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Abstract. In the present study our major aim was to evaluate the up-to-date contamination status of the 
Topolnitsa reservoir. It is located in a region with intensive copper mining, which has been constantly 
contaminated with metals in the last few decades. Thus, we measured As, Cd, Cu, Ni, Pb, and Zn 
concentrations in surface water samples, as well as, in liver of сommon carp in three different seasons – 
spring, summer, and autumn 2013. Furthermore, we also studied the carp response to the water quality by 
observing its hepatic morphological structure and measuring some biochemical parameters (LDH, ALAT, 
and ASAT activity). In general, metal concentrations in the water varied, but As, Cu and Ni were present in 
all the three seasons. Cu concentrations were above the maximum permissible levels set by law. Metal 
concentrations in the liver were significantly higher than in the water (p<0.05). In addition, we observed 
severe hepatic histological alterations, which included degenerative changes – granular degeneration, 
vacuolar degeneration, hydropic degeneration, and fatty degeneration; necrotic changes (necrobiosis) – 
karyopyknosis, karyorrexis and karyolysis, and necrosis; and changes in the blood vessels – hyperemia in 
sinusoids and major blood vessels. We found that LDH activity was inhibited in the common carp liver from 
the Topolnitsa reservoir compared to the reference fish, but ALAT and ASAT activity was significantly 
increased compared to the reference. Based on our findings we consider that the metal-contaminated waters 
of the Topolnitsa reservoir lead to negative changes at tissue and cellular level in the fish organism, which 
include altered structure and impaired functions of the liver. 
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Introduction 
 
Мetal pollution in the aquatic environment has 
become a global matter of concern because metals 
are toxic, persistent due to their chemical stability 
and poor degradation, and they also tend to ac-
cumulate and biomagnify in the aquatic organisms 
(Maceda-Veiga et al. 2012, Taweel et al. 2013, Is-
lam et al. 2014, Yap et al. 2015). According to Ma-
son (1991) and Olsvik et al. (2000) metal contami-
nation is one of the five major types of toxic pol-
lutants commonly present in surface waters, and 
the process of extracting ore through base metal 
mining operations can impact water quality and 
aquatic ecosystem health, respectively. Metals 
emanating either from natural sources or from an-
thropogenic activities interact with aquatic organ-
isms as mixture of more than one metals or in 
combination with organic pollutants (Pandey et al. 
2008). Thus, the interactive effect of contaminant 
mixtures is an active area of research because liv-
ing organisms are commonly exposed to mixtures 

of contaminants in natural environments (Løkke et 
al. 2013, Mendoza-Carranza et al. 2016). 

In the last few years it is more and more ac-
cepted that the detection and tracking of heavy 
metal pollutants is based on their detection in liv-
ing organisms (Czédli et al. 2014). Fish are key 
species in the aquatic environment and they are 
widely used to study the effects of various toxi-
cants on biological parameters by a large number 
of biomarkers, as well as, to monitor the health of 
aquatic ecosystems due to anthropogenic impacts 
(Oymak et al. 2009, Türkmen et al. 2010, Jarić et al. 
2011, Aboua et al. 2012, Antal et al. 2013). In addi-
tion, fish may concentrate metals in their tissues 
directly from the surrounding water, and also 
through their diet, enabling the assessment of pol-
lutant transfer through the tropic web (Moiseenko 
et al. 2008, Lenhardt et al. 2012, Qui 2015). 

Metal effects on fish can be studied at different 
levels of biological organization using various 
morphological and biochemical parameters. Histo-
logical alterations, for example have been exam-



E. Georgiev et al. 
 

262 

ined for decades in fish tissues and organs in or-
der to assess the metal effects (Hinton et al. 1992, 
Feist et al. 1994; Miandare et al. 2016). In addition, 
various responses of enzymes have been also ob-
served in fish exposed to metallic contaminants, 
which indicated an increase or a decrease in the 
activity depending on the dose, species, and route 
of exposure (Maria et al. 2009, De La Torre et al. 
2010, Tlili et al. 2010). 

In teleost fish the liver is one of the most fre-
quently utilized organs in bioaccumulation studies 
because it is a depot for storage and detoxification 
of metals. Thus, the pathological damage pro-
duced allows the toxicity of the environment to be 
defined (Stentiford et al. 2003, Karadede et al. 
2004, Lang et al. 2006, Engin 2015). 

The main objective of the present study is to 
provide current data on the ecological status of the 
Topolnitsa reservoir, which is located in a region 
subjected to continuous copper ore extraction in 
the last few decades. There is some information on 
metal levels on Topolnitsa River and its most con-
taminated tributaries due to the activities of the 
metallurgy plants and the mine tailings that are 
left behind (Yurukova & Gecheva 2008). Recently 
Georgieva et al. (2014), Georgieva et al. (2014), 
Yancheva et al. (2014), and Yancheva et al. (2014) 
provided data on the metal levels in the Topol-
nitsa reservoir water, which serves as a final sink 
for different types of contaminants, including un-
treated domestic effluents and agricultural runoff, 
carried with the river waters, and also in organs of 
three fish species (two Cyprinid fish and European 
perch). However, information on the ecological 
status of the artificial lake is relatively deficient. 
Histological and biochemical data on the native 
fish species are also relatively scarce. 

Thus, we aimed to measure the metal (As, Cd, 
Cu, Ni, Pb, and Zn) concentrations in surface wa-
ter samples and common carp (Cyprinus carpio L.) 
liver, which is the main organ for metal accumula-
tion and detoxification. We also aimed to investi-
gate how water quality reflects on fish health by 
observing the morphological structure and meas-
uring the enzymatic activity of LDH, ALAT and 
ASAT in the liver, and see if there are any seasonal 
differences. Lastly, we aimed to study the possibil-
ity of applying the methods used in order to assess 
the ecological status of freshwater ecosystems un-
der metal exposure. 
 

 

Materials and Methods 
 
Abbreviations 
As, arsenic; Cd, cadmium; Cu, copper, Ni, nickel; Pb, 
lead; Zn, zinc; LDH, lactate dehy-drogenase; ALAT, 
alanine transminase; ASAT, aspartate aminotransferase. 
 
Study area 
The study was carried out in the spring, summer, and au-
tumn 2013 in the Topolnitsa reservoir (42° 25' 90'' N 23° 
59' 38'' E), which is built across Topolnitsa River. The 
river is about 150 km long and it is among the important 
tributaries of Maritsa River   ̶  one of the big rivers on the 
Balkan peninsula. The studied region of Topolnitsa River 
Basin, located in the West Central Bulgaria, has histori-
cally been under copper production industry impact. It 
houses the leading copper smelter in the country founded 
in 1958 (Aurubis Bulgaria AD). Industrial effluents 
(loaded with As, Cd, Cu, Ni, Pb, Zn, etc.) are released into 
major north tributaries (Zlatishka and Pirdopska rivers). 
These tributaries suffer also from untreated domestic ef-
fluents from two towns (Zlatitsa and Pirdop), each having 
about 10.000 habitants. The third north tributary – Slavtsi 
River – was influenced by long atmospheric deposition 
from the metallurgical plant during the seventies and 
eighties of the last century. Medetska River (south tribu-
tary) is seriously polluted with Cu, Fe, Mn, and Pb by an 
abandoned copper mine (Medet dere), property of As-
sarel-Medet JSC Mining, and Processing Complex – lead-
ing Bulgarian company for open pit mining and process-
ing of copper ores, founded in 1964 (Gecheva et al. 2013). 
Hence, the Topolnitsa reservoir serves as a final sink for 
all types of contaminants, which are carried by Topolnitsa 
River. 
 
Water sampling 
Water samples for metal analysis were collected accord-
ing to ISO 5667-4:1987 – in spring, summer, and autumn. 
Prewashed double caped polyethylene bottles were used. 
They were rinsed three times with the water to be sam-
pled prior to sampling. Samples were acidified with 1% 
HNO3 and stored on ice for as short time as possible to 
minimize the changes of metals physico-chemical charac-
teristics before analysis. During the field trip, pH, tem-
perature (°C), conductivity (µS cm-1), and dissolved oxy-
gen (mg L-1) were recorded, simultaneously, using a com-
bined field meter (Multi 340i, WTW).  
 
Fish sampling 
Common carp (Cyprinus carpio L.) is one of the species, 
which is wide-spread through Europe and Asia, and it is 
also abundant in the Topolnitsa reservoir. Due to its wide 
geographic distribution, economic importance for human 
consumption and resilience of surviving at heavily pol-
luted sites, carp is an ideal indexical organism in toxico-
logical assays (Papoutsoglou et al. 2001, Brumbaugh et al. 
2003, De Boeck et al. 2004, De Boeck et al. 2007, Snyder et 
al. 2004, Reynders et al. 2008). In total forty-five fish (fif-
teen individuals in each season) of the same size class 
were collected using a boat and fish nets. Fish were col-
lected following international standard procedures given 
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in the EMERGE Protocol for fish sampling (Rosseland et 
al. 2004). Prior to dissection, the fish length and weight 
were recorded to the nearest millimeter and gram, having 
mean values of 53±3.5g and 12±2.5cm, respectively.   

Liver of each fish was divided in three pieces used 
for three different analyses. For metal analysis the sam-
ples were stored on ice in pre-marked clean polyethylene 
zip lock plastic bags, kept on ice and then deep frozen (-
25°C). For histological analysis the samples were stored in 
vials with 10% neutrally buffered formaldehyde solution 
(pH 7) for 12˗24 hours and then processed for examina-
tion. For enzymatic assay the samples were frozen in liq-
uid nitrogen and the sample preparation continued in the 
laboratory afterwards.  

Fifteen healthy common carps (five individuals in 
each season) (54.5±3.5 g; 13.5±1.5 cm) were obtained from 
the national Institute of Fisheries and Aquaculture in 
Plovdiv, Bulgaria where fish are reared under strict con-
trolled toxicant-free conditions. Therefore, water and fish 
were used as reference.  

All experiments were conducted in accordance with 
national and international guidelines of the European 
Parliament and the Council on the protection of animals 
used for scientific purposes (Directive 2010/63/EC). 
 
Analytical procedures 
Contamination control. All metal analyses were carried out 
at the accredited regional laboratory of the Executive En-
vironment Agency in Plovdiv, Bulgaria. Chemicals used 
in this study were purchased from Merck Group (Darm-
stadt, Germany). They were of analytical grade and Su-
prapur® quality. Materials used were made of Pyrex and 
high-density polyethylene, washed with 30% HNO3, 
rinsed three times with deionized water and allowed to 
dry in an oven at 105°C for 2 hours (Ross 1986). 

Quality control. Accuracy of the applied analytical 
procedures and obtained results was checked using 
blanks and certified reference materials for metals in wa-
ters − SRM 1643е (National Institute of Standards and 
Technology, USA) and in fish − DORM-3 (National Re-
search Council Canada, Ottawa, Ontario, Canada). 
Agreement with the standards was within 10%. 

Water analysis. Water chemistry analysis was per-
formed according to ISO 17294-2:2003. Metal content in 
the water was analyzed by using ICP-MS (Agilent 7500ce, 
Japan) and reported as µg L-1. Detection limit of the in-
strument was: Аs – 0.5 µg L-1, Cd – 0.05 µg L-1, Cu – 0.5 µg 
L-1, Ni – 0.5 µg L-1, Pb – 10 µg L-1, and Zn – 10 µg L-1. 

Fish analysis. Prior to the actual assay, approximately 
1 gr of each liver sample was mineralized wet using a mi-
crowave digestion system (Milestone Ethos Plus, Italy). 
Digestion solution was prepared with 6 mL of 65% HNO3 
and 2 mL of 30% H2О2 at 200°C. After mineralization the 
samples were brought up to 25 mL by adding ultra-pure 
water and underwent metal analysis. Metal content was 
analyzed by using ICP-MS (Agilent 7500ce, Japan) and 
reported as μg kg-1 wet weight. Detection limit of the in-
strument was: As – 10 µg kg-1, Cd – 1 µg kg-1, Cu – 10 µg 
kg-1, Ni – 10 µg kg-1, Pb – 30 µg kg-1, and Zn – 30 µg kg-1. 

Histological analysis. Liver samples were rinsed in tap 

water, dehydrated in a graded series of ethanol concen-
trations, cleared in xylene, embedded in paraffin wax 
with melting point of 54-56°C, sectioned to a thickness of 
5-7 µm using a semi-automated microtome (Leica 
RM2245), and mounted on sterilized glass slides. Sections 
were then deparaffinized, stained with hematoxylin and 
eosin (H&E), and prepared for light microscopy analysis 
(Takashima & Hibiya, 1995). Hepatic histological changes 
were observed and photographed by using a microscope 
(Nikon, Japan) mounted with a digital camera. Liver 
morphology of all specimens, including reference fish liv-
ers, was appraised individually and semi-quantitatively 
by using the grading system of Peebua et al. (2006), which 
we slightly modified. Histological changes evaluation 
was carried out and presented as an average value in per-
centages. Each grade represents specific histological char-
acteristics and is categorized as follows: no histological al-
terations – (-), mild histological alterations – 10-20% - (+/-
), moderate histological alterations – 30-50% - (+), severe 
histological alterations – 60-80% - (++), and very severe 
histological alterations – above 80% - (+++) in the hepatic 
structure. 
 
Enzyme assay 
Sample preparation. Livers (pooled wet mass of every three 
individuals) were rapidly thawed on ice and manually 
homogenized, using a Potter Elvehjem homogenizer fit-
ted with a Teflon pestle in chilled phosphate buffer (50 
mM, 300 mM NaCl, pH 7.4). Homogenates was subjected 
to centrifugation at 9000 rpm for 15 min in a cooling cen-
trifuge (MPW 351 R) at 4°C. Supernatant fractions were 
aliquoted, transferred in new eppendorf tubes and stored 
at -80°C for enzyme assays. All biochemical assays were 
measured spectrophotometrically (Beckman Coulter 
Spectrophotometer DU 800) at 25°C.  

Lactate dehydrogenase. Lactate dehydrogenase (LDH, 
E.C. 1.1.1.27) activity was assayed in 100 mM potassium 
phosphate buffer (pH 7.4), 1 mM pyruvate, and 0.14 mM 
NADH lactate dehydrogenase and determined by meas-
uring the amount of pyruvate consumed due to NADH 
oxidation at 340 nm (backward reaction) according to 
Vassault (1983). 

Alanine and aspartate aminotransferase. Alanine ami-
notransferase (ALAT, E.C. 2.6.1.2) and aspartate ami-
notransferase (ASAT, E.C. 2.6.1.1) activities were deter-
mined by the method of Reitman & Frankel (1957) as de-
scribed by IFCC (1987) using commercially available kits 
(Merck Group, Darmstadt, Germany). Briefly, ALAT was 
assayed in 1 mL containing phosphate buffer (100 µmol, 
pH 7.4), DL-alanine (100 µmol, pH 7.4), L-ketoglutaric acid 
(2 µmol, pH 7.4), and 0.2 mL of freshly prepared ho-
mogenate. Reaction mixture was incubated at 37°C for 30 
min. ASAT was assayed in 1 mL medium containing 
phosphate buffer (100 µmol, pH 7.4), L-aspartic acid (100 
µmol, pH 7.4), L-ketoglutaric acid (2 µmol, pH 7.4), and 
0.2 ml of freshly prepared homogenate. Reaction mixture 
was incubated at 37°C for 1 hour. 

Protein analysis. Protein levels were measured by the 
Bradford (1976) method with Coomassie Brilliant Blue G-
250 using bovine serum albumin as standard. Absorbance 
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of samples was detected at 595 nm and expressed as mil-
ligram protein per milliliter homogenate. 

One unit of LDH was defined as the amount of the 
enzyme that consumes 1 mol L−1 of substrate or generates 
1 mol L−1 of product per min. Activity was expressed in 
international units per milligram of protein (U mg L-1 

prot.). ALAT and ASAT activity were expressed in inter-
national units per liter (U L-1). 

 
Data analysis 
Statistical analyses on the metal concentrations in the wa-
ter, liver samples, and enzyme activities, were under-
taken using the software program STATISTICA (version 
7.0 for Windows, StatSoft Inc., New York, NY, USA). Dif-
ferences between the means of individual variables were 
tested for significance using Student's t-test (p<0.05). Rela-
tionships between the contents of metals in the collected 
water and liver samples were tested using Pearson's 
Product-Moment correlation (p<0.05). Data are reported 
as mean ±SD. 
 
 
Results and Discussion 
 
Metal concentrations in water 
Table 1 shows the general Topolnitsa water qual-
ity parameters and Table 2 the metal concentra-
tions, respectively. Results for pH, temperature, 
dissolved oxygen, and conductivity showed that 
reservoir water was in a good physico-chemical 
status according to the unpublished data for the 
period 2010-2013 by River Basin Directorate for 
Water Management, Plovdiv, Bulgaria. All metal 
concentrations measured in the reference water 
were below detection limit of the instrument. Pb 
concentrations in the Topolnitsa reservoir water 
were also kept below the detection limit in the 
spring, summer, and autumn. However, the other 
metals showed a variation in their concentrations 
in all three seasons. The concentrations of As in 
the spring were significantly different from those 
in the summer (p<0.05). Cd concentrations were 
similar in the spring and summer, but dropped be-
low detection limit of the instrument in the au-
tumn. Zn concentrations were higher in the sum-
mer than spring, but below detection limit in the 
autumn. In contrast, As, Cu, and Ni concentra-
tions were measurable in all three seasons. 

We compared the obtained results on metal 
concentrations in this study with the maximum 
permissible levels set by the Bulgarian regulations 
(Regulation norm of the priority substances in sur-
face waters 2010 and Regulation norm – H4 of the 
quality and characterization of surface waters 
2013) based on Directive 2000/60/EC. We found 
that As concentrations in the spring and summer, 

as well as, Cu concentrations in all three seasons 
were above the maximum permissible levels set 
by law. Therefore, we consider that the contamina-
tion with these two metals is due to the intensive 
copper ore extraction and smelting processes in 
the region. In addition, Zn concentrations in the 
summer were at borderline. Except for Pb, which 
concentrations we could not determine by the 
method applied, the remaining metals were con-
stantly present in the Topolnitsa reservoir waters. 
However, they did not exceed the allowable levels 
set by law. We suppose that we can link this fact 
with their background levels, atmospheric deposi-
tion, and complex interactions between water, 
sediment and biota or other anthropogenic factors, 
such as domestic sewage, industrial waste waters, 
agricultural runoff or intensive combustion of coal 
in the region.  
 
Metal concentrations in fish liver 
Metal bioaccumulation was assessed by measur-
ing metal concentrations in the fish liver. Metal 
concentrations in the reference fish livers were less 
than detection limit. In contrast, metal concentra-
tions in the common carp liver from the Topol-
nitsa reservoir were significantly higher than in 
the water (p<0.05) (Table 3). Furthermore, we de-
termined the highest metal concentrations in the 
fish liver in the summer. Statistical processing of 
the data showed that Cd concentrations in the 
summer were significantly higher than in the 
spring (p<0.05), as well as, Cu concentrations in 
the summer compared to those measured in the 
spring and autumn (p<0.05). In addition, we found 
that Zn concentrations were significantly higher 
than the rest of the metals during the whole pe-
riod of study (p<0.05). Statistical processing of the 
data also determined a positive correlation be-
tween As and Cu content in the water and their 
corresponding concentrations in the common carp 
liver in all three seasons (r = 0.99). 

Liver is a vulnerable organ during prolonged 
metal exposures, originated both from waterborne 
and dietary sources, hence it is one of the main 
target organs in toxicological research (Velcheva 
2006). Overall, our results confirmed that the fish 
liver is a major depot for metal bioaccumulation, 
and they are in agreement with Shinn et al. (2009) 
and Poleksić et al. (2010). Similarly to Siscar et al. 
(2013) we think that the high metal concentrations 
in the fish liver can be associated with hematopoi-
esis and detoxification processes, as well as, anti-
oxidant defense system and excretion of metals. 
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Table 1. Topolnitsa reservoir water quality parameters. 
 

Season pH T (°C) 
Conductivity 

(µS cm-1) 
Dissolved oxygen 

(mg L-1) 
Spring 9.3 6.3 350 8.5 

Summer 8.5 21.5 615 7.3 
Autumn 6.3 5.5 535 9.1 

Average±SD 8.03±1.55 11.1±9.02 500±133 8.3±0.92 
 
 

Table 2. Metal concentrations in the Topolnitsa reservoir water (n=5 in each season), µg L-1. 
 

Element Spring Summer Autumn Bulgarian legislation 
As 23±10 5.2±1.1 12±3.5 10 
Cd 0.3±0.1 0.2±0.1 <0.05* 0.5 
Cu 16.3±3.5 24±5 9.1±2 1 
Ni 3±1 1.2±0.5 1.3±0.3 20 
Pb <1* <1* <1* 7 
Zn 3.3±1.5 8.4±1.3 <1* 8 

 

Explanations: * – below the detection limit: 0.5 µg L-1  for Аs, 0.05 µg L-1 for Cd, 0.5 µg L-1 
for Cu, 0.5 µg L-1 for Ni, 10 µg L-1 for Pb, and 10 µg L-1 for Zn; bold – metal concentrations 
above the maximum permissible levels set by Bulgarian law. 

 
 

Table 3. Metal concentrations in common carp liver from the Topolnitsa reservoir 
(n=15 for each season), µg kg-1 (wet weight). 

 

Element Spring Summer Autumn 
As 1050±41.5 1300±173.5 900±50.5 
Cd 930±20.5 6800*±150 1300±55.5 
Cu 16000±300 53000*±200 19000±2000 
Ni 1300±180 4500*±305.5 2350±300 
Pb 2400±330 5500±500 1500±300.5 
Zn 109000±1100 154000±1350.5 123000±1250 

 

Explanations: bold with asterisk – metal concentrations, which are statistically higher than 
in the other two seasons. 

 
 
We could also link this fact with the higher fish ac-
tivity, particularly in the summer when the rates 
of metal uptake and accumulation increase with 
increasing the temperature in ectothermic organ-
isms (Sokolova & Lanning 2008). Hence, according 
to Pörtner (2002) increase in metabolic rates at ele-
vated temperatures may contribute to metal ac-
cumulation in ectotherms due to a higher energy 
demand, which results in elevated ventilation. 

 
Histological alterations 
Histological analysis demonstrated that the refer-
ence fish livers generally exhibited a normal archi-
tecture with a typical parenchymatous appearance 
and there were no pathological abnormalities (Fig. 
1). Parenchyma itself was primarily composed of 
hepatocytes typically with a large central nucleus 
and homogenous cytoplasm. Hepatocytes were lo-
cated among blood capillaries called sinusoids 
forming a cord-like structure known as hepatic  

 
 

Figure 1. Histological structure of reference  
common carp liver, x 200. H&E. 

 
 

cell cords. Lumen of the sinusoids contained 
mainly erythrocytes. Venous blood entered the  
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Figure 2. Histological alterations in common carp liver from the Topolnitsa reservoir, x 400. H&E. Granular 
degeneration – red arrow; Vacuolar degeneration – blue arrow; Hydropic degeneration – orange arrow; Ne-
crobiosis – yellow arrow; Hyperemia – green arrow. 

 
 

Table 4.  Histological alterations in common carp liver from the Topolnitsa reservoir. 
 

Histological alteration Spring Summer Autumn 
Granular degeneration +/- ++ + 
Vacuolar degeneration +/- +/- +/- 
Hydropic degeneration +/- +/- +/- 

Fatty degeneration - +/- - 
Necrobiosis 

-  karyopyknosis 
- karyorrexis 
-  karyolysis 

 
+/- 
+/- 
+ 

 
+/- 
+/- 
+/- 

 
+/- 

- 
+ 

Necrosis +/- +/- - 
Hyperemia +/- +/- +/- 

 

Explanations: no histological alterations – (-); mild histological alterations – 10-20% - (+/-); 
moderate histological alterations – 30-50% - (+); severe histological alterations – 60-80% - 
(++); and very severe histological alterations – above 80% - (+++) in hepatic structure. 

 
 
liver caudally from the intestine via the hepatic 
portal veins and branches into the sinusoids. In 
contrast, we found remarkable histological altera-
tions in the common carp liver from the Topol-
nitsa reservoir (Fig. 2, Table 4). Results from the 
histological analysis showed that all investigated 
individuals had similar hepatic alterations in the 
spring, summer, and autumn, which we classified 
in the following main groups: 1) degenerative 
changes – granular degeneration, vacuolar degen-

eration, hydropic degeneration, and fatty degen-
eration 2) nectrotic changes (necrobiosis) – 
karyopyknosis, karyorrexis and karyolysis, and 
necrosis; 3) changes in the blood vessels – hy-
peremia in sinusoids and major blood vessels. 
However, the results showed some variation in 
the degree of expression of each histological al-
teration in the fish liver in all three seasons. In the 
spring only karyolysis was presented in a moder-
ate severity. In the summer granular degeneration 
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was pronounced in a moderate severity. Fatty de-
generation was observed only in this season as 
well. Histological alterations in general were less 
expressed in the autumn compared to the summer 
(Table 4). 

Our results for histological changes in the 
common carp liver from the Topolnitsa reservoir 
gave us reason similarly to Hinton & Lauren 
(1990), Paris-Palacious et al. (2000), Monteiro et al. 
(2006), van Dyk et al. (2007), and Rajeshkumar & 
Munuswamy (2011) to assume that the degenera-
tive histological changes (granular, vacuolar, hy-
dropic, and fatty degeneration) may be due to in-
terference at the biochemical level, including inhi-
bition or activation in the enzyme activity, 
changes in the protein synthesis, impaired ion 
regulation, and depletion of energy resources. Ac-
cording to Figueiredo-Fernandes et al. (2007) ne-
crobiosis can be accepted as an indication of 
changes in the fish metabolic activity. Our results 
corresponded to those of Varanka et al. (2001) who 
suggest that high metal deposition in the liver 
leads to the observed abnormalities in the hepatic 
structure and hepatocytes, and subsequently can 
lead to cell death. According to Mela et al. (2007) 
the presence of necrotic areas is one of the most 
prominent changes in the liver morphology under 
the influence of metals. Our opinion was in 
agreement with the authors’ who think that necro-
sis is probably a result of impaired cell membranes 
integrity and due to interference in the carbohy-
drate metabolism of fish. According to van Dyk et 
al. (2007) liver hyperemia may inevitably lead to 
hepatic necrosis and atrophy. We also suppose 
that stenosis of the blood vessels probably can 
lead to alterations in the fish metabolism, which 
form of expression is hepatocyte necrobiosis. Fur-
thermore, our results indicated a link between 
liver hyperemia and necrobiosis as both altera-
tions were mainly presented in a mild degree of 
expression.  

 
Enzyme activity 
Responses of the enzymes LDH, ALAT, and ASAT 
in the common carp liver from the Topolnitsa res-
ervoir and reference fish liver are presented in Fig. 
3 and 4. Overall, we determined some variations 
in the hepatic enzyme activity of common carp 
from the Topolnitsa reservoir in all three seasons. 
However, only ASAT activity in the summer and 
in the autumn was significantly different (p<0.05). 
LDH activity in the common carp liver from the 
Topolnitsa reservoir was significantly lower in the  

 
 

Figure 3. Enzyme activity – LDH (U mg-1 prot.), ALAT, 
and ASAT (U L-1) in reference common carp liver. 

 
 

 
 

Figure 4. Enzyme activity – LDH (U mg-1 prot.), ALAT, 
and ASAT (U L-1) in common carp liver from the To-
polnitsa reservoir. 

 
 

summer and autumn than the respective one in 
the reference fish (p<0.05). In contrast, ALAT ac-
tivity in the common carp liver from the Topol-
nitsa reservoir was significantly higher in the 
spring and summer than this in the reference fish 
(p<0.05), as well as, ASAT activity in the autumn 
(p<0.05). 

Antioxidant defenses in the liver are com-
monly very well developed compared to other or-
gans as a result of the central role of this organ in 
detoxifying toxicants and processing many meta-
bolic products for degradation (Gül et al. 2004; 
Avci et al. 2005). Similarly to us, Wong & Wong 
(2000) and Harikrishnan et al. (2003) observed 
various responses of enzymes in fish exposed to 
metallic contaminants, which indicated an in-
crease or a decrease in the activity depending on 
the dose, species, and route of exposure. Further-
more, according to Yousafzai & Shakoori (2011), 
Vinodhini & Narayanan (2009), Dorts et al. (2012). 
Oliva et al. (2012), Abedi et al. (2013), and 
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Heydarnejad et al. (2013) inhibited or elevated en-
zyme activity compared to the reference groups 
serves as a good diagnostic tool in toxicology and 
is also a marker for metabolic changes in fish (i.e. 
glycogen catabolism and a glucose shift towards 
formation of lactate, proteolysis, enhanced protein 
catabolism, hypoxic conditions, impaired antioxi-
dant mechanisms, and hepatocellular or tissue 
damage in the organism).  In the present study the 
hepatic damage was confirmed by changes in the 
enzyme responses, and our findings were in 
agreement with other authors (Oluah 1998, 1999) 
who state that any changes in the enzyme activi-
ties indicate tissue damage in organs such as the 
liver. Similarly to Regoli (1998) we also consider 
that the metal concentrations in the fish organs 
and tissues are likely to change with the season, 
reflecting variability in the environmental inputs, 
but also changes in the fish metabolism. Low tem-
perature reduces the metabolic rates in ectother-
mic organisms, and hence, lower enzymatic activi-
ties are in general observed in colder seasons. In 
contrast, higher temperatures lead to an increase 
in oxygen consumption and consequently to reac-
tive oxygen species (ROS) generation enhance-
ment (Amado et al. 2006).  

Overall, this study showed for the first time 
the negative effect of the metal-contaminated wa-
ters of the Topolnitsa reservoir on fish liver of 
common carp. It also offers the possibility of in-
cluding the methods used to assess the condition 
of waters and hydrobionts, as well as, to apply 
them in monitoring programs and management of 
freshwater ecosystems, besides the traditional 
chemical analyses. We consider that such histo-
logical and biochemical biomarkers are easily ap-
plicable and reliable in terms of studying aquatic 
abiotic and biotic compartments subjected to an-
thropogenic pressure. 
 
 
 
Acknowledgements. The authors would like to thank the 
experts from the accredited regional laboratory of the 
Executive Environment Agency in Plovdiv, Bulgaria for 
helping with the chemistry analyses, as well as, the local 
fisherman for providing the fish samples needed for this 
study. 
 
 
 
References  
 
Abedi, Z., Hasantabar, F., Khalesi, M.K., Babaei, S. (2013): 

Enzymatic activities in common carp, Cyprinus carpio influenced 
by sublethal concentrations of cadmium, lead, chromium. World 

Journal of Fish and Marine Sciences 5(2): 144–151.  
Aboua, B.R.D., Kouamélan, E.P., N’Douba V. (2012): Development 

of a fish-based index of biotic integrity (FIBI) to assess the 
quality of Bandama River in Côte d’Ivoire. Knowledge and 
Management of Aquatic Ecosystems 404(08): 1–19.  

Amado, L.L., Rosa, C.E., Leite, A.M., Moraes, L., Pires, W.V., Pinho, 
G.L.L., Martins, C.M.G. et al. (2006): Biomarkers in croaker 
Micropogonias furnieri (Teleostei: Sciaenidae) from polluted and 
non-polluted areas from the Patos Lagoon estuary (Southern 
Brazil): Evidences of genotoxic and immunological effects. 
Marine Pollution Bulletin 52: 199–206. 

Antal, L., Halasi-Kovacs, B., Nagy, S.A. (2013): Changes in fish 
assemblage in the Hungarian section of River Szamos/Someş 
after a massive cyanide and heavy metal pollution. North-
Western Journal of Zoology 9(1): 131−138. 

Avci, A., Kaçmaz, M., Durak I. (2005): Peroxidation in muscle and 
liver tissues from fish in a contaminated river due to petroleum 
refinery industry. Ecotoxicology and Environmental Safety 6: 
101-105. 

Bradford, M. (1976): A rapid and sensitive method for the 
quantitation of microgram quantities of protein using the 
principle of protein dye binding. Analytical Biochemistry 72: 
248–254. 

Brumbaugh, W.G., Schmitt, C.J., May T.W. (2005): Concentrations 
of cadmium, lead, and zinc in fish from mining-influenced 
waters of northeastern Oklahoma: sampling of blood, carcass, 
and liver for aquatic biomonitoring. Archives of Environmental 
Contamination and Toxicology 49: 76–88.  

Czedli, H., Csedreki, L., Szíki, A.G., Jolánkai, G., Pataki, B., Hancz, 
C., Antal, L., Nagy, S.A. (2014): Investigation of the 
bioaccumulation of copper in fish. Fresenius Environmental 
Bulletin 23(7): 1547−1552. 

De Boeck, G., Meeus, W., De Coen, W., Blust R. (2004): Tissue 
specific Cu bioaccumulation patterns and differences in 
sensitivity to waterborne Cu in three freshwater fish: rainbow 
trout (Onchorynchys mykiss), common carp (Cyprinus carpio), and 
gibel carp (Carassius auratus gibelio). Aquatic Toxicology 70: 179–
188.  

De Boeck, G., Van der Ven, K., Meeus, W., Blust, R. (2007): 
Sublethal copper exposure induces respiratory stress in common 
and gibel carp but not in rainbow trout. Comparative 
Biochemistry and Physiology, Part C 144: 380–390.  

De La Torre, C., Petochi, T., Corsi, I., Dinardo, M.M., Baroni, D., 
Alcaro, L., Focardi, S. et al. (2010): DNA damage, severe organ 
lesions and high muscle levels of As and Hg in two benthic fish 
species from a chemical warfare agent dumping site in the 
Mediterranean Sea. Science of the Total Environment 408: 2136–
2145.  

Dorts, J., Bauwin, A., Kestemont, P., Jolly, S., Sanchez, W., Silvestre 
F. (2012): Proteasome and antioxidant responses in Cottus gobio 
during a combined exposure to heat stress and cadmium. 
Comparative Biochemistry and Physiology, Part C 155(2): 318–
324.  

Engin, M.S. (2015): The assessment of trace metals at gill, muscle 
and liver tissue in Mugil cephalus. Environmental Monitoring 
and Assessment 187: 255. 

Feist, S.W., Lang, T., Stentiford, G.D., Köhler A. (2004):  Biological 
effects of contaminants: use of liver pathology of the European 
flatfish dab (Limanda limanda L.) and flounder (Platichtys flesus 
L.) for monitoring. ICES Techniques in Marine Environmental 
Sciences No. 38 ICES, Copenhagen.  

Figueiredo-Fernandes, A., Ferreira-Cardoso, J.V., Garcia-Santos, S., 
Monteiro, S.M., Carrola, J., Matos P., Fontainhas-Fernandes, A. 
(2007): Histopathological changes in liver and gill epithelium of 
Nile tilapia, Oreochromis niloticus, exposed to waterborne copper. 
Pesquisa Veterinária Brasileira 27: 103–109. 

Gecheva, G., Yurukova, L., Mattia, C., Cheshmedjiev, S. (2013): 
Monitoring of aquatic mosses and sediments: a case study in 
contaminated rivers, Bulgaria. Plant Byosystems 149(3): 527-536. 

Georgieva, E., Stoyanova, S., Velcheva, I., Vasileva, T., Bivolarski, 
V., Iliev, I., Yancheva, V. (2014): Metal effects on histological and 



Histological and biochemical changes in common carp liver 
 

269 

biochemical parameters of common rudd (Scardinius 
erythrophthalmus L). Archives of Polish Fisheries 22: 197–206. 

Georgieva, E., Velcheva, I., Yancheva, V., Stoyanova, S. (2014): 
Trace metal effects on gill epithelium of common carp, Cyprinus 
carpio (Cyprinidae). Acta Zoologica Bulgarica 66(2): 277−282. 

Gül, S., Belge-Kurutas, E., Yildiz, E, Sahan, A., Doran, F. (2004): 
Pollution correlated modifications of liver antioxidant systems 
and histopathology of fish (Cyprinidae) living in Seyhan Dam 
Lake, Turkey. Environment International 30: 605–609. 

Harikrishnan, R., Rani M.N., Balasundaram C. (2003): 
Hematological and biochemical parameters in common carp, 
Cyprinus carpio, following herbal treatment for Aeromonas 
hydrophila infection. Aquaculture 221(1–4): 41–50.  

Heydarnejad, M.S., Khosravian-Hemamai, M., Nematollahi, A. 
(2013): Effects of cadmium at sub-lethal concentration on growth 
and biochemical parameters in rainbow trout (Oncorhynchus 
mykiss). Irish Veterinary Journal 66(1): 11.  

Hinton, D.E., Baumann, P.C., Gardener, G.R., Hawkins, W.E., 
Hendricks, J.D., Murchelano, R.A., Okhiro, M.S. (1992): 
Histopathological biomarkers, pp. 155–210. In: Huggett, R.J., 
Kimerle, R.A., Mehrle, P.M., Bergman, H.L. (eds), Biomarkers: 
Biochemical, Physiological and Histological Markers of 
Anthropogenic Stress, Lewis Publishers, Chelsea, MI. 

Hinton, D.E. & Laurén, D.J. (1990): Integrative histopathological 
effects of environmental stressors on fishes. American Fisheries 
Society Symposium 8: 56–61.  

IFCC (International Federation of Clinical Chemistry). (1986): 
Methods for the measurement of catalytic concentration of 
enzymes. Part 2. IFCC method for aspartate aminotransferase 
(L-aspartate: 2-oxogluarate aminotransferase, EC 2.6.1.1). 
Journal of Clinical Chemistry and Clinical Biochemistry 24: 497–
510. 

Islam, M.S., Han, S., Masunaga, S. (2014): Assessment of trace metal 
contamination in water and sediment of some rivers in 
Bangladesh. Journal of Water and Environmental Technology 
12: 109–121. 

Jarić, I., Višnjić-Jeftić, Z., Cvijanović, G., Gačić, Z., Jovanović, L., 
Skorić, S., Lenhardt, M. (2011): Determination of differential 
heavy metal and trace element accumulation in liver, gills, 
intestine and muscle of sterlet (Acipenser ruthenus) from the 
Danube River in Serbia by ICP-OES. Microchemistry Journal 98: 
77–81.  

Karadede, H., Oymak, S.A., Ünlü, E. (2004): Heavy metals in 
mullet, Liza abu, and catfish, Siluris triostegus, from the Atatürk 
Dam Lake (Euphrates), Turkey. Environment International 30: 
183–188. 

Lang, T., Wosniok, W., Barsiene, J., Broeg, K., Kopecka, J., 
Parkkonen, J. (2006): Liver histopathology in Baltic flounder 
(Platichthys flesus) as indicator of biological effects of 
contaminants. Marine Pollution Bulletin 53: 488–496.  

Lenhardt, M., Jarić, I., Višnjić-Jeftić, Ž., Skorić, S., Gačić, Z., Pucar, 
M., Hegediš, A. (2012): Concentrations of 17 elements in muscle, 
gills, liver and gonads of five economically important fish 
species from the Danube River. Knowledge and Management of 
Aquatic Ecosystems 407(02): 1–10.  

Løkke, H., Ragas, Ad.M.J., Holmstrup, A. (2013): Tools and 
perspectives for assessing chemical mixtures and multiple 
stressors. Toxicology 313: 73–82.  

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.  

Maria, V.L., Ahmad, I., Oliveira, M., Serafim, A., Bebianno, M.J., 
Pacheco, M., Santos, M.A. (2009): Wild juvenile Dicentrarchus 
labrax L liver antioxidant and damage responses at Aveiro 
Lagoon, Portugal. Ecotoxicology and Environmental Safety 72: 
1861–1870.  

Mason, C.F. (1991): Biology of Freshwater Pollution, 2nd ed. 
Longman, New York, 387 pp. 

Mela, M., Randi, M.A.F, Ventura, D.F., Carvalho, C.E.V., Pelletier, 

E., Oliveira Ribeiro, C.A. (2007): Effects of dietary 
methylmercury on liver and kidney histology in the neotropical 
fish Hoplias malabaricus. Ecotoxicology and Environmental 
Safety 68: 426–435.  

Mendoza-Carranza, M., Sepúlveda-Lozada, A., Dias-Ferreira, C., 
Geissen, V. (2016): Distribution and bioconcentration of heavy 
metals in a tropical aquatic food web: A case study of a tropical 
estuarine lagoon in SE Mexico. Environmental Pollution 210: 
155-165. 

Miandare, H.K, Niknejad, M.,, Shabani, A., Safari R. (2016): 
Exposure of Persian sturgeon (Acipenser persicus) to cadmium 
results in biochemical, histological and transcriptional 
alterations. Comparative Biochemistry and Physiology 181: 1˗8. 

Moiseenko, T.I., Gashkina, N.A., Sharova, Yu.N., Kudryavtseva, 
L.P. (2008): Ecotoxicological assessment of water quality and 
ecosystem health: A case study of the Volga River. 
Ecotoxicology and Environmental Safety 71: 837–850.  

Monteiro, S.M., Mancera, J.M., Fontainhas-Fernandes, A., Sousa, M. 
(2006): Copper induced alterations of biochemical parameters in 
the gill and plasma of Oreochromis niloticus. Comparative 
Biochemistry and Physiology, Part C 141: 375–383.  

Oliva, M., José Vicente, J., Gravato, C., Guilhermino, L., Galindo-
Riaño, M.D. (2012): Oxidative stress biomarkers in Senegal sole, 
Solea senegalensis, to assess the impact of heavy metal pollution 
in a Huelva estuary (SW Spain): seasonal and spatial variation. 
Ecotoxicology and Environmental Safety 75(1): 151–162.  

Olsvik, P.A., Gundersen, P., Andersen, R.A., Zachariassen, K.E. 
(2000): Metal accumulation and metallothionein in two 
populations of brown trout, Salmo trutta, exposed to different 
natural water environments during a run-off episode. Aquatic 
Toxicology 50: 301–316.  

Oluah, N.S. (1998): Effect of sublethal copper (II) ions on the serum 
transaminase activity in catfish Clarias albopunctatus. Journal of 
Aquatic Science 13: 45–47. 

Oluah, N.S. (1999): Plasma aspartate aminotransferase activity in 
the catfsh Clarias albopunctatus exposed to sublethal zinc and 
mercury. Bulletin of Environmental Contamination and 
Toxicology 63: 343–349.  

Oymak, S.A., Karadede-Akin, H., Dogan, N. (2009): Heavy metal in 
tissues of Tor grypus from Atatürk Dam Lake, Euphrates River-
Turkey. Biologia 64(1): 151−155. 

Pandey, S., Parvez, S., Ansari, R.A., Ali, M., Kaur, M., Hayat, F., 
Ahmad, F., Raisuddin, S. (2008): Effects of exposure to multiple 
trace metals on biochemical, histological and ultrastructural 
features of gills of a freshwater fish, Channa punctata Bloch. 
Chemico- Biological Interactions 174: 183–192.  

Papoutsoglou, S.E., Miliou, H., Karakatsoul, N.P., Tzitzinakis, M., 
Chadio, S. (2001): Growth and physiological changes in scaled 
carp and blue tilapia under behavioral stress in mono and 
polyculture rearing using a recirculated water system. 
Aquaculture International 9: 509–518.  

Paris-Palacios, S., Biagianti-Risbourg, S., Vernet, G. (2000): 
Biochemical and (ultra)structural hepatic perturbation of 
Brachydanio rerio (Teleostei, Cyprinidae) exposed to two 
sublethal concentrations of copper sulphate. Aquatic Toxicology 
50: 109–124. 

Peebua, P., Kruatrachue, M., Pokethitiyook, P., Kosiyachinda, P. 
(2006): Histological effects of contaminated sediments in Mae 
Klong River tributaries, Thailand, on Nile tilapia, Oreochromis 
niloticus. Science Asia 32: 143–150.  

Poleksić, V., Lenhardt, M., Jarić, I., Đorđević, D., Gačić, Z., 
Cvijanović, G., Rašković, B. (2010): Liver, gills, and skin 
histopathology and heavy metal content of the Danube starlet 
(Acipenser ruthenus Linnaeus, 1758). Environmental Toxicology 
and Chemistry 29(3): 515–521.  

Pörtner, H.O. (2000): Climate variations and the physiological basis 
of temperature dependent biogeography: systemic to molecular 
hierarchy of thermal tolerance in animals. Comparative 
Biochemistry and Physiology, Part A 132: 739–761.  

Qiu, Y.W. (2015): Bioaccumulation of heavy metals both in wild 
and mariculture food chains in Daya Bay, South China. 



E. Georgiev et al. 
 

270 

Estuarine, Coastal and Shelf Science 163B: 7–14. 
Rajeshkumar, S., Munuswamy, N. (2011): Impact of metals on 

histopathology and expression of HSP 70 in different tissues of 
Milk fish (Chanos chanos) of Kaattuppalli Island, South East 
Coast, India. Chemosphere 83: 415–421.  

Regoli, F. (1998): Trace metals and аntioxidant еnzymes in gills and 
digestive gland of the Mediterranean mussel Mytilus 
galloprovincialis. Archives of Environmental Contamination and 
Toxicology 34: 48–63. 

Reitman, S., Frankel, S. (1957): A colorimetric method for the 
determination of serum glutamic oxaloacetic and glutamic 
pyruvic transaminases. American Journal of Clinical Pathology 
28: 56–63. 

Reynders, H., Bervoets, L., Gelders, M., De Coen, W.M., Blust R. 
(2008): Accumulation and effects of metals in caged carp and 
resident roach along a metal pollution gradient. Science of the 
Total Environment 391: 82–95.  

Ross, H.B. (1986): The importance of reducing sample 
contamination in routine monitoring of trace metals in 
atmospheric precipitation. Atmospheric Environment 20: 401–
405.  

Rosseland, B.O., Massabuau, J.C., Grimalt, J., Hofer, R., Lackner, R., 
Raddum, G., Rognerud, S., Vives I. (2003): Fish Ecotoxicology: 
European Mountain Lake Ecosystems Regionalisation, 
DiaGnostic and Socio-economic Evaluation (EMERGE). Fish 
Sampling Manual for Live Fish, pp. 1-7. Oslo: Norwegian 
Institute for Water Research (NIVA). 

Shinn, C., Dauba, F., Grenouillet, G., Guenard, G., Lek, S. (2009): 
Temporal variation of heavy metal contamination in fish of the 
river lot in southern France. Ecotoxicology and Environmental 
Safety 72: 1957–1965.  

Siscar, R., Koeni, S., Torreblanca, A., Solé, M. (2013): The role of 
metallothionein and selenium in metal detoxification in the liver 
of deep-sea fish from the NW Mediterranean Sea. Science of the 
Total Environment 466: 898–905.  

Snyder, E.M., Snyder, S.A., Kelly, K.L., Gross, T.S., Villeneuve, D.L., 
Fitzgerald, S.D., Villalobos, S.A., Giesy, J.P. (2004): Reproductive 
responses of common carp (Cyprinus carpio) exposed in cages to 
influent of the Las Vegas Wash in Lake Mead, Nevada, from late 
winter to early spring. Environmental Science and Technology 
38: 6385–6395.  

Sokolova, I.M., Lannig, G. (2008): Interactive effects of metal 
pollution and temperature on metabolism in aquatic ectotherms: 
implications of global climate change. Climate Research 37: 181–
201.  

Stentiford, G., Longshaw, M., Lyons, B., Jones, G., Green, M., Feist, 
S. (2003): Histopathological biomarkers in estuarine fish species 
for the assessment of biological effects of contaminants. Marine 
Environmental Research 55: 137–159.  

Takashima, F., Hibiya, T. (1995): An atlas of fish histology. Normal 
and pathological features, 2nd ed. Tokyo, Kodansha Ltd., pp. 
195. 

Taweel, A., Shuhaimi-Othman, M., Ahmad, A.K. (2013): Evaluation 
of copper, lead and arsenic level in tilapia fish in Cempaka Lake 
(Bangi, Malaysia) and human daily/weekly intake. Biologia 
66(5): 983–991. 

Tlili, S., Jebali, J., Banni, M., Haouas, Z., Mlayah, A., Helal, A.N., 
Boussetta, H. (2010): Multimarker approach analysis in common 
carp Cyprinus carpio sampled from three freshwater sites. 
Environmental Monitoring and Assessment 168: 285–298.  

Türkmen, A, Türkmen, M., Tepe, Y., Cekiç, M. (2010): Metals in 
tissues of fish from Yelkoma Lagoon, northeastern 
Mediterranean. Environmental Monitoring and Assessment 
168(1-4): 223–230.  

van Dyk J.C., Pieterse G.M., Vuren J.H.J. (2007): Histological 
changes in the liver of Oreochromis mossambicus (Cichlidae) after 
exposure to cadmium and zinc. Ecotoxicology and 
Environmental Safety 66: 432–440.  

Varanka, Z., Rojik, I., Varanka, I., Nemcsók, J., Abraham M. (2001): 
Biochemical and morphological changes in carp (Cyprinus carpio 
L) liver following exposure to copper sulfate and tannic acid. 
Comparative Biochemistry and Physiology, Part C 128: 467–478.  

Vassault, A. (1983): Methods of Enzymatic Analysis. Academic 
Press, New York, 126 pp. 

Velcheva, I. (2006): Zinc content in the organs and tissues on 
freshwater fish from the Kardjali and Studen Kladenets Dam 
Lakes in Bulgaria. Turkish Journal of Zoology 30(1): 1–7. 

Vinodhini, R., Narayanan, M. (2009): Biochemical changes of 
antioxidant enzymes in common carp (Cyprinus carpio L.) after 
heavy metal exposure. Turkish Journal of Veterinary and 
Animal Sciences 33(4): 273–278.  

Wong, C.K.C., Wong, M.H. (2000): Morphological and biochemical 
changes in the gills of tilapia (Oreochromis mossambicus) to 
ambient cadmium exposure. Aquatic Toxicology 48: 517–527. 

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.  

Yancheva, V., Georgieva, E., Velcheva, I., Iliev, I., Vasileva, T., 
Petrova, S., Stoyanova, S. (2014): Biomarkers in European perch 
(Perca fluviatilis) liver from a metal-contaminated dam lake. 
Biologia 69(11): 1615−1624. 

Yap, C.K., Jusoh A., Leong W.J., Karami A., Ong G.H. (2015): 
Potential human health risk assessment of heavy metals via the 
consumption of tilapia Oreochromis mossambicus collected from 
contaminated and uncontaminated ponds. Environmental 
Monitoring and Assessment 187: 584. 

Yousafzai, A.M., Shakoori, A.R. (2011): Hepatic responses of a 
freshwater fish against aquatic pollution. Pakistan Journal of 
Zoology 43(2): 209–221. 

Yurukova, L., Gecheva, G. (2008): Aquatic macrophytes and 
sediment monitoring of river pollution (Topolnitsa River Basin, 
Bulgaria). Comptes rendus de l'Académie bulgare des Sciences. 
Proceedings of the Bulgarian Academy of Sciences 65(9): 1233–
1238. 

***** Directive 2000/60/EC of the European Parliament and of the 
Council establishing a framework for the Community action in 
the field of water policy <http://www.ecolex.org/ecolex/ledge 
/view/RecordDetails?id=LEXFAOC023005&index=documents> 

***** Directive 2010/63/EC of the European Parliament and of the 
Council on the protection of animals used for scientific 
purposes. <http://eur-lex.europa.eu/legal-content/EN/TXT/ 
?uri=celex:32010L0063> 

***** ISO 5667-4: 1987 (1987): Water quality. Water sampling – Part 
4: Sampling Guidance on sampling from lakes, natural and 
man-made. 

***** ISO 17294-2: 2003 (2003): Water Quality. Application of 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) – Part 
2: Determination of 62 Elements. 

***** Regulation norm of the piority sbstances in surface waters 
(2010): <http://www3.moew.government.bg/files/file/Legisla 
tion/Naredbi/vodi/N_standarti_priorit_ve6t_zamyrsiteli.pdf> 
[in Bulgarian]. 

***** Regulation norm – H4 of the quality and characterization of 
surface waters (2013): <http://eea.government.bg/bg/legis 
lation/water/Naredba13.pdf> [in Bulgarian]. 

 
 

 




