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Introduction
In recent years, significant attention has being paid to 
the natural and anthropogenic pollution of freshwater 
ecosystems by a wide range of chemicals, including 
metals (Mendil et al. 2010; Aras et al. 2015). They 
pose a serious threat to aquatic life because of their 
toxicity, long persistence, bioaccumulation, and bi-
omagnification in the food chain (Shah et al. 2010). 
In the case of fish, metals are characterised by differ-
ent degrees of toxicity (Stanek et al. 2005). As fish 
can absorb pollutants directly from the surrounding 
water and sediments (waterborne exposure) or in-
gest metals through food chains (dietary exposure) 
(Murthy et al. 2013), they are considered one of the 
most indicative factors in freshwater systems for es-

timation of metal pollutions potential. Fish gills are 
organs with important multiple functions and are 
considered an important entry point into the organ-
ism for both essential and toxic elements. Thus, they 
are most frequently utilised in bioaccumulation stud-
ies and the pathological damage allows to identify 
the environmental toxicity (Rosseland et al. 2007). 
In addition, the histological alterations in fish gills 
have been proved to be a rapid and sensitive tool 
to detect direct effects of metals (Figueiredo-Fern-
andes et al. 2007). Metal bioaccumulation, which 
depends on many factors, e.g. fish species, age, tis-
sue, season, temperature, pH, water hardness, etc., 
is widely studied but data on how abiotic factors in 
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combination with metal contamination influence the 
degree of tissue damage of fish gills are scarce. 

Topolnitsa Reservoir (42°25’90’’N, 23°59’38’’E) 
was built in the early 1960ʹs through damming Topol-
nitsa River,. It is one of the large artificial reservoirs 
in the country. The reservoir is located in a region, 
which has been under the impact of intensive copper 
production industry for decades because one of the 
biggest copper ore extraction and smelting enterprises 
was built simultaneously together with the reservoir. 
Topolnitsa River and its tributaries also suffer from 
untreated domestic effluents and agricultural runoff. 
Thus, Topolnitsa Reservoir serves as a final sink for 
all type of contaminants. There were no published 
data in the last few decades either on the water qual-
ity or on fish from Topolnitsa Reservoir, except from 
those presented by Georgieva et al. (2014a, 2014b) 
and Yancheva et al. (2014a, 2014b). 

The first aim of the present study was to meas-
ure the metal concentrations (As, Cd, Cu, Ni, Pb, Zn) 
in surface water samples in spring, summer and au-
tumn as well as to assess the process of bioaccumu-
lation of metals in gills of two cyprinid fish in order 
to test if there were seasonal differences. The second 
aim was to investigate the histological structure of 
gills of common carp and common rudd in order to 
determine the degree of expression of lesions in each 
season and to identify which fish species was more 
sensitive to metal contamination.

Materials and Methods
RBoth studied fish species are common in Bulgaria 
and in Topolnitsa Reservoir. Common carp (Cyprinus 
carpio L.) is a species, which has economic impor-
tance and wide geographical distribution (Europe and 
Asia), and has also been proposed as a test organism 
in toxicological assays because it can survive and ac-
cumulate contaminants even at heavily polluted sites 
(Snyder et al. 2004). Common rudd (Scardinius 
erythrophthalmus L.) is used in recreational fishing. 
Few reports have investigated the metal bioaccumu-
lation in various common rudd organs (Carassco et 
al. 2011, Djedjibegovic et al. 2012) but there are no 
comprehensive reports on the effects of metal pollu-
tions on the common rudd. 

Water samples for metal analysis were col-
lected (iso 5667-4:1987) in 2012 near the reservoir 
wall in three seasons (spring summer and autumn). 
Temperature (°C), pH, dissolved oxygen (mg/l) and 
conductivity (µS/cm) were recorded simultaneously, 
in situ, using a combined field meter (Multi 340i, 
WTW). Water from the national Institute of Fisher-
ies and Aquaculture in Plovdiv, Bulgaria, was used as 

reference. Water analysis was performed according 
to iso 17294-2:2003. Metal content in the water was 
analysed using ICP-MS (Agilent 7500ce, Japan) and 
reported as mg/l. The detection limits of the instru-
ment were: As < 0.0005 mg/l, Cd < 0.00005 mg/l, 
Cu < 0.0005 mg/l, Ni < 0.0005 mg/l, Pb < 0.0001 
mg/l, Zn < 0.0001 mg/l. ,sSimultaneously with the 
water sampling in each seasones, 15 fish individuals 
of each species were caught using fishing nets and 
a boat. Totally,  90 fish individuals specimenswere 
collected, i.e. (45 common carps and 45 common 
rudds;,. Common carps (15.4 ± 1.5 cm; 65.2 ± 10.3 
g) and common rudds (12 ± 2.5 cm; 45 ± 5.5 g) were 
of the same size group. All fish samples were col-
lected following international standard procedures 
for determination of metal accumulation as given 
in the Emerge EMERGE Protocol (Rosseland et al. 
2003). Fifteen healthy common carps and 15 com-
mon rudds were provided by the national Institute 
of Fisheries and Aquaculture in Plovdiv, Bulgaria, 
which were used as reference fish. Fish were reared 
under strict controlled conditions, which do not al-
low the presence of any toxicants, including metals, 
pesticides or hormones in the water. All experiments 
were conducted in accordance with the national 
legislation and international guidelines of the Euro-
pean Parliament and the Council on the protection 
of animals used for scientific purposes (Directive 
2010/63/EU). 

Prior to the examination, c. 1 g of each gill 
sample was mineralised wet using a microwave di-
gestion system (Milestone Ethos Plus, Italy). Diges-
tion solution was prepared with 6 ml of 65% HNO3 
and 2 ml of 30% H2O2 at 200°C. Upon mineralisa-
tion, the samples were brought up to 25 ml by add-
ing ultra-pure water, and analysed for metals using 
an ICP-MS (Agilent 7500ce, Japan). The results are 
reported as mg/kg wet weight. The detection limits 
of the instrument were: As – 0.01 mg/kg; Cd – 0.001 
mg/kg; Cu – 0.01 mg/kg; Ni – 0.01 mg/kg; Pb – 0.03 
mg/kg; and Zn – 0.03 mg/kg. All metal analyses 
were carried out at the accredited regional laborato-
ry of the Executive Environment Agency in Plovdiv, 
Bulgaria. Accuracy of the applied analytical proce-
dures and obtained results was checked using certi-
fied reference materials for metals in waters: SRM 
1643е (National Institute of Standards and Technol-
ogy, USA) and fish – DORM-3 (National Research 
Council Canada, Ottawa, Ontario, Canada). 

After fixation in formaldehyde (pH7) for 24 
h, gills were rinsed with tap water, dehydrated in a 
graded series of ethanol concentrations, cleared in 
xylene, embedded in paraffin wax with melting point 
of 54-56°C, sectioned to a thickness of 5-7 µm using 
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a semi-rotary microtome and mounted on sterilised 
glass slides. Sections were then deparaffinised and 
stained with haematoxylin and eosin (H&E) for his-
tological examinations (Bancroft, Stevens, 1996). 
Histological changes of gills were studied using a 
light microscope and photographed. All specimens 
were appraised individually and semi-quantitative-
ly, using the grading system of Mishra, Mohanty 
(2008), which was slightly modified for the purposes 
of the present study. The evaluation of histological 
changes was presented as an average value in per-
centages. Mean prevalence of each histological le-
sion in the gill surface was categorised as follows: 
none – (-); mild – 10-20% (+/-); moderate – 30-50% 
(+); severe – 60-80% (++); and very severe – above 
80% (+++). 

Raw data on the metal concentrations in the 
water and fish gills, representing different seasons 
were statistically analysed using the STATISTICA 
(version 7.0 for Windows, StatSoft, 2004). Com-
parison between the metal concentrations was tested 
using Student’s t-test at significance level of 0.05. 
Correlation analysis between the fish size and metal 
concentration in the gills, as well as between the 
metal concentration in the water and fish gills was 
also performed.

Results and Discussion
According to unpublished data from the East Aegean 
Sea River Basin Directorate, Bulgaria, the fresh-
water chemistry data (pH 8.46 ± 0.5; temperature 
11.26 ± 10.3°C; dissolved oxygen 7.96 ± 0.81 mg/l 
and conductivity 530 ± 190 µS/cm) for Topolnitsa 
Reservoir showed that the reservoir water has good 
physico-chemical status. The analysis of the water 
samples the indicated variations in the metal con-
centrations in spring, summer and autumn (Table 1). 
Lead concentrations were below the detection limit 
(Pb < 0.0001 mg/l) in the three seasons while cop-
per concentrations were determined in each season. 
Statistical analysis showed a significant difference 
between arsenic concentrations in summer and au-
tumn, and copper concentrations in spring and sum-
mer (p < 0.05). Metal concentrations in the reference 
water samples were smaller than the detection limits. 
According to the maximum permissible levels set by 
the Bulgarian legislation (Regulation Norms, 2010, 
2013) based on Directive 2000/60/EC. Arsenic con-
centration in summer and Cu concentrations in the 
three seasons in Topolonitsa Reservoir were above 
the allowable limit. We associate the presence of all 
metals in the reservoir, and particularly that of Cu 
and As, with the continuous input of these toxicants 

from the activities of mining and processing of cop-
per ores in the region. Furthermore, more factors for 
the presence of metals can also include complex in-
teractions between the water, sediment and biota, or 
other anthropogenic activities, such as fluctuations 
of discharged amounts of domestic sewage, agri-
cultural runoff and input of industrial waste waters 
in the reservoir. In our opinion, this is an indication 
for chronic contamination of the reservoir with these 
metals, which may lead to negative consequenc-
es (alterations at tissue or cellular level) for wild-
life, particularly for the fish inhabiting Topolnitsa 
Reservoir. 

Metal concentrations in the reference fish gills 
were less than the detection limits while in the fish 
gills from Topolnitsa Reservoir were higher (Table 
2). In the present study, Cu concentrations in com-
mon carp gills in spring were significantly differ-
ent from those in summer, as well as Cd concentra-
tions in common rudd gills in spring compared to 
those in summer (p < 0.05). Overall, both cyprinid 
fish species showed a similar mode of metal depo-
sition in the gills. However, we found a significant 
difference between cadmium concentrations in the 
common carp gills and common rudd gills in spring; 
lead concentrations in the common carp gills and 
common rudd gills in spring and summer; as well 
as zinc concentrations between the two fish species 
in all three seasons (p < 0.05). According to Heier 
et al. (2009), metal concentrations in the fish gills 
can reflect levels of pollution more accurately than 
the indices of contaminant content in the water. Fur-
thermore, the gill surface serves as a metal-binding 
ligand and metal bioaccumulation can occur due to 
positively charged metal ions in the water to nega-
tively charged sites on the gills (Teien et al.  2006). 
Our results confirmed that the gills could be used in 
toxicological research as they accurately reflected 
arsenic and copper concentrations in the reservoir 
water. In addition, our findings confirmed that fish 
gills could be successfully used in the assessment 
of the process of metal bioaccumulation because Pb 
concentrations could not be detected in the reservoir 
water but they were significantly higher in both com-
mon carp and common rudd gills. 

Last but not least, we consider that metal bioac-
cumulation in the gills of both fish species are mainly 
due to entering of the metal in the fish body from the 
water as the fish in this study were of the same size 
and age group. Statistical analysis showed a strong 
positive correlation between arsenic concentration 
in the water and common carp gills in summer (r = 
0.9; p < 0.05), copper concentrations in the water 
and common carp concentrations in spring (r = 0.8; 
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p < 0.05) and summer (r = 0.9; p < 0.05); as well 
as between arsenic concentrations in the water and 
common rudd gills in summer (r = 0.7; p < 0.05). 
We found that the fish size correlated positively and 
significantly only with zinc concentrations in the 
common carp gills and copper concentrations in the 
common rudd gills in summer. We do not think that 
in this case the fish diet is important for the metal 
concentrations which we determined in the fish gills. 
Furthermore, according to Čihař (1976) and Kara-
petkova, Zhivkov (2010), the two studied fish spe-
cies have a similar diet (juvenile common carps and 
rudds feed on zooplankton, mainly crustaceans, and 
adult fish – on plankton). 

Overall, the metal concentrations in the 
cyprinid fish gills from Topolnitsa Reservoir were 

similar and higher in summer for both species. We 
associated this result with the metabolic fish ac-
tivity, which is more intense during summer. Fur-
thermore, Sokolova, Lanning (2009) state that the 
toxicant bioaccumulation increases with increasing 
the water temperature in ectothermic organisms due 
to a higher energy demand. On the other hand, we 
consider that the differences in the higher concen-
trations of some metals in the common carp gills, 
i.e. zinc, are mainly due to the fact that it lives in 
the lower water layers, where bioavalability of the 
metals released from the sediment is higher. Hence, 
the metal bioaccumulation can lead to disturbances 
in the cell metabolism and negative alterations in 
the morphological structure of organs such as the 
gills can occur. 

Table 1. Metal concentrations in water column of Topolnitsa Reservoir, mg/l

Spring Summer Autumn

Element water water water

As 0.007**±0.001 0.03**±0.005 <0.0005*

Cd 0.0005±0.0001 <0.00005* <0.00005*

Cu 0.02**±0.005 0.05**±0.01 0.009**±0.001

Ni <0.0005* <0.0005* 0.001±0.0005

Pb <0.001* <0.001* <0.001*

Zn 0.006±0.001 <0.001* <0.001*

* smaller than the detection limit of the instrument.
**above Bulgarian maximum permissible levels set for metals in surface waters.
(As – 0.0025 mg/l, Cd – 0.00045 mg/l, Cu – 0.001 mg/l, Ni – 0.02 mg/l, Pb – 0.00072 mg/l, and Zn – 0.008 mg/l).

Table 2. Metal concentrations in common carp and common rudd gills from Topolnitsa Reservoir, mg/kg (wet 
weight)

Spring Summer Autumn
Element Carp Carp Carp
As 0.06±0.01 0.09±0.05 0.07±0.03
Cd 0.7±0.2 0.8±0.3 0.2±0.01
Cu 0.9±0.3 2.85±0.5 1.9±0.5
Ni 0.3±0.05 0.25±0.05 0.36±0.05
Pb 0.4±0.2 0.35±0.1 0.25±0.1
Zn 126.2±11.5 152±15.5 124±10.5

Spring Summer Autumn
Element Rudd Rudd Rudd
As 0.15±0.5 0.14±0.5 0.15±0.1
Cd 0.08±0.1 0.3±0.3 0.12±0.5
Cu 1.3±0.3 1.3±0.2 1.8±0.3
Ni 0.15±0.05 0.8±0.05 0.2±0.05
Pb 1.1±0.3 1.2±0.5 0.4±0.03
Zn 40±5.5 40±3.5 50±7.4

Bold – higheer metal concentration (comparing both fish species).
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Reference fish gills presented normal distri-
bution of the cellular constituents and organisation 
pattern of the primary and secondary lamellae, and 
blood vessels (Fig. 1). In contrast, the fish collected 

from the studied site showed serious alterations in 
the gill structure during all three investigated seasons 
(Table 3). We observed in all individuals of both fish 
species from Topolnitsa Reservoir histological gill 
lesions, which were classified in three main groups: 
1) proliferative changes – lamellar lifting, oedema, 
proliferation of epithelial cells, and lamellar fu-
sion; 2) degenerative changes of gill lamellae, and 
3) changes in the blood vessels – vasodilatation in 
the main blood sinus, secondary lamellae, and an-
eurysms (Figs. 2 and 3). However, the extent and 
severity of each particular lesion varied among the 
two studied species in all three seasons (Table 3). In 
general, the gill alterations were presented in more 
severe expression in common carp than in common 
rudd. In addition, the proliferative changes were 
more pronounced in summer, and dominated the 
degenerative and blood circulatory changes. Such 
trend towards increasing the degree of expression of 
all histological changes in the fish gills in summer 
can be due to the higher metal content in the res-
ervoir water and fish gills in this particular season. 

Fig. 1. Histological structure of reference fish gills, H&E, x400

Fig. 2. Histological alterations in common carp gills from 
Topolnitsa Reservoir, H&E: 1a – lamellar lifting (black ar-
row), vasodilatation in secondary lamellae (grey arrow), 
x400; 1b – oedema (black arrow), proliferation of gill epi-
thelium (white arrow), x400; 1c – vasodilatation in central 
venous sinus (double-headed arrow); lamellar lifting (grey 
arrow), x400; 1d – proliferation of gill epithelium (grey ar-
row), lamellar fusion (black arrow), x200; 1e – aneurysms 
(black arrow); degeneration of lamellae (grey arrow), x400; 
1f – aneurysm (black arrow), oedema (grey arrow), vasodila-
tation in central venous sinus (double-headed arrow), x400

Fig. 3. Histological alterations in common rudd gills from 
Topolnitsa Reservoir, (H&E): 2a – vasodilatation in central 
venous sinus (grey arrow), lamellar lifting (black arrow), 
oedema (black arrow), x200; 2b – aneurysm (black arrow), 
proliferation of gill epithelium (grey arrow) , x200; 2c – de-
generation of lamellae (black arrows), x200; 2d – aneurysm 
(grey arrow), x400; 2e – vasodilatation in central venous si-
nus (double-headed arrow), proliferation of gill epithelium 
(grey arrow), lamellar fusion (black arrow) , x200; 2f – an-
eurysm (black arrow), lamellar lifting (grey arrow), x400
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Presence of oedema along with detachment of the 
lamellar epithelium is the first sign of pathology in 
fish and one of the more frequent lesions observed 
in gills of fish exposed to heavy metals (Santos et 
al. 2011). Similarly to Camargo, Martinez (2007) 
we consider that these alterations could serve as an 
adaptive and protective mechanism of the fish or-
ganism against the metal-contaminated metals water 
of Topolnitsa Reservoir. Proliferative changes can 
increase the water blood distance and reduce the ab-
sorption of metals but, in turn, decrease the respira-
tory surface area, which reduces the effectiveness of 
gas exchange ion uptake (De Boeck et al. 2007). We 
could speculate that the proliferative alterations in 
the gill epithelium of both investigated species in our 
study were one of the dominant lesion types owing 
to the fact that the fish protective mechanisms most 
likely work towards forcing cell division instead of 
cell death. Aneurysms result from extended vasodil-
atation with the collapse of pillar cells and the break-
down of vascular integrity (Martinez et al. 2004). 
Garcia-Santos et al. (2007) observed an increased 
frequency of aneurysms in fish from contaminated 
areas, and affirmed that they can be associated with 
the presence of metals in the water. 

Overall, we found more severe gill alterations 
in common carp than common rudd, and this result 

shows that carp is more sensitive than common rudd 
in terms of histological changes induced by metals. 
We consider that this fact may be due to the specific 
biology of this species, e.g. behaviour, different pref-
erences to the depth of the water layer, and not that 
that much the diet itself. For example, common rudd 
searches for food mainly in the surface water layers, 
whereas common carp is a benthic fish, which is rel-
atively sedentary and it searches for food and spawn 
on sediments. Furthermore, we assume that the pol-
luted sediments from Topolnitsa Reservoir can have 
even more negative effects than the water on the fish 
gills, their morphology and functions. Georgieva et 
al. (2014) already showed results from a preliminary 
study, which investigated how the metal-contami-
nated sediments from Topolnitsa Reservoir reflected 
the gill epithelium of common carp. Thus, we think 
that further investigations need to be carried out in 
this particular area in order to better understand how 
this altered freshwater ecosystem impacts the mor-
phology and physiology of native fish.

Acknowledgements: We thank everyone at the accredited re-
gional laboratory of the Executive Environment Agency in Plo-
vdiv, Bulgaria, who have been helping with the metal analyses 
and the local fisherman who is always eager to catch all fish 
samples which are needed for our research.

Table 3. Histological alterations in gills of common carp and common rudd gills from Topolnitsa Reservoir.

Histological alteration
Spring Summer Autumn

Carp Rudd Carp Rudd Carp Rudd
Lamellar lifting +++ +/- +++ + ++ +/-
Оedema ++ +/- ++ + + +/-
Proliferation of gill epithelium + +/- ++ + + +/-
Lamellar fusion + +/- ++ + ++ +/-
Degeneration of lamellae +/- - +/- +/- - -
Vasodilatation in central venous sinus +/- +/- + +/- - -
Vasodilatation in the secondary lamellae +/- + + + + +/-
Aneurysms - - + + - +/-

none – (-); mild – 10-20% – (+/-); moderate – 30-50% – (+); severe – 60-80% – (++); and very severe – above 80% – 
(+++).
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