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Abstract: The concentrations of nine metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn), individual total 
metal load (IMBI) values and metal pollution index (MPI) were determined in water, sediment and 
European chub, Squalius cephalus (Linnaeus, 1758) inhabiting Sarıçay Stream Turkey. A total of sixty 
European chub samples and twelve sediment and water samples were taken and analysed seasonally 
between June 2011 and May 2012. Heavy metals were analysed by ICP-AES. The distribution of the 
IMBI values ranged from 0.040 to 0.418. Distribution patterns of IMBI in seasons and stations of 
European chub follow the sequence: spring> winter> summer> autumn, Station III> I> II, respectively. 
Result of high IMBI values in all seasons and stations can be explained by the fact that increasing MPI 
value of Zn, Fe and Mn. Among the heavy metals studied Cd and Co were below the detection limits in 
most seasons. The heavy metal concentrations in the edible tissue of European chub were compared with 
the tolerable national and international values in fish. The results obtained, showed that the heavy metal 
concentrations in edible tissue were excessive and were not safe within the limits for human consumption.   
 
 
Keywords: Squalius cephalus, IMBI, MPI, Heavy metal pollution, Sediment, Water.  

 
 

1. INTRODUCTION 
 
Freshwater environments are rapidly polluted 

due to activities such as the production of technology, 
continued industrialisation, population growth, and 
migration from rural areas to urban areas, unplanned 
urbanisation and destruction of natural areas (Eisler, 
1993; Nimmo et al., 1998; Al-Yousuf et al., 2000; 
Alam et al., 2002; Demirak et al., 2006). Waste and 
wastewater released after industrial activities include 
the heavy metals. Heavy metals which enter surface 
and underground waters have potential risks on 
organisms and this has become an important issue in 
recent years. Heavy metals tend to accumulate in 
living organisms. Metals are particular concern 
among environmental pollutants, because of potential 
toxic effect and ability to accumulate in aquatic 
ecosystems (Censi et al., 2006; Dalman et al., 2006). 
Significant quantities of heavy metals are discharged 
into rivers, which can be strongly accumulated, and 
biomagnified along water, sediment and aquatic food 

chains, resulting in sub lethal effects or death in local 
fish populations (Megeer et al., 2000; Jones et al., 
2001; Almeida et al., 2002; Xu et al., 2004). Fish 
might be considered as one of the most significant 
indicators in water, because they are often at the top 
of the aquatic food chain and may concentrate large 
amounts of some metals from the water (Rashed, 
2001; Mansour & Sidky, 2002). Also, fish are a 
regular component of the human diet; therefore they 
can represent a dangerous source of certain heavy 
metals (Barak & Mason, 1990; Papagiannis et al., 
2004; Özparlak et al., 2012). 

European chub was chosen to investigate 
because they are most abundant in small rivers and 
large streams and widely tolerant to most conditions 
(Andres et al., 2000). Adults are solitary while 
juveniles occur in groups. Feeding larvae and 
juveniles live in very shallow shoreline habitats and 
feed on a wide variety of aquatic and terrestrial 
animals and plant material; large individuals prey 
predominantly on fish and breed in fast-flowing 

mailto:ogluburak@gmail.com
mailto:yorulmaz@mu.edu.tr
mailto:okangenc@mu.edu.tr
mailto:yfevzi@mu.edu.tr
mailto:yorulmaz@m


86 

water above the gravel bottom, rarely among 
submerged vegetation (Kottelat & Freyhof, 2007). 

The aim of this study is to determine 
concentrations of cadmium (Cd), cobalt (Co), 
chromium (Cr), copper (Cu), iron(Fe), manganese 
(Mn), nickel (Ni), lead (Pb), zinc (Zn) in sediment, 
water and edible tissue (muscle) of European Chub, 
taken from Sarıçay stream in the South-West of 
Turkey by applying the individual mean (multi-
metal) bioaccumulation index, condition factor and 
also MPI was used to find IMBI values which got 
affected by these metals. 
 

2. MATERIALS AND METHODS 
 
2.1 Study area 
 
Sarıçay stream is about 50 km in length. 

There are two dams on Sarıçay which are called 
Akgedik and Geyik. Three sampling points were 
selected (Fig. 1) in the research area. The first 
station (station I) was chosen upstream in front of 
the dam, where there is agricultural activity. The 
second station (station II) was located in the area 
where the water slows down. This sampling point is 
rich in the view of aquatic organism’s biodiversity. 
The third station (station III) was chosen after the 
industrial companies which produce animal 
nutrition, olive oil and concrete plant. This sampling 
point was also affected by the fertilisers and 
pesticides used for agricultural activity. 

 
2.2. Sample collection and preparation 

 
During the study period, four fishing 

expeditions were carried out in the Sarıçay Stream 
between September 2011 and August 2012. The 

samples were collected by electrofishing, using Deca-
Lord-12 V generator which produces 250–600 V. Total 
of sixty European chub samples were transported to the 
laboratory in a thermos-flask with ice on the same day 
in each study period. Approximately 5 g of muscle 
from each sample were dissected, washed with 
deionised water, packed in polyethylene bags, and 
stored at -200C prior to analysis. Sediment and water 
samples for metal analysis were also collected from the 
same 3 stations, which were chosen for fish sampling. 
Water samples were collected in polyethylene bottles. 
Samples were acidified with 10% HNO3, put in an ice 
bath and brought to the laboratory. Then samples were 
filtered through a 0.45 μm micro pore membrane filter 
and kept at −20°C until analysis. The surface sediments 
were collected with sediment collector with an acid-
washed plastic scoop and returned to the laboratory in 
polyethylene bags. The samples were sieved through a 
2-mm sieve. 

The Standard length (L) and weight (W) of all 
sixty fish were immediately measured and estimated 
(mean and standard deviation) as 135.4±17.4 mm 
and 383.1±203.6 g respectively; their muscle tissues 
were put into polyethylene containers. 

 
2.3. Analytical procedures 

 
For muscle tissue samples, 0.5g wet tissue 

samples taken of each fish were put into digestion 
flasks and 30% hydrogen peroxide and 70% nitric 
acid (Merck) were added. The digestion flasks were 
then put on a microwave digestion unit (speedwave 
four microwave digestion system) to 120°C 
(gradually increased) until all the materials were 
dissolved. 

 
Figure 1. Sarıçay Stream and sampling sites. 
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After digestion the digested samples were 
diluted with ultra-distilled water appropriately in the 
range of standards which were prepared from stock 
standard solution of the metals (Merck). The 
solution was transferred, diluted and filtered through 
0.45μm nitrocellulose membrane filter (Alam et al., 
2002). All reagents were of analytical reagent grade. 
Deionised water was used throughout the study. 
High purity argon was used as inert gas (Karadede et 
al., 2004). For sediment, 0.5 g dry sediment samples 
were placed in a Teflon vessel (100 ml capacity) and 
digested with HNO3 (4 ml), HF (4 ml), and HCI (2 
ml).  Teflon vessels were then put on a microwave 
digestion unit and follow the same order as fish 
sample. All samples were analysed simultaneously 
two times for Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn by 
ICP-AES Optima 2000-Perkin Elmer (Inductively 
Coupled Plasma-Atomic Emission Spectrometry). 
Detection limits (µg l-1) were as follows: Cd 
(0.001), Co (0.001), Cr (0.007), Cu (0.014), Pb 
(0.001), Zn (0.006), Ni (0.004), Mn, (0.005), Fe 
(0.003). Standard reference materials were as 
follows: for water SRM-143d, National Institute of 
Standards and Technology; for sediment CRM-277, 
Community Bureau of Reference; for fish DORM-3 
(National Research Council Canada, Ottawa 
Ontario, Canada) used and replicate analysis of these 
reference materials showed good accuracy, with 
recovery rates for metals between 91% and 109% 
for fish, 92% and 104% for sediment and between 
94% and 102% for water. 

 
2.4. Statistical analyses of condition and 

heavy metal data 
 

The linear regression analyses were applied to 
data to compare the relationships between length and 
weight. Condition index (CI) was calculated as CI = 
100W/Lb, where respectively L and W relate to 
standard length in centimetres and body weight in 
grams, b = the value obtained from the length-
weight equation (King, 1995). IMBI has been used 
in many investigations for European eel Anguilla 
anguilla, Blue crab Callinectes sapidus and fresh 
water mussels Unio sp.  as a good monitoring tool 
(Maes et al., 2008; Esteve et al., 2012; Genç & 
Yilmaz 2015; Genç et al., 2015).  

 Relative bioaccumulation index was 
calculated by dividing (standardizing) the individual 
concentration of heavy metal i (Ci) by the maximum 
observed concentration (Cimax) and averaging over 
all metals, to relate heavy metal bioaccumulation to 
condition. Thus, the individual mean (multi-metal) 
bioaccumulation index (IMBI) was defined as: 

 
with n the total number of metals, Ci the 

individual concentration of heavy metal i, Cimax the 
maximal observed concentration of heavy metal i 
and 0 < IMBI < 1 (Maes et al., 2005).  

The Metal Pollution Index (MPI) was used, 
obtained with the equation (Usero et al., 1997); 
MPI = (Cf1 x Cf2, . . .Cfn)1/n , 
where, Cfi = concentration for the metal ‘i’ in the 
sample. 
 Statistical analysis of data was carried out 
using Stat soft and SPSS 20.0 statistical package 
program. The nonparametric Kruskal–Wallis and 
Mann-Whitney test was used to assess whether 
metal concentrations varied as significantly between 
stations. Also, Pearson’s correlation matrix was used 
between fish and sediment water heavy metal 
values.  

 
3. RESULTS AND DISCUSSION 

 
The mean of metal concentrations of Cd, Co, 

Cr, Cu, Fe, Mn, Ni, Pb and Zn in water and sediment 
are shown in table 1. The table is generated by 
comparing measured concentrations of elements 
with water quality standards currently effective in 
Turkey (TEG, 1988; USEPA, 1999). Water quality 
regulations in Turkey divide inland waters into four 
classes. Class I indicates to clean water that can be 
used for domestic purposes after simple disinfection, 
for recreational purposes or for irrigation. Class II 
indicates to fairly clean water that can be used as 
domestic water after treatment, for recreational 
purposes or for fishing, farming, etc. Class III 
indicates to polluted water that can only be used as 
industrial water after treatment. Class IV indicates to 
heavily polluted water that should not be used at all 
(TEG, 1988; Demirak et al., 2006). In water, Cd was 
below the detection limit in all seasons and stations. 
The highest mean values for all analysed metals, 
except Ni, were found in stations III, and lowest 
metal concentrations of all metals were found in 
stations II. According to TEG (1988) only the 
average Fe concentration was found Class II. The 
other metal average concentrations were found Class 
I. When heavy metal levels of water compared with 
the priority toxic pollutants (USEPA, 1999) average 
metal concentrations of Sarıçay stream waters were 
observed lower than the criteria maximum 
concentrations (CMC) and criterion continuous 
concentration (CCC) values of the US EPA water 
quality criteria (Table 1). The background levels for 
metals in sediments and the probable effect 
concentrations for sediments were given in table 1. 
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Table 1. Comparison of overall metal concentrations in water (µg l-1) and sediment (µg g-1) of Sarıçay Stream with guidelines 
  Cd Co Cr Cu Fe Mn Ni Pb Zn 
Present study  
(Sedimenta) 

Mean±SE 0.80± 0.08 35.9±3.75 38.24±3.17 47.12± 2.89 8068± 388.49 265.98± 15 32.01±1.94 32.56± 3.29 123.6±  11.9 
Min-max BDL-1.83 7.54-92.12 12.70-99.78 8.74-102.56 2617-14062 43.36-417.8 13.22-68.91 5.92-84.85 9.09-347.55 

PECb max 5 - 111 149 - - 49 128 459 
BCc max 0.4 - 17 8 - - 11 14 67 

Present study  
(Water) 

Mean±SE BDL 1.53±0.18 6.70± 0.46 2.25± 0.23 649.79± 74.49 51.01± 2.33 7.37± 0.31 0.57± 0.05 32.2±    1.53 
Min-max - BDL-4.08 3.00-14.15 BDL-6.23 109.34-

2287.17 29.71-87.49 4.20-12.14 BDL-1.04 14.00-52.60 

Water quality 
criteriad 

CMC 4.3  - 16 13  - - -  65 120 
CCC 2.2  - 11 9  - -  - 2.5 120 

Turkish 
Environmental 
Guidelinese  

Class I 3 10 20 20  300 100 20 10 200 
Class II 5 20 50 50  1000 500 50 20 500 
Class III 10 200 200 200  5000 3000 200 50 2000 
Class IV >10 >200 >200 >200  >5000 >3000 >200 >50 >2000 

a Number of examined samples 12; SE: Standard error; Min–max: minimum–maximum levels; BDL: Below the detection limit. 
b PEC: probable effect concentrations (MacDonald et al., 2000). 
c BC: background concentration (Bervoets & Blust, 2003).  
d Turkish Environmental Guidelines, TEG (1988). 
e CCC: Criterion Continuous Concentration; CMC: Criteria Maximum Concentrations, (USEPA, 1999). 
 

Table 2. The mean heavy metal concentrations (µg g-1 wet weight) in muscles of European chub in Sarıçay Stream 
Period Station Cd Co Cr Cu Fe Mn Ni Pb Zn 

Autumn 
1. BDL** BDL 0.93±0.17a 1.19±0.29a 29.17±6.19a 12.87±3.12a 0.78±0.15a 0.18±0.16a 49.02±9.030a 
2. BDL 0.044±0.0a* 0.36±0.07b 0.94±0.19a 17.83±3.34a 4.19±1.17b 0.94±0.37a 0.04±0.03a 33.27±6.670a 
3. BDL 0.007±0.0a 0.58±0.15ab 0.46±0.12a 17.79±5.2a 3.92±1.29b 2.56±1.28a 0.25±0.14a 40.42±11.16a 

Winter 
1. BDL BDL 0.20±0.13a 1.10±0.39a 64.55±30.32a 7.06±0.74a 1.36±1.17a 1.61±0.65a 51.61±13.50a 

2. BDL BDL 0.96±0.96a 1.40±0.90a 27.57±19.71ab 4.28±1.02ab 1.09±0.47a 2.15±0.77ab 16.97±4.110b 

3. BDL 0.499±0.5 0.50±0.50a 1.54±0.49a 12.44±4.09b 3.65±0.63b 2.21±0.62a 3.74±0.48b 20.07±1.790ab 

Spring 
1. BDL BDL 0.88±0.51a 2.98±0.45a 0.18±0.17a 2.64±0.54a 1.80±0.13a 5.15±0.70a 12.71±1.370a 
2. 0.057±0.04a BDL 1.85±1.53a 2.44±0.61a 9.56±8.97ab 3.93±1.87a 1.78±0.65a 2.48±1.16ab 22.32±7.840a 
3. 0.121±0.01a BDL 2.39±0.99a 3.06±0.37a 26.19±4.19b 11.52±2.25b 2.15±0.76a 0.44±0.08b 31.53±7.520a 

Summer 
1. BDL BDL 0.54±0.19a 2.17±0.25a 23.83±3.60a 7.33±1.84a 0.49±0.20a 0.35±0.13a 96.64±67.85a 
2. BDL BDL 0.65±0.10a 1.90±0.28a 13.81±2.04b 4.61±1.14a 0.26±0.05a 0.42±0.06a 26.72±2.660a 
3. BDL BDL 1.78±0.51b 1.39±0.38a 12.84±2.43b 5.29±0.53a 0.84±0.23a 0.88±0.25a 43.70±9.540a 

Statistical differences of heavy metal accumulation on tissues are presented as letters (a,b,c), the statistically significant difference (p<0.05). 
*Mean values and ± standard deviation.  
**BDL: Below the detection limit. 
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The background levels are proposed by 
Bervoets & Blust (2003), based on total metal values 
measured at reference sites. The probable effect 
concentration (probable, severe and toxic effect 
levels of some metals) for sediment levels were 
reported by MacDonald et al. (2000). 

Mean concentrations of Fe, Mn, Ni and Zn 
(10164 μg g-1, 363.12 μg g-1, 42.30 μg g-1, 168.84 μg 
g-1, respectively) in the sediment from Sarıçay 
stream were found higher in station I, while for Cd, 
Co, Cr, Cu and Pb (1.13 μg g-1, 53.04 μg g-1, 53.00 
μg g-1, 54.63 μg g-1, respectively) the highest 
concentrations were determined in station III.  The 
mean concentrations of Cd, Cr, Cu, Ni, Pb and Zn in 
sediment from the Sarıçay stream were less than the 
probable effect concentrations (Table 1). However, 
the average values of Cd, Cr, Cu, Ni, Pb and Zn in 
sediment from the Sarıçay stream exceeded the 
background levels. Demirak et al., (2006) reported 
that average values of Cd, Cu, Pb, Zn and Cr never 
exceeded the probable effect concentrations, while 
average Cd, Pb and Cr concentrations were found 
higher than background levels. According to 
Bervoets & Blust (2003) Cd and Zn concentrations 
were found higher than background levels at all sites 
and Pb and Cu were determined higher than 
background levels at most stations, while the 
average values of Cr and Ni were not exceeded the 
background levels.  

As found for water and sediment, the 
concentrations of heavy metals in sediments and 
water were higher in station III and I than station II. 
Therefore, this stream is affected mainly by 
anthropogenic activities waste discharges from 
producing industrial, agricultural.  Increase of 
concentrations of heavy metals in station I might be 
explained by the agricultural activity land flushing 
that enriches rivers with continental heavy metals 
and increase of concentrations of heavy metals in 
station III may be explained by the wastewaters 
impact responsible of high levels of metals by the 
industrial activities (animal nutrition factory, oil 
factory and concrete plant) and agricultural activity.  

The present study focused on the 
accumulation of heavy metals in European chub and 
showed differences in the accumulation of heavy 
metals during the seasons, in each station. The mean 
accumulation of heavy metals of Cd, Co, Cr, Cu, Fe, 
Mn, Ni, Pb and Zn in seasonally and in muscle of 
European chub is shown in Table 2.  

The highest metal accumulation was 
determined (Zn 368.01 μg g-1) in station I in summer 
on a chub. Average Zn concentrations ranged from 
12. 71 μg g-1 to 96.64 μg g-1. In the present study, 
values were found higher than in the previous study 

of Sarıçay stream (Yilmaz et al., 2007). 
The highest concentrations of Cu was 

determined 4.96 μg g-1 in winter and station II, 
while lowest concentrations of Cu was found 0.074 
μg g-1 in autumn in stations III. Agtas et al., (2007) 
found highest Cu concentration 3.79 μg g-1 in the 
winter, while lowest Cu concentration was found 
1.01 μg g-1 in the summer in the muscle tissue of 
chub in Yildiz River. Cu concentrations are similar 
to reported earlier in fishes. According to Agtas et 
al., (2007), Cu and Zn concentrations were 
determined high in winter, while Fe concentration 
was found high in spring. 

Cu and Zn carefully regulated by physiological 
mechanisms in most organisms; accumulate in 
porphyrins and enzymes (Bowen, 1979). Besides, the 
activity of numerous enzymes (Cu-Zn superoxide 
dismutase, catalase, tyrosinase etc.) depends on the 
presence of Cu. The main role of Zn is that as a co-
factor in many enzymatic systems, it is involved in 
the utilisation of almost all nutrients. Manganese acts 
either as a co-factor for numerous enzymes involved 
in nitrogen, lipid and carbohydrate metabolism or as 
an integral part of enzymes (private carboxylase, 
lipase) (Schlenk & Benson, 2001). However, they are 
regarded as potential hazards that can endanger both 
animal and human health. Similar to the route of 
essential metals, non-essential ones are also taken up 
by fish and accumulate in their tissues (Allen-Gil & 
Martynov, 1995; Canli & Atli, 2003; Yilmaz, 2006). 
Cr values ranged from 0.15 μg g-1 to 7.89 μg g-1 in 
spring and station II. The highest concentration of Pb 
was determined 6.781 μg g-1 in spring in station I. Pb 
values were higher than reported previously in 
European chub (Yilmaz et al., 2007). Yilmaz et al. 
(2007), found Fe concentrations between 15.67- 135 
μg g-1 in European chub. In this study, concentration 
values of Fe were found between 2.40 μg g-1 in 
spring, station II and 183.60 μg g-1 in winter in station 
I. Fe values were found higher than previously 
reported values in same fish species in Sarıçay 
stream. Concentration of Mn was found between 
0.096 μg g-1 in station III and 20.79 μg g-1 in station I 
both in autumn. Duman & Kar (2012) found Mn 
concentration is higher in winter than the other 
season. In this study, Mn concentrations were found 
higher in autumn than in the other seasons. Our 
results of Mn content in the samples were similar the 
results reported by Yilmaz et al., 2007. According to 
Duman & Kar (2012), Cr, Mn and Cu concentrations 
were found high in the winter in muscle tissue of 
European chub. Mostly, the amount of heavy metals 
increased after the rainy season, as shown in spring 
and winter. High metal accumulation in winter and 
spring might be due to heavy rainfall during these 
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seasons, which increases the metal content of water 
by washing down (Dural et al., 2007). Some of the 
heavy metal concentrations are higher in station III 
(downstream) and the reason might be the factory that 
produces animal nutrition, oil factory, concrete plant 
and agricultural activity, which are situated near the 
station III. Regarding Co, Cd, Cu and Ni 
concentrations in European chub, there were no 
significant differences between. 

Correlation was applied to determine the 
relative importance of the different environmental 
compartments contributing to the variation in metal 
levels in the tissues. The Pearson’s correlation 
coefficient matrix for the element pairs was 
performed, as there was a linear relationship among 
the element pairs. Only Pb and Zn were found to 
have positive correlation coefficients between fish 
and environmental compartments (for Pb, r = 0.627, 
p<0.01 between sediments and muscle, for Zn, r = 
0.268, p<0.05, between sediments and muscle). Also 
Demirak et al., (2006) reported high correlations 
between muscle, gills with sediment in Zn and Cu 
concentrations. Zn and Cu concentrations in the gills 
of S. cephalus can be used as a bio-indicator for 
monitoring the degree of the pollution in the study 
area (Demirak et al., 2006). 

The distribution of the IMBI values ranged 
from 0.040 to 0.418 (Fig. 2). Increase of IMBI 
shows that individuals are more polluted. According 
to Maes et al., (2005) index value assessment was 
defined before 0.22 “low” and after 0.25 “high” 
polluted individuals.  
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Figure 2. The distribution of individual mean 
bioaccumulation index (IMBI) values in muscle of 

European chub. Increase of x-axis defines the pollution of 
individuals (N=60). 

 
The distribution of the results of individual 

mean (multi-metal) bioaccumulation index (IMBI) 
according to seasons and stations were given in the 
figure 3. According to IMBI, heavy metals pollution 
increases in spring in all stations. The highest metal 
concentrations of individuals were found to be in 
spring, at the station III. IMBI was found lower in 

the whole of station II, compared to stations I and 
III. Distribution patterns of IMBI in seasons of 
European chub follow the sequence: Spring> 
winter> summer> autumn (significant difference by 
Kruskal–Wallis and Man-Whitney, p<0.05). 

 

 
Figure 3. Comparison of individual mean 

bioaccumulation index values in muscle of European 
chub in different season from the stations. A line within 

the box marks the median. Whiskers above and below the 
box indicate maximum and minimum (excluding 

outliers). The numbers of individual outliers are indicated 
on the graph. (N=60). 

 
IMBI may explain distribution of total metal 

load seasonally but cannot introduce which metals are 
affecting these values.  IMBI values of most of the 
metals varied notably depending on the MPI values 
seasonally. The results of high IMBI values in all 
season except Fe value in spring may explain the fact 
that increase MPI values of Zn (37.31, 23.66, 16.96, 
36.89), Fe (18.75, 12.60, 0.45, 15.33) and Mn (4.27, 
4.46, 3.67, 5.09  all values in autumn, winter, spring 
and summer, respectively) and also may explain the 
high IMBI values in every station because of the 
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highest MPI values of Zn ( 32.92, 21.39, 29.07), Fe 
(5.11, 3.44, 14.86) and Mn (5.81, 3.19, 4.44 all values 
in station I, II and III, respectively). 
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Figure 4. Linear regression ( R =−0.26; p = 0.04) of 
heavy metal bioaccumulation (IMBI) and condition 

indices (CI) of European chub (N= 60). 
 

The regression equation between length and 
weight was log (W) = 2.798 log (L)− 1,606 (R Value 
0.918, N= 60, p < 0.001). The relative condition index 
(CI) was calculated as CI=100(W/L2.798) (Fig. 4). 
Significant negative correlations between the CI and 
heavy metal concentrations were determined only for 
Zn (r value -0.352, p<0.01) and Cu (r value -0.255, 
p<0.05). The significant negative correlations 
between CI and the IMBI were determined r -0.265, 

p<0.05. There is no significant correlation between 
condition index and heavy metals (except Zn and Cu) 
on chubs that are length and weight ranges between 
10.5-22 cm and 19-173g, respectively. 

According to Maes et al., (2005), regression 
analysis revealed a strong negative correlation 
between individual bioaccumulation and condition 
indices in Anguilla anguilla (European eel). 
According to the Tekin-Özan & Aktan (2012) study, 
negative relationships were found between fish 
weight and length and Ni in muscle. Also Tekin-
Özan & Aktan (2012) found positive relationships 
between Cr, Cu, Fe, Mn, Zn and weight, length of 
Scomber japonicas (chub mackerel). Yi & Zhang 
(2012) found positive correlations between fish size 
and Zn, Cd, Pb in grass carp, Coreius heterodom and 
Cyprinus carpio (common carp), while negative 
correlations were found in Silurus asotus (catfish) 
and Pelteobagrus fulvidraco (yellow-head catfish). 
Also, similar results between heavy metal 
concentrations and individual conditions factors 
were found. Their study showed that there are 
positive relationships between fish sizes and metal 
levels in most cases. Authman (2008) found a 
negative correlation between condition factors and 
iron, manganese, lead, copper and zinc on 
Oreochromis niloticus (Nile tilapia). 

 
Table 3. Heavy metal concentrations (µg g-1) in muscle tissue of European chub according to guidelines and other studies. 

 Cd Cr Cu Fe Mn Ni Pb Zn References 
Sarıçay Stream, Turkey 
(ww*) 0.01±0.01** 0.97±0.19 1.72±0.15 21.32±3.55 5.94±0.57 1.36±0.19 1.48±0.24 37.09±6.10  Present study 

Sarıçay Stream (I and II) 
(ww) 

0.02 and 
0.001 BDL*** 0.19 and 

0.57 4.47 and 4.24 0.11 and 
1.2 BDL 0.07 and 

0.30 
6.35 and 
9.66 

Yılmaz et al., 
(2007) 

Beyşehir Lake, 
Turkey(dw**) 0.58 0.24 - - - - 0.34 (dw) - Altındağ & 

Yiğit (2005) 
Beyşehir Lake , 
Turkey(ww) - BDL BDL 4.41 BDL - BDL 8.49 Tekin-Özan & 

Kir (2006) 
Dipsiz Stream, 
Turkey(ww) 0.01 2.54 0.79 - - - 0.23 11.06 Demirak et al., 

(2006) 
Enne Dam Lake, 
Turkey(ww) 0.07 BDL 0.87 11.32 0.38 1.11 BDL 16.31 Uysal et al., 

(2009) 
Menzelet dam lake, 
Turkey(ww) 0.32 - 3.17 - - - - - Erdoğrul & 

Ateş (2006) 
Almus Lake, Turkey 
(ww) 0.15 1.1 - - - - 1.1 30.85 Mendil et al., 

(2005) 
Amous UC and DC,  
France(ww) 

0.005 and 
0.005 - 0.36 and 

0.38 - 0.22 and 
0.20 - 0.04 and 

0.09 8.5 and 6.9 Casiot et al., 
(2009) 

Yamula Dam, Turkey 
(ww) 4.40 2.78 5.28 - 8.38 3.23 8.88 27.83 Duman & Kar 

(2012) 

FAO/WHO  0.50 - 30 - - - 0.50 40 FAO/WHO 
(1989) 

EC  0.05 - - - - - 0.30 - EC (2006) 
IAEA (Wyse et al.,2003) 0.19 0.73 3.28 146 3.52 0.60 0.12 67.10 Wyse et al., 

(2003) 
USEPA 4.00 - - - - - - - USEPA (2000) 
UNEP 0.30 - - - - - 0.30 - UNEP (1985) 
TFC 0.05 - 20 - - - 0.20 50 TFC (2002) 
*ww wet weight, **dw dry weight, ** Mean values and ± standard deviation,***BDL: Below the detection limit. 
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Also Farkas et al., (2003) noticed that there is 
negative relationship between the heavy metal 
concentrations of organs and the condition factor of 
Abramis brama (Common bream). According to 
Canli & Atli (2003), there were negative 
relationships between heavy metal levels and fish 
sizes in most cases. Nussey et al. (2000) recorded 
negative correlations between the length of the 
specimens and the Mn concentrations in the gills and 
liver as well as for Pb concentrations in the gills, 
liver and skin. These results indicate that the longer 
fish usually have the lower tissue metal 
concentrations. Canpolat & Çalta (2003) expressed 
that smaller fish are more active and need more 
oxygen to supply more energy. It is obvious that fish 
development is affected by heavy metals in water 
and juveniles are more sensitive than the mature 
stages (Heath, 1987; Weis & Weis, 1989; Friedmann 
et al., 1996; Canli & Atli, 2003; Tekin-Özan & 
Aktan, 2012). 

A significant increase of heavy metal 
concentrations (except Cd) was observed in Sarıçay 
stream in five years (Table 3). Heavy metal 
concentrations increase in Sarıcay stream has 
showed the impact of industrial organisation. This 
increase in short time is indicates to the high level 
heavy metal accumulation in the near future. Cd, Co, 
Cu, Fe, Zn mean concentration values were all lower 
than the limits of FAO/WHO, EC, IAEA, USEPA, 
UNEP and TFC. According to IAEA (Wyse et al., 
2003) limits, Cr values in the present study were 
found high. Average Pb values were also higher than 
the limits for fish proposed by FAO/WHO, EC, 
IAEA, UNEP and TFC. According to the priority list 
of Hazardous Substances established by the agency 
for toxic substances and disease registry (ATSDR, 
2013), the descending order of heavy metals 
threatening to human health were 
As>Pb>Cd>Ni>Zn>Cr>Cu>Mn. According to our 
results, the examined fish were associated with 
enhanced metal content in their muscle and were not 
safe within the limits for human consumption. 

 
5. CONCLUSION 
 
The study will be helpful for biomonitoring of 

aquatic environment in the context of heavy metal 
pollution in relation to human health hazard and also 
give information on IMBI, MPI and concentration of 
metals in European chub tissue in Sarıçay Stream. 
The study indicated that IMBI and MPI indices 
might be suitable for European chub. Also this study 
was carried out to provide information on heavy 
metal concentrations in European chubs inhabiting 
Sarıçay stream which were widely consumed by 

local people. As a result, it carries importance in the 
view of human health and food safety.  Based on the 
samples analysed, metal concentrations found in the 
muscles of European chub proved to be higher than 
the tolerance levels for human consumption. It is 
obvious that heavy metals pollution in tissue in 
Sarıçay stream is mainly due to the surface water 
runoff of agricultural activities and wastewater 
occurred by industrial activities. 

 
ACKNOWLEDGE 
 
This research was funded by TUBITAK BIDEB 

2209. Thanks also to Adam Cousins, for giving helpful 
advice on English grammar. 

 
REFERENCES 

 
Agtas, S., Gey, H. & Gul, S., 2007. Concentration of 

heavy metals in water and chub, Leuciscus cephalus 
(linn.) from the River Yildiz, Turkey. J. Environ. 
Biol. 28(4), 845-849 

Alam, M. G. M., Tanaka, A., Allinson, G., Laurenson, 
L. J. B., Stagnitti, F. & Snow, E., 2002. A 
comparison of trace element concentrations in 
cultured and wild carp (Cyprinus carpio) of Lake 
Kasumigaura, Japan. Ecotoxicology and 
Environmental Safety 53, 348-354.  

Allen-Gil, S. M. & Martynov, V. G., 1995. Heavy metals 
burdens in nine species of freshwater and 
anadromous fish from the Pechora River, Northern 
Russia. Science of the Total Environment, 160–161, 
653–659. 

Almeida, J. A., Diniz, Y. S., Marques, S. F. G., Faine I. 
A., Ribas, B. O., Burneiko, R. C. &Novelli E. I. 
B., 2002. The use of oxidative stress responses as 
biomarkers in nile tilapia (Oreochromis niloticus) 
exposed to in vivo cadmium contamination. Environ 
Int. 27, 673-679.  

Altındağ, A. & Yiğit, S., 2005. Assessment of heavy metal 
concentrations in the food web of lake Beyşehir, 
Turkey. Chemosphere 60, 552-556. 

Al-Yousuf, M., El-Shahawi, M. S. & Al-Ghais, S. M., 
2000. Trace metals in liver, skin and muscle of 
Lethrinus lentjan fish species in relation to body 
length and sex. Sci. Total Environ. 256, 87-94. 

Andres, S., Ribeyre, F., Tourencq, J. N. & Boudou, A., 
2000. Interspecific comparison of cadmium and zinc 
contamination in the organs of four fish species 
along a polymetallic pollution gradient (Lot River, 
France). Sci. Total. Environ. 248, 11-25. 

ATSDR (Agency for Toxic Substances and Disease 
Registry), 2013.Priority list of hazardous 
substances, Atlanta, Georgia, USA. 

Authman ,M,. 2008.  Oreochromis niloticus as a 
biomonitor of heavy metal pollution with emphasis 
on potential risk and relation to some biological 
aspects. Global Veterinaria 2:104-109 

Barak, N. A. E. & Mason, C. F., 1990. Mercury, 



93 

cadmium and lead in eels and roach: the effects of 
size, season and locality on metal concentration in 
flesh and liver. Sci Total Environ. 92, 249-256. 

Bervoets, L. & Blust, R., 2003. Metal concentrations in 
water, sediment and gudgeon from a pollution 
gradient: relationship with fish condition factor. 
Environ. Pollution, 126(1), 9–19. 

Bowen, H. J. M., 1979. Environmental chemistry of the 
elements. London Academic Press, pp. 269. 

Canli, M. & Atli, G., 2003. The relationships between 
heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the 
size of six Mediterranean fish species. Environ. 
Pollut. 121 (1), 129-136. 

Canpolat, Ö. & Çalta, M., 2003. Heavy metals in some 
tissues and organs of Capoeta capoeta 
umbla(Heckel, 1843) fish species in relation to body 
size, age, sex and seasons. Fresenius Environmental 
Bulletin 12:961-966 

Casiot, C., Egal, M., Elbaz-Poulichet, F., Bruneel, O., 
Bancon-Montigny, C., Cordier, M. A., Gomez, E. 
& Aliaume, C., 2009. Hydrological and 
geochemical control of metals and arsenic in a 
Mediterranean river contaminated by acid mine 
drainage (the Amous River, France); preliminary 
assessment of impacts on fish (Leuciscus cephalus). 
Applied Geochemistry 24, 787-799. 

Censi, P., Spoto, S. E., Saiano F, Sprovieri, M., 
Mazzola, S., Nardone, G., Di Geronimo, S. I., 
Punturo, R. & Ottonello, D., 2006. Heavy metals 
in coastal water systems. A case study from the 
northwestern Gulf of Thailand. Chemosphere 64, 
1167–1176. 

Dalman, Ö., Demirak,  A. & Balcı, A., 2006. 
Determination of heavy metals (Cd, Pb) and trace 
elements (Cu, Zn) in sediments and fish of the 
Southeastern Aegean Sea (Turkey) by atomic 
absorption spectrometry. Food Chemistry 95, 157-
162. 

Demirak, A., Yilmaz, F., Tuna, A. L. & Ozdemir, N., 
2006. Heavy metals in water, sediment and tissues 
of Leuciscus cephalus from a stream in 
southwestern Turkey. Chemosphere 63:1451-1458. 

Duman, F. & Kar, M. 2012. Temporal variation of metals 
in water, sediment and tissues of the European 
Chup (Squalius cephalus L.). Bull Environ Contam. 
Toxicol. 89, 428-433. 

Dural, M., Göksu, M. Z. L. & Özak, A. A., 2007. 
Investigation of heavy metal levels in economically 
important fish species captured from the Tuzla 
lagoon. Food Chemistry 102:415-421. 

EC (European Commission), 2006. Commission 
Regulation No. 1881/2006 of 19 December 2006 
setting maximum levels for certain contaminants in 
foodstuffs. Official Journal of European Union, 

Eisher, R., 1993. Zinc hazards to fish, wildlife, and 
invertebrates: a synoptic review US Fish Wildllife 
Service 85:90 

Erdoğrul, Ö. & Ateş, D. A., 2006. Determination of 
cadmium and copper in fish samples from Sır and 
Menzelet Dam Lake, Kahramanmaraş, Turkey. 

Environmental Monitoring and Assessment 117, 
281-290. 

Esteve, C., Alcaide, E. & Urena, R., 2012. The effect of 
metals on condition and pathologies of European 
eel (Anguilla anguilla): In situ and laboratory 
experiments. Aquatic Toxicology 109, 176-184. 

FAO/WHO, 1989. Evaluation of certain food additives 
and the contaminants mercury, lead and cadmium. 
WHO Technical Report, Series No. 505. 

Farkas, A., Salànki, J. & Specziàr, A., 2003. Age- and 
size-specific patterns of heavy metals in the organs 
of freshwater fish Abramis brama L. Populating a 
low-contaminated site. Water Research 37, 959–
964. 

Friedmann, A. S., Watzin, M. C., Brinck-Johnsen, T. & 
Leiter, J. C., 1996. Low levels of dietary 
methylmercury inhibit growth and gonadal 
development in juvenile walleye (Stizostedion 
vitreum). Aquatic Toxicology 35, 265–278. 

Genç, T. O., Yılmaz, F., İnanan, B. E., Yorulmaz, B. & 
Ütük, G., 2015. Application of multi-metal 
bioaccumulation index and bioavailability of heavy 
metals in Unio sp. (Unionidae) collected from 
Tersakan River, Muğla, South-West Turkey. 
Fresenius Environmental Bulletin 24(1a): 208-215. 

Genç, T. O. & Yılmaz, F., 2015 Bioaccumulation indexes 
of metals in blue crab (Callinectes sapidus Rathbun, 
1896) inhabiting specially protected area Köycegiz 
Lagoon (Turkey). The Indian Journal of Animal 
Sciences 85(1): 94-99.  

Heath, A. G., 1987. Water pollution and fish physiology. 
Florida: Crc Press, Pp. 245. 

Jones, I., Kille, P. & Sweeney, G., 2001. Cadmium delays 
growth hormone expression during rainbow trout 
development. J Fish Biol. 59, 1015-22. 

Karadede, H., Oymak, S. A. & Unlu, E., 2004. Heavy 
metals in mullet, liza abu and cat fish, silurus 
triostegus, from the Atatürk Dam Lake (Euphrates), 
Turkey. Environmental International 30, 183–188.  

King, M., 1995. Fisheries biology, assessment and 
management. fishing news books. Blackwell 
Science Ltd., Oxford, England. 

Kottelat, M. &Freyhof, J., 2007. Handbook of European 
freshwater fishes. Publications Kottelat, Cornol, 
Switzerland. 646 p. 

Maes, G. E., Raeymaekers, J. A. M., Pampoulie, C., 
Seynaeve, A., Goemans, G., Belpaire, C. & 
Volckaert F. A. M. J., 2005. The catadromous 
European eel Anguilla anguilla (L.) as a model for 
freshwater evolutionary ecotoxicology: relationship 
between heavy metal bioaccumulation, condition 
and genetic variability. Aquat. Toxicol. 73(1), 99-
114. 

Maes, J., Belpaire, C. & Goemans, G., 2008. Spatial 
variations and temporal trends between 1994 and 
2005 in polychlorinated biphenyls, organochlorine 
pesticides and heavy metal in European eel 
(Anguilla anguilla) in Flanders-Belgium. 
Environmental Pollution 153, 223-237. 

Mansour, S. A. & Sidky, M. M., 2002. Ecotoxicological 



94 

studies: 3.Heavy metals contaminating water and 
fish from Fayoum Gov. Egypt. Food Chemistry 78, 
15–22. 

MacDonald, D. D., Ingersoll, C. G. & Berger, T. A., 
2000. Development and evaluation of consensus-
based sediment quality guidelines for freshwater 
ecosystems. Archives of Environmental 
Contamination and Toxicology, 39, 20–31. 

Megeer, J. C., Szebedinszky, C., McDonald, D. G. & 
Wood, C. M., 2000. Effect of chronic sublethal 
exposure to waterborne Cu, Cd, Or Zn in rainbow 
trout 1: Iono-regulatory disturbance and metabolic 
costs. Aquatic Toxicology 50(3), 231-43. 

Mendil, D., Uluozlu, O. D., Hasdemir, E., Tuzen, M., 
Sari, H. & Suicmez, M., 2005. Determination of 
trace metal levels in seven fish species in lakes in 
Tokat, Turkey. Food Chemistry 90, 175–179. 

Nimmo, D. R., Willox, M. J., Lafrancois, T. D., 
Chapman, P. L., Brinkman, S. F. & Grene, J. C., 
1998. Effects of metal mining and milling on 
boundary waters of Yellowstone National Park, 
Usa. Environmental Management 22(6), 913–926. 

Nussey, G., Van Vuren, J. & Du Preez, H., 2000. 
Bioaccumulation of chromium, manganese, nickel 
and lead in the tissues of the moggel, Labeo 
umbratus (Cyprinidae), from Witbank Dam, 
Mpumalanga. Water Sa-Pretoria- 26:269-284. 

Özparlak, H., Arslan, G. & Arslan, E., 2012. 
Determination of some metal levels in muscle tissue 
of nine fish species from Beyşehir Lake, Turkey. 
Turkish Journal of Fisheries and Aquatic Sciences 
12, 761-770. 

Papagiannis, I., Kagalou, I., Leonardos, J., Petridis, D. 
& Kalfakaou, V., 2004. Copper and zinc in four 
freshwater fish species from Lake Pamvotis 
(Greece). Environ. Int. 30, 357-362. 

Rashed, M. N., 2001. Monitoring of environmental heavy 
metals in fish from Nasser Lake. Environ. Int. 27, 
27-33.  

Schlenk, D. & Benson, W. H.,  2001. Target organ 
toxicity in marine and freshwater teleosts. Volume 
1- Organs, Taylor and Franchis, London and New 
York. 

SPSS Inc., 2011. SPSS software 20. version. 
StatSoft, Inc., 2011. STATISTICA (data analysis software 

system), version 10. www.statsoft.com. 
TEG, Turkish environmental guidelines, 1988. 

Publications of Turkish Foundation of Environment. 
p. 847. 

Tekin-Özan, S. & Kir, I., 2006. Concentrations of some 
heavy metals in organs of two fish species from the 
Beyşehir Lake, Turkey. Fresenius Environmental 
Bulletin 15:530-534 

Tekin-Özan, S. & Aktan, N., 2012. Relationship of heavy 
metals in water, sediment and tissues with total 
length, weight and seasons of Cyprinus carpio L., 
1758 From Işikli Lake (Turkey). Pakistan J Zool 
44:1405-1416 

TFC, 2002. Turkish Food Codex. Official Gazette, 23 
September, No: 24885. 

UNEP, 1985. Reference Methods for Marine Pollution 
Studies, Determination of total Hg in marine 
sediments and suspended solids by cold vapour 
AAS, 26. 

USEPA, 1999. National Recommended Water Quality 
Criteria-Correction, Office of Water, EPA 822-Z-
99-001, p. 25 

USEPA, 2000. Guidance for assessing chemical 
contaminant, data for use in fish advisories. Risk 
assessment and fish consumption limits. third ed., 
vol. 2. Washington, DC. 

Usero, J., Gonzalez-Regalado, E. & Gracia, I., 1997. 
Trace metal in the bivalve mollusks Ruditapes 
decussates and Ruditapes philippinarum from the 
Atlantic coast of southern Spain[J]. Environment 
International, 23: 291–298. 

Uysal, K., Köse, E., Bülbül, M., Dönmez, M., Erdoğan, 
Y., Koyun, M., Ömeroğlu, Ç. & Özmal, F. 2009. 
The comparison of heavy metal accumulation ratios 
of some fish species in Enne Dame Lake 
(Kütahya/Turkey). Environmental Monitoring and 
Assessment 157, 355-362. 

Weis, J. & Weis, P. 1989. Effects of environmental 
pollutants on early fish development. Rev Aquat Sci 
1:45-73. 

Wyse, E. J., Azemard, S. & Mora, S. J., 2003. Report on 
the world-wide intercomparison exercise for the 
determination of trace elements and methylmercury 
in fish homogenate. IAEA-407, IAEA/AL/144 
(IAEA/MEL/72), IAEA, Monaco. 

Xu, Y. J., Liu, X. Z. & Ma, A. J., 2004. Current research 
on toxicity effect and molecular mechanism of heavy 
metals on fish. Marine Sciences. 28, 67-70. 

Yi, Y. J. & Zhang, S. H., 2012. The relationships between 
fish heavy metal concentrations and fish size in the 
upper and middle reach of Yangtze River. Procedia 
Environmental Sciences 13, 1699-1707.  

Yilmaz, F., 2006. Bioaccumulation of heavy metals in 
water, sediment, aquatic plants and tissues of 
Cyprinus carpio from Kızılırmak, Fres.Env. Bull, 15 
(5), 360-369. 

Yilmaz, F., Özdemir, N., Demirak, A. & Tuna, L., 2007. 
Heavy metal levels in two fish species Leuciscus 
Cephalus and Lepomis Gibbosus. Food Chemistry 
100, 830–835. 

 
 
 
Received at: 02. 11. 2014 
Revised at: 11. 02. 2014 
Accepted for publication at: 19. 03. 2015 
Published online at: 27. 03. 2015 

http://www.statsoft.com/

