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Study on levels of some heavy metals in water and liver of carp (Cyprinus carpio L.) from 
waterbodies in Stara Zagora region, Bulgaria
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Abstract. The concentrations of 8 elements (Fe, Mn, Cu, Cr, Ni, Zn, Pb and Cd) were determined in the water and liver by common carp (Cyprinus carpio L.) 
from 6 waterbodies in Stara Zagora region using atomic absorption spectrometry. Despite having a reputation for being heavily polluted, the investigated 
waters were not heavily burdened with examined metals. Our results suggest that fish liver were accumulating elements in the same manner such are 
increasing metal concentrations in waterbodies. Heavy metals concentrations were highest in the water and carp liver from Zagorka Lake and Ovcharitsa Dam, 
and especially of the Pb did exceed established quality standards for fish. Because the liver accumulates highest levels of heavy metals, it may to be use as an 
important biological indicator for ecological monitoring of the fish inhabiting waterbodies.

Keywords: waterbodies, carp, liver, heavy metals

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 4, No 3, pp 321 - 327, 2012

2004; 2006). Some fish are extremely sensitive by change at even Introduction
only one parameter. Therefore, this fluctuation of parameters may 
even at short pic deviations to be fatal to fish organism or gamete. In Heavy metals are a group of elements with a mass density 

3 this aspect the hydrobionts may to be used as an important greater than 4.5 g/cm , which tend to form simple cations in water 
biological marker to determine of eventually hydroecosystem solutions, and are important contaminants of aquatic environments 
pollution (Atanasov et al., 1999). Theoretically this fluctuation may worldwide (Sevcikova et al., 2011). This pollution has increased with 
be occurrence between two sample collections and it not to be the technological progress of industry, mining, advanced agriculture, 
registered by water control institutions. In this aspect, contemporary household waste and motor traffic.  All of these human activities 
conception of the hydroecosystems complete monitoring includes considered to be major sources of heavy metal pollution. On the 
permanent control of indicative hydro- and biochemical parameters other hand, decomposition of heavy metals in water is a very slow 
(Atanasov et al., 2011). As well as have specific biochemical process and they cannot be detoxicated by metabolic processes. 
mechanisms to be accumulated of some heavy metals and The contamination chain of heavy metals almost always follows the 
xenobiotics in tissue and gametes (Atanasov et al. 1999), metals are cyclic order: industry and agriculture, atmosphere, soil, water, 
important inducers of oxidative stress in aquatic organisms, phytoplankton, zooplankton, fish, and human (Kadar et al., 2000; 
promoting formation of reactive oxygen species and assessment of Luoma and Rainbow, 2008). Due to the fact that heavy metals are 
oxidative damage to cells (Farombi, 2007; Livingstone, 2003; persistent and toxic, they tend to bioaccumulate and pose a risk to 
Lushchak, 2011; Sevcikova et al., 2011). It has not actual view about fish, humans and ecosystems (Szefer, 2002; Rainbow, 2002).  
water pollution at Sara Zagora region and its influence on aquatic At last decades it has been shown that water metal 
organisms. concentration is positively correlated with concentrations in fish 

The aim of the present study was to evaluate the level of 8 tissues (Svobodova et al., 1996). The level of heavy metal 
heavy metals in water and liver of carp (Cyprinus carpio L.) from bioaccumulation in fish tissues is influenced by many factors, such 
waterbodies in Stara Zagora region, Bulgaria.as fish habitat, chemical form of the elements in waterbody, water 

temperature and pH value, dissolved oxygen concentration, and 
some biological influences, as well as fish age, gender, body mass, 
and physiologic conditions (Svobodova et al., 1996; Dvorakova Material and methods
1998; Žlabek et al., 2002a, 2002b; Plačkova et al., 2003). Metals can 
accumulate in aquatic organisms, including fish, and persist in water Study area. Object of the study were six waterbodies from Stara 
and sediments (Luoma and Rainbow, 2008). Some fish organs and Zagora region: Jrebchevo Dam, Nikolaevo Municipality; Zagorka 
tissues tend to accumulate particular heavy metals (Ashraj, 2005). Lake, Stara Zagora Municipality; Chirpan Dam, Chirpan 
Many biochemists suggest that muscles are not always the best Municipality; Zetyovo Dam, Chirpan Municipality; Opan Dam, Opan   
indicator of whole fish body contamination (Has-Schön et al., 2006). Municipality and Ovcharitsa Dam, Radnevo Municipality /Figure 1/.
Therefore, to judge about fish intoxication by heavy metals, it is Investigated indicators. In water and carp liver (Ciprinus carpio 
recommended to analyze other tissues also, preferably liver, gills, L.) samples, taken from the studied waterbodies, the following 
gonads and kidneys (Pujin et al., 1996; Nastova-Giorgioska et al., elements were investigated: iron (Fe), manganese (Mn), copper 
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Figure 1. Map of tara Zagora region
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u , chromium r , nickel Ni , zinc Zn , lead Pb  and cadmium and zinc in surface ater sam les ere carried out in gra hite tube 
d . or flame de ending on the concentration of these elements , at a 
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car  liver sam les ere examined in the laboratories of the Scientific iron concentration. Test results are measured at   nm.
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Figure 4. Iron content in water from different 
waterbodies.
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Figure 5. Iron content in carp liver from different 
waterbodies.
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Figure 2. Manganese content in water from different 
waterbodies
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Figure 3. Manganese content in carp liver from different 
waterbodies.
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The device was periodically tested with known standards. An subsequent period. At this aspect accumulation of the heavy metals 
air-acetylene flame and hollow cathode lamp for all samples were in fish liver is a reliable biochemical indicator for hydro ecosystem 
used. Calibration curves were prepared using dilutions of stock pollution. The concentrations of the heavy metals in water and carp 
solutions. The samples (water and carp liver) were registries three liver from investigated waterbodies are showed at the next Figures 
times and the mean values and the relative standard deviations were (2-17). 
calculated, except water samples from the Opan Dam and Manganese (Mn). The results of our research for manganese 
Ovcharitsa Dam. accumulation in water are sowed at Figure 2.  Analyzed water 

Water quality assessment. Ecological assessment of the quality samples indicate that with high levels of this element are 
of the surface water from studied waterbodies was carried out on characterized the waterbodies Chirpan Jrebchevo, Zetyovo and 
limit values of concentration for heavy metals, stipulated in the Zagorka. In none of the measured samples maximal allowed 
Regulation № 13/2007 and Regulation № 7/1986. concentration (MAC) has not reached. Manganese content in carp 

Statistical analysis. Statistical processing of the results was liver from different waterbodies showed at Figure 3. Because in the 
computed by the program STATISTICA using ANOVA test. world have not clear reference (in Bulgarian standard absence of 

maximal allowed concentration too) for Mn in fish liver, it is difficult to 
interpret this data.  Manganese belongs to the essential elements, 
with habitually higher concentrations in liver than in muscle tissue.  

Results and discussion Mn functions presumably are as cofactor for the activation of a 
number of enzymes (Sures et al., 1999). Our investigation 

The modern idea of a comprehensive monitoring of the established highest levels of manganese in carp liver from Zetyovo 
hydroecosystems includes tracking of certain parameters both in the Dam, Zagorka Lake and Ovcharitsa Dam.
water and in the hydrobionts inhabiting it. In this connection it is Iron (Fe). As shown in Figure 4, concentrations of iron in water 
absolutely necessary to determine the quantity of the studied heavy samples are much lower than the MAC, stipulated in Regulation № 7 
metals in the water first, and then in the liver of aquabionts. The carp of Bulgarian legislation for the second category water. The highest 
liver is under high metabolic pressure, and through this organ measured levels were registered in the water of Jrebchevo Dam, 
passing sizable volumes blood and lymph. These biological liquors Zetyovo Dam, Chirpan Dam and Zagorka Lake again. Even though, 
supply any organic and inorganic components. Many scientists there is no official referenced concentration for Fe in fish, because in 
compare the liver with “universal biochemical laboratory”, and generally iron nutritious deficiency is most frequently than excess. It 
hepatocytes with “accumulators” of substances and energy for 



Figure 8. Copper content in carp liver from different 
waterbodies.
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Figure 9. Copper content in carp liver from different 
waterbodies.
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Figure 6. Chromium content in water from different 
waterbodies.

Figure 7. Chromium content in carp liver from different 
waterbodies.
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is found in organisms in important compounds like blood hemoglobin comparatively high. Cu is a component of some proteins associated 
or muscle myoglobin, as well as ferritin and hemosiderin in fish liver with the processing of oxygen in aerobic hydrobionts. In cytochrome 
(Sures et al., 1999). Our investigations did not show significant c oxidase, which is required for respiration, copper and iron 
differences concerning the dynamics of iron concentration. The cooperate in the reduction of oxygen. Copper is also found in many 
means of Fe levels of fish liver ranged between 32.10 mg/kg enzymes that detoxify superoxides (superoxide dismutases), by 
(Jrebchevo Dam) and 83.59 mg/kg (Zagorka Lake) (Figure 5). converting it to oxygen and hydrogen peroxide. We determined the 

Chromium (Cr). Like iron, although the content of chromium in same tendency about Cu contents in examined water and fish liver 
water does not exceed the accepted standards, the highest levels of from Stara Zagora region (Figures 8 and 9).
this metal were measured in waterbodies Zagorka, Chirpan and Zinc (Zn). The next measured heavy metal (Zn) is a trace 
Zetyovo (Figure 6). The water of Opan Dam distinguishes with element, necessary for all organisms. Although zinc is an essential 
higher concentration, too. requirement for good health, excess zinc is toxic to water plants and 

The range and mean of the Cr concentrations of carp liver are fish.  High zinc levels can be harmful, because excessive absorption 
show in Figure 7. Highest chromium values were detected in of Zn, suppresses copper and iron absorption. There is paucity in 
samples taken from Zagorka Lake, followed by Chirpan Dam and Bulgarian literature of adequate zinc water biomarkers, and the most 
Zetyovo Dam. These date correlated with Cr values in the water widely used indicator, liver zinc has poor sensitivity and specificity. 
(Figure 6). Water insoluble chromium (III) compounds are not The results of water samples analysis show multiple lower values of 
considered a health hazard, while the toxicity and carcinogenic zinc, compared to Bulgarian standard for MAC of surface waters. 
properties of chromium (VI) have been well known from a long time The levels of this element are comparatively higher in Jrebchevo 
(Barceloux, 1999). Dam, Zetyovo Dam and Chirpan Dam (Figure 10).

Copper (Cu). The similar is the tendency about accumulation Our investigation about Zn accumulation in carp liver, suggests 
and the next heavy metal (Cu) in the water and the carp liver from the highest concentration in fish from Zagorka Lake, Ovcharitsa 
studied waterbodies (Figures 8 and 9). The levels of in water Dam, Zetyovo Dam and Chirpan Dam (Figure 11). In this reason 
samples do not reach Bulgarian standard for MAC of water. The diagnosing zinc accumulation in fish liver, collected from Dams and 
most polluted waterbodies are Chirpan Zetyovo, Jrebchevo and Lakes in Ztara Zagora region, is a persistent challenge for 
Zagorka. The highest copper concentrations were measured in fish biochemists. On the other hand in Bulgaria have high reference 
samples collected from Zagorka Lake, Zetyovo, Ovcharitsa and about Zn content in fish tissue, probably for the sake of zinc nutrition 
Chirpan Dams, which values reaches or exceed Bulgarian standard deficiency. 
for MAC of fish. Because copper is an essential trace element in Lead (Pb). This element is non-essential, highly poisonous 
plants and animals, the maximal allowed concentration in fish is heavy metal, affecting almost every plant and fish in the water, which 
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Figure 15. Nickel content in carp liver from different 
waterbodies
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Figure 14. Nickel content in carp liver from different 
waterbodies
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Figure 13. Lead content in carp liver from different 
waterbodies.
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Figure 11. Zinc content in carp liver from different 
waterbodies.
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-1implies that it has no known function in biochemical processes. Our Croatia - 0.276±0.064 mg.kg  (Has-Schön et al., 2006). This is in 
investigation explains significant differences concerning the Zn agreement with our results with the mean of Pb concentrations.
accumulation, too. In most water samples we observed only traces Nickel (Ni). Although nickel plays important roles in the biology 
of lead. Only in the Zagorka Lake water is registered a concentration of water microorganisms and plants, excess Ni is toxic to all 
of 0.005 mg/l, which is also very low compared to the Bulgarian hydrobionts. A lot of nickel released into the environment ends up in 
regulatory requirements. The mean values for lead in carp liver from soil or sediment where it strongly attaches to particles containing 
examined waterbodies are showed at the Figure 13. These date iron or manganese. The results on our research show that with the 
clearly suggest that all liver samples content Pb higher than MAC in highest levels of nickel are characterized the waters of the Chirpan 
Bulgaria. The Pb levels in the carp liver are repeatedly higher than Dam, Zetyovo Dam, Jrebchevo Dam and Zagorka Lake. All means 
these data in the muscle (unpublished date at the same study).  Pb not reached MAC referenced in Regulation No.7/1986 (Figure 14).
was found to poorly accumulate in carp liver from Neretva River in The results of our research for nickel accumulation in carp liver 
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are sowed at Figure 15. Higher Ni concentrations are registered in metals levels in water show in a moment hydro ecosystems 
samples from waterbodies Zagorka, Chirpam and Zetyovo, but all condition, the fish liver is appear reliable retrospective biomarker 
means not reached MAC referenced in Regulation No.31. Nickel detecting past water pollution.  As an organ with highest metabolic 
does not appear to concentrate in fish muscles (unpublished date at pressure, the fish liver accumulate very intensive heavy metals, and 
the same study). Sensitivity to nickel may also be depending of pH suitable for using as an object of retrospective ecologic biochemical 
level in aqua habitat. Under acidic conditions, nickel is more mobile monitoring.
in soil and might seep into groundwater, but not accessible to 
hydrobionts.  In this aspect a nickel-tetrapyrrole coenzyme (cofactor 
F ) is present in the methyl coenzyme M reductase, which powers 430 Acknowledgments
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