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INTRODUCTION

Heavy metal from man-made pollution sources are 
continually released into aquatic ecosystems [1]. Metals enter 
the aquatic environment by atmospheric deposition, by erosion 
of the geological matrix, or from anthropogenic sources, such 
as industrial efl uents, and mining wastes. Bioaccumulation of 
trace metals by fi sh, together with the underlying mechanisms, 
has been extensively studied in fi eld and laboratory studies [2]. 

Industrial wastes, geochemical structure and mining of 
metals create a potential source of heavy metal pollution in 
the aquatic environment [3]. Under certain environmental 
conditions, heavy metals may accumulate to a toxic 
concentration and cause ecological damage [4, 5]. 

Sediments are the sink of metals in freshwater and marine 
environments [6, 7]. Total concentrations of most metals in 
sediments are several orders of magnitude higher than aqueous 
concentrations [8]. However, total metals concentrations 
in sediments are not necessarily related to the biologically 
available metal concentrations. Many chemical extraction 
procedures have been proposed to estimate the concentration of 
metals in soils or sediments, which may be directly or indirectly 
available to organisms. Other studies report a good correlation 
between extractable metal concentrations and metal content in 
some biota. [9]. 

The contamination of heavy metals is a serious threat 
because of their toxicity,long persistence, bioaccumulation 
and biomagnifi cation in the food chain [1]. Fish samples 
can be considered as one of the most signi.cant indicators in 
freshwater systems for the estimation of metal pollution level 

[10]. In recent years, much attention has been directed to the 
concentrations of some inorganic elements in freshwater fi sh 
and other aquatic organisms [11]. The commercial and edible 
species have been widely investigated in order to check for 
those hazardous to human health [12].

The common carp, Cyprinus carpio L., is one of the most 
extensively cultivated fi sh species in the world. Cultured carp 
consume arti.cial diets, generally commercial pellets containing 
32% protein and 3.5% lipids. In natural lake environments, on 
the other hand, the major food items of wild carp are found 
in the sediment. Omnivorous, sediment-dwelling, fi sh species 
such as carp may therefore accumulate heavy metals more 
readily than pelagic species as a result of exposure to the 
generally higher metal content of sediment compared with the 
water column [13].

Chemical, toxicological and ecological approaches have 
been studied extensively in assessing impacts of heavy metal 
pollution in aquatic environments. Each of these approaches 
has its inherent limitations. Aquatic organisms have been 
used in comparative monitoring of pollution e.ects in different 
systems and to locate the sources of toxicants [14, 15]. In sense 
of lives health and environmental pollution, determination of 
the heavy metal concentration in drinking water is as useful as 
determination of the same quantity in usage water. Demirköprü 
Lake’s water is important for farmers who using the Lake’s 
water for the agricultural irrigation in its surroundings.

Although, trace elements in various wastes contaminate into 
lakes by different ways play important roles in physiological 
activities of organisms at low concentrations, but when it 
goes beyond their natural concentration levels, it may become 
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hazardous to ecosystem. The present study was carried out to 
determine the levels of some heavy metals (Cd, Cr, Cu, Fe, Ni, 
Pb) in muscle, liver, gill, stomach-intestine, air sac and heart of 
fi sh species (Cyprinus carpio) from the Demirköprü Dam Lake. 
It should be noted that this fi sh species are considered to be an 
essential part of the diet in the region. Heavy metal levels in 
water and sediment samples from the area were also determined 
in the representative sites of the dam lake.

MATERIALS AND METHODS

Demirköprü Dam Lake is on the Gediz River in west 
Anatolia, Turkey (380  37’ N, 280  19 ‘E - 380  44’ N, 280  27 
‘E). Maximum lake capasity is 1.320.000.000 m3. Lake area 
is  47.66 km2 and stuffi ng capacity is 4.300.000 m3 [16]. In 
this study, surface water and sediment samples were taken 
from two different sampling sites at Demirköprü Dam Lake in 
2005 (Figure 1). The fi sh (Cyprinus carpio) samples were also 
caught from the same localities. The two determined stations 
have been determined considering the geographical structure of 
the dam, environmental conditions and sediment structure.

Figure 1. Demirköprü Dam Lake and Research Stations.
The samples were brought to the laboratory on the same day. 

Water samples have been put into 100 cc polyethylene bottles 
which are used for metal analyses of water. As soon as water 

samples are taken for analyses, bottle content has been acidifi ed 
by adding 1cc HCl (37%). By doing that biological activities 
of present microorganisms and bacteria were immobilized and 
metal conversion was prevented [17].

The sediments were dried at 105°C for 24 h. The dried 
sediments were passed through a 160 μm mesh stainless screen 
to remove larger particles. Fish samples were kept at 30°C 
until analysis. Before analysis, muscle, liver, gill, stomach-
intestine, air sac and heart from fi sh (Cyprinus carpio) were 
removed. Samples of tissues from fi sh were weighed and 
dried. Sediment and fi sh samples have been digested in the 
microwave digestion devices. A microwave digestion system 
(CEM Mars 5 ESP 1500 PLUS) was used to prepare the 
samples for analysis. Sediment and organic digesting works 
have been performed in accordance with the EPA 3051 (1986) 
methods [18]. The advantage of microwave digestion against 
the classical method are the shorter time, less consumption of 
acid and keeping volatile compounds in the solution [19, 20, 
21]. After digestion, the residues diluted to 25 ml with 05% of 
HNO3. Instrument calibrated standard solutions were prepared 
from commercial materials. The water used was deionized and 
distilled. The metal analysis of samples (Cd, Cr, Cu, Fe, Ni, 
Pb) were carried out by using Varian- Terra Model Liberty II 
ICP (Inductively Coupled Plasma) – AES (Atomic Emission 
absorption spectrophotometer). Heavy metal concentrations of 
samples have been given as ppm. All calculation was carried 
out on a Microsoft EXCEL program for winXP.

RESULTS AND DISCUSSION 

Concentrations of heavy metal concentrations in water and 
sediment are shown in Tables 1 and 2, respectively.

The data in Table 1 and Table 2 also show that the 
concentrations of Cr, Cu, Fe, Ni and Pb in water and sediments 
from Station 1 were higher than those obtained from Station 
2. The Cd, Cr, Cu, Fe, Ni, Pb concentrations in lake water in 
the two sampling sites are within the TSE-266, WPCL, CIW, 
WHO, EPA and EC standards. The average concentration of 

Table 1. The concentration of heavy metals in water from the Demirköprü Dam Lake and standards (TSE-266, WPCL, CIW, 
WHO, EPA, EC) (Mean±S.D, all values in ppm)

Locality Cd Cr Cu Fe Ni Pb
TSE-266 0.01 0.05 3 0.2 - 0.05
WPCL 0.003 0.02 0.02 0.3 0.02 0.01
CIW 0.01 0.1 0.2 5 0.2 5
WHO 0.01 0.05 - - 0.02 0.05
EPA 0.01 0.05 1.3 0.3 - 0.05
EC 5 50 2 0.2 20 10

Station 1 ND* 0.006±0.003 0.02±0.005 0.6±0.3 0.016±0.01 0.02±0.012
Station 2 0.001±0.005 0.005±0.001 0.01±0.005 0.26±0.28 0.007±0.005 0.009±0.006

C1 0.001 0.006 0.01 0.97 0.006 0.005
C2 0.0036 0.099 0.034 0.121 0.062 0.218
C3 0.22 0.062 0.015
C4 0.002 0.43 0.012

*Not determined.
TSE, Institution of Turkish Standards [22], WPCL, Water Pollution Control Legistation [23]
CIW, Criterions of the irrigation water [16], WHO, World Health Organization [24] 
EPA, Environment Protection Agency [25], EC, European Communities [26]
C1 Avşar Dam Lake [27], C2 Gediz River [28], C3 Atatürk Dam Lake [29], C4 Hazar Lake [30]. 
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Fe in the lake water is higher than the TSE-266, WPCL, EPA 
and EC standards. But the average concentration of Fe is very 
similar to standard values. Other heavy metal concentrations 
are lower than the TSE-266, WPCL, CIW, WHO, EPA and EC 
standards.

The results obtained from the water samples have been 
compared with “Environment Law-Water Pollution Control 
Legistation, Land-Based Water Quality Classifi cation” [23] 
and it has been found that the Demirköprü Dam Lake was of 
the fi rst quality water class (Table 1). It is clear that so far the 
Demirköprü Dam Lake does not have a pollution source in terms 
of heavy metals. In the criterions of the irrigation water report 
(CIW) given as a result “Gediz River Basin Study”, maximum 
heavy metal concentrations allowed in irrigation waters have 
been stated [16]. These values and our study results have been 
compared and found low heavy metal concentrations. In this 
case, the water taken from Demirköprü Dam Lake is proper for 
irrigation.

The heavy metals levels of water in Demirköprü Dam Lake 
are compared to the metal levels of water in Gediz River and 
Atatürk Dam Lake with the exception of Fe, which was lower. 
Although the concentrations of Ni and Pb in the lake water were 
higher than the Hazar Lake, the concentration of Cu was higher 
than the Avşar Dam Lake. 

Heavy metal concentrations in the lake water were 
decreased in sequence of Fe > Pb > Cu > Ni > Cr > Cd. Özözen 
investigated heavy metals concentrations in water of Avşar 

Dam Lake and reported the sequence to be in Fe > Cu > Cr > 
Cd > Pb > Ni.

The average concentrations of Cd and Fe in sediments 
obtained in this study are higher than those reported in Gediz 
River. The concentration is Pb was higher than the Avşar Dam 
Lake and the concentration is Cu was higher than the the Hazar 
Lake. The average concentration of Cu, Fe, Ni in the lake 
sediment are lower than the Atatürk Dam Lake.

Heavy metal concentrations in the lake sediments were 
decreased in sequence of Fe > Ni > Cu > Cr > Pb > Cd. Özözen 
investigated heavy metals concentrations in sediments of Avşar 
Dam Lake and reported the sequence to be in Fe > Ni > Cu > 
Cr > Pb > Cd.

The heavy metals levels of sediment in Demirköprü Dam 
Lake are compared to the metal levels of sediment in some 
lakes in world (Table 3). Generally the average Cd and Pb 
concentrations determined in Demirköprü Dam Lake was found 
to be lower than the other studies, Fe was higher. Differences 
between our data and those of partly originates probably from 
differences in geological mining history of localities and urban 
and domestic activities. 

The concentrations of heavy metals in the muscle, liver, 
heart, stomach-intestine, air sac and gills of Cyprinus carpio 
samples are given in Table 4. -Heavy metal concentrations in 
the fi sh samples were decreased in sequence of the muscle Fe 
> Cu > Ni > Cr  > Pb > Cd, the gill Fe > Ni > Cu  > Pb  > Cr  > 

Table 2. Mean concentrations of elements in sediments compared with data from the literature (in Turkey) (Mean±S.D, all 
values in ppm)
Locality Cd Cr Cu Fe Ni Pb
Station 1 0.7±0.3 6.75±2.54 15.1±4.6 15681±7043 14.3±8.1 6.5±4.4
Station 2 0.82±0.07 3.58±3.03 9.3±4.88 12631±5484 7.41±12.5 2.66±2.58
C1 0.76 14.48 29.98 25268 29.99 4.04
C2 0.64 140 257 5066 60.5 18.9
C3 - - 22.70 19265 139.69 -

C4 - - 6.4 30000 130 -
C1 Avşar Dam Lake [27], C2 Gediz River [28], C3 Atatürk Dam Lake [29], C4 Hazar Lake [30].

Table 3. Mean concentrations of elements in the lake sediments compared with data from the literature (in world) (Mean±S.
D, all values in ppm)

Locality Cd Cr Cu Fe Ni Pb

Station 1 0.7±0.3 6.75±2.54 15.1±4.6 15681±7043 14.3±8.1 6.5±4.4

Station 2 0.82±0.07 3.58±3.03 9.3±4.88 12631±5484 7.41±12.5 2.66±2.58

D1 0.2 - 37.40 53.20 - 14.60

D2 7.0 12.9 26.1 - - 54.6

D3 2 30 38 19393 17 10

D4 18.4 337 727 40.6 87 620

D5 1.9 - 25 - - 360

D6 1.20 1.15 2.05 30.2 1.60 9.7

D7 1.80 1.85 2.95 98.9 2.95 13.4

D8 1.25 1.30 2.65 44.1 2.05 12.9

D1 Tanganyika Lake [31], D2 Lake Victoria [32], D3 Lake Texoma [33], D4 Lake Geneva [34], D5 Lochnagar Lake [35], D6 
Wielkie Lake [36], D7 Boszkowo Lake [36], D8 Dominickie Lake [36].
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Cd, the stomach-intestine Fe > Cu >  Pb > Ni > Cr  >Cd, the air 
sac Fe > Pb >  Cu > Ni > Cr  >Cd, the heart Fe > Ni > Pb  > Cu  
> Cr  >Cd, the liver Fe > Cu > Ni > Pb  > Cr  > Cd.

When the values obtained in the Cyprinus carpio samples 
are compared with the tolerable values, it has been determined 
that the pollution has reached levels hazardous for the health of 
human (Table 5). Cd, Cr, Ni and Pb average values were higher 
than tolerable values.

The results confi rm the differences of accumulation of 
heavy metals in the different tissues. The highest concentrations 
of Cd, Fe, and Ni were found in the heart. Although, the highest 
level of Cu in the liver was found. Moreover, Cu accumulation 
in Cyprinus carpio was found to be the highest level in liver 
[38]. Studies carried out with various fi sh species have shown 
that heavy metals accumulate mainly in metabolic organs 
such as liver that stores metals to detoxifi cate by producing 
metallothioneins [39, 40, 41]. The ability of toad, Bufo marinus 
to tolerate high levels of hepatic metals is attributed to the 
localization of the metal in liver lysosomes where it is made 
innocuous [42]. 

Papagiannis et al., have determined the level of Cu in 
various tissues of the Cyprinus carpio species in Pomvatis Lake 
(Greece) [43]. In this research, it has been found that the highest 
level of Cu in the liver and the lowest level of Cu in the muscle. 
In our examples, it has been found that the level of Cu in the 
liver higher than the muscle.

The Fe, Cu, Cr and Ni accumulation in the muscle of 
Cyprinus carpio samples of Demirköprü Dam Lake is higher 
than those in Atatürk Dam Lake [29], Gölcük Lake [44] and 
Tokat’s Lakes [45]. Analysis of the heavy metal levels in muscles 
of fi sh samples showed that an average Fe is the highest and Cd 
is the lowest (Table 4). Similar results were reported from a 
number of fi sh species which shows that muscle is not an active 
tissue in accumulating heavy metals [29, 39, 41, 46].

Öztürk et al. have found that the highest level of Fe and the 
lowest level of Cd in the muscle, gill, air sac, stomach-intestine 
and liver of Cyprinus carpio species in Altınkaya Dam [47]. In 
our previous study, we determined that there were same results 

in metal concentrations of organs and tissues of the Cyprinus 
carpio samples.

Alam et al., the concentrations of elements were determined 
in the muscle, liver, intestine, kidney, and gonads of cultured and 
wild carp caught in Lake Kasumigaura, Japan. Despite having a 
reputation for being heavily polluted, the carp were not heavily 
burdened with metals. Metal concentrations were lowest in 
muscle, and did not exceed established quality standards for 
fi sh. The metal concentrations should pose no health problems 
for consumers of fi sh [48]. In our study, there are no high levels 
of heavy metals in fi sh. 

CONCLUSIONS

Consequently, it can be concluded that the concentrations 
of heavy metals in water from Demirköprü Dam Lake are lower 
than the TSE-266, WPCL, CIW, WHO, EPA and EC standards, 
with the exception of Fe. But the average concentration of Fe 
is very similar to standard values. The concentrations of Cr, 
Cu, Ni and Pb in sediments from Demirköprü Dam Lake are 
lower than the sediment samples obtained from Gediz River, 
which is known as a polluted site. There are high levels of 
heavy metals in fi sh, it has been determined that the pollution 
has reached levele hazardous for the health of human. Potential 
dangerous may occur in the future depending on the agricultural 
development in this region. As the Demirköprü Dam is also 
used for agricultural irrigation purposes, performance of 
pollution researches at certain periods is of signifi cance for both 
environment and public health.
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