Danuve River (Serbia) (Visnjic-Jeftic at al., 2010). 

contents in the literature have been reported in the range of 
The maximum zinc level permitted for fishes is 50 mg/kg according 

0.11–12.88 mg/kg dry weight in fish species from Iskenderun Bay, 
to Bulgarian Food Codex (Anonymous, 2004).The maximum zinc 

Northern East Mediterranean Sea, Turkey (Turkmenetal., 2005), 
level permitted is 30 mg/kg for FAO (1983) and 50 mg/kg for MAFF 

0.51 mg/kg in fish feed (Ikem andEgilla, 2008), 0.02–3.97 mg/kg in 
(1995).

sea foods from Marmara, Aegean and Mediterranean seas inTurkey. 
Iron (Fe) is essential for cellular respiration in animals and 

Nickel does not appear to concentrate in fish muscles as it was 
photosynthesis in plants, and is an integral cofactor of ribonucleotide 

stated by Atanasov et al. (2012) in their study performed in the region 
reductase. Iron is a vital micronutrient for the teleost fish, being an 

Figure 4

Figure 3

Figure 3. The mean heavy metal concentration of
Cd and Ni (mg/kg w.w ± SD) inthetissues of the 
analyzed fish species. 
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Figure 5. The mean heavy metal concentration of
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Figure 4. The mean heavy metal concentration of 
Zn and Fe (mg/kg w.w ± SD) inthetissues of the 
analyzed fish species. 
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integral component involved in cellular respiration and oxygen Reference 
transfer (Bury, 2003). The minimum and maximum iron levels 
observed were 1.6 mg/kg dry weight in Grass carp and 7mg/kg dry Anonymous, 1991. Empfehlungen für die Nährstoffzufuhr. 
weight in Common carp. Iron contents in the literature have been Deutsche Gesellschaftfür Ernährung, Germany, 72-75.
reported in the range of 39.845–41.185 mg/kg dry weight in Pontic Anonymous, 2004. Regulation 31, Darjaven Vestnik, 08 October 
shad from Serbia (Visnjic-Jefticet al., 2010) and under 0.01 mg/kg 2004, 88.
dry weight for five fish species from Vĕstonice Reservoir, Czech Atanasov V, Valkova E, Kostadinova G, Petkov G, Georgieva N, 
Republic (Kenšova et al., 2010). There is no information about Yablanski Ts and Nikolov G, 2012. Study on levels of some heavy 
maximum iron levels in fish samples in Bulgarian standards metals in water and liver of carp (Cyprinus carpio L.) from water 
(Anonymous, 2004). The RDA of ironfor 7–12 months in fants and bodies in Stara Zagora region, Bulgaria. Agricultural Science and 
males/females 51–70 yearsis 11 and 8 mg/day, respectively (Ikem Technology, 4, 321-327.
and Egiebor, 2005). Australia New Zealand Food Authority, 1998. Food Standards 

 represents the concentration of essential Cu, Cr and Code. Standard A 12, 37.
Mn in each of the three analyzed fish species. Manganese (Mn) isan Bendell-Young LI and Harvey H, 1986. Uptake and tissue 
essential micronutrient that does not occur naturallyin aquatic distribution of manganese in the white sucker (Catostomus 
ecosystems. Although manganese is not a significant pollutant commersoni) undercondition of low pH. Hydrobiologia, 133, 117-
(Hellawel et al., 1986), it is one of the first metals that increase in 125.
concentration in acidified waters (Bendell-Young et al., 1986). The Bhattacharya P, Welch AH and Stollenwerk KG, 2007. Arsenic in 
minimum and maximum manganese levels observed were 0.04 the environment: Biology and Chemistry Science of the Total 
mg/kg in Grass carp and 0.08 mg/kg in Common carp. Manganese Environment, 379, 109-20.
contents in the literature have been reported in the range of Birge WS and Black JA, 1980.Aquatic toxicology of nickel. In Nickel 
1.56–3.76 mg/kg dry weight in fish samples of the middle Black Sea in the Environment,Nriagu, J.O., Ed. Wiley& Sons: New York, 349-
(Turkey) (Tuzen, 2003), 1.47 – 1.49 mg/kg dry weight in various fish 366.
samples from the Danube River (Lenhardt et al., 2012), 0.112 – Bury NR, Walker PA and Glover CN, 2003. Nutritive metal uptake 
1.201 mg/kg wet weight in L. cephalus and L. gibbossus from in teleost fish. Journal Experimental Biology, 206, 11-23.
Saricay, South-West Anatolia, Turkey (Yilmaz et al., 2007). Čelechovská O, Svobodová Z, Žlábek V and Macharáčková B, 
According to both FAO (1983) and Bulgarian standards 2007: Distribution of metals in tissues of the common carp (Cyprinus 
(Anonymous, 2004), there is no information on the carcinogenicity of carpio L.). Acta Veterinaria, Brno, 76, 93-100.
manganese. The US National Academy of Sciences (1980) Celik U and Oehlenschlager J, 2007. High contents of cadmium, 
recommend 2.5–5 mg day manganese and, the WHO (World Health lead, zinc and copper in popular fishery products sold in Turkish 
Organization, 1994) recommend 2–9 mg day for an adult. The intake supermarkets. Food Control, 18, 258-261.
of Mn in our investigated samples is well below the tolerable daily Cibulka J, Domažlická E, Kozák J, Kubizňáková J, Mader P, 
upper limit of 11 mg per day. Machálek E, Maňkovská B, Musil J, Pařízek J, PíšaJ, Pohunková 

Copper (Cu) in fish from unpolluted water is absorbed mainly H, Reisnerová H and Svobodová Z, 1991. Pohybolova, kadmia a 
from food (Ogino et al., 1980).The lowest and highest copper levels rtuti v biosféře (Movement of lead, cadmium and mercury in the 
in fish species were found as 0.32 mg/kg in Grass carp and 0.87 biosphere). Academia Praha, 83-104.
mg/kg in Silver carp. In the literature copper levels in fish samples Cullen WR and Reimer KJ,1989. Arsenic speciation in the 
have been reported in the range of 0.11–0.97 mg/kg in Northeast environment. Chemistry Review, 89, 713-764.
Atlantic (Celik and Oehlenschlager, 2004) and 0.065-0.572 mg/kg D'Ilio S, Alessandrelli M and Cresti R, 2002. Arsenic content of 
wet weight in L. cephalus and L. gibbossus from Saricay, South- various types of rice as determined by plasma-based techniques. 
West Anatolia, Turkey (Yilmaz et al., 2007).Our copper values are in Microchemical Journal,73, 195-201.
agreement with literature values. The maximum copper level Dural M, Ziya Lugal Göksu M and Akif Őzak A, 2007. Investigation 
permitted for fishes is 10 mg/kg according to Regulation 31 of heavy metal levels in economically important fish species 
(Anonymous, 2004). The maximum copper level permitted is 30 captured from the Tuzla lagoon. Food Chemistry, 102, 415-421.
mg/kg for FAO (1983) and WHO (1996) and 20 mg/kg for MAFF Edmonds JS and Francesconi KA, 1993. Arsenic in seafoods: 
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