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Abstract: The concentration of heavy metals (Cu, Fe and Zn) were determined by atomic absorption spectrophotometry in the river water and the edible
muscle tissues of chub, Leuciscus cephalus, from river Yildiz, Turkey, and in the waste water. The following results were found in the water of the river Yildiz:
Cu 0.03-0.53, Fe 0.91-1.96 and Zn, 0.53-1.49 ugl", in the waste water: Cu 0.20-0.52, Fe 1.22-2.29 and Zn 0.92-1.46 ugl" and in the edible muscle of chub:
Cu 1.00-3.79, Fe 7.21-17.04 and Zn 4.12-18.33 ug g "' wet weight respectively. Among the heavy metals studied Pb, Cd, Co, Cr, Ni and Mn were not detected
in the river water, waste water and chub samples. Heavy metal contents in these samples were evaluated and the highest concentrations of Cu, Fe and Zn
were found in the muscle tissue. The levels of the heavy metals were detected in decreasing order as iron > zinc > copper. All the samples contained
comparatively lower amounts of metals as suggested by intemational and national regulatory bodies. Thus, we recommend periodic monitoring of these metals

in the fish consumed by local people.
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Introduction

Increasing population, urbanization and industrialization
inthe past century have resulted inincreased domestic and industrial
effluent being discharged into the aquatic system (Ajmal et al.,
1988; Ekpo and Ibok, 1999). These wastes are a potential source of
heavy metal pollution in the aquatic environment (Pfeiffer et al.,
1986; Unlu et al., 1996; Muley et al., 2007). In recent years,
programmes for the monitoring river pollution, including the monitoring
of heavy metals, have beeninitiated in Turkey (Gey, 1985; Goksu et
al., 2003; Karadede et al., 2004; Tezcan and Ozbay, 1984).

All heavy metals are potentially harmful to most organisms at
certain level of exposure and absorption (Yilmaz, 2003; Ozdilek et
al., 2007). As distinct from organic substances, they can migrate and
accumulate in different components of natural ecosystems (water,
soil, bottom deposits and living organisms). Most heavy metals are
supposed to accumulate in aquatic animals and pass their toxic effects
onto the upper links of the trophic chain, including human beings
(Karadede and Unlu, 2000; Sindhe and Kulkarni, 2005; Yigit and
Altindag, 2006). The contamination of a river with heavy metals may
have a devastating effect on the ecological balance of the aquatic
environment with the diversity of aquatic organismsbecoming limited in
accordance with the extent of the contamination (Canli et al., 1998;
Samanta et al., 2005).

The river Yildiz is one of the major tributaries of the river
Kizilirmak, which is the largest river in Turkey. In the province of
central Anatolia, this river drains and receives effluent water
discharged from hot spring water located ina recreational area. This
may increase the magnitude of environmental pollution in the near
future. The effects of the hot spring water on the river Yildiz have

not yet been clearly identified and little attention has been paid to
pollution controlin relation to the possible impact of metals on the
environment.

The aim of this study was to determine the concentration of
heavy metals in the river water and the edible muscle tissues of
chub, Leuciscus cephalus from the river Yildiz, Turkey and in the
wastewater discharged hot spring water.

Materials and Methods

Study area: The study area is located in the city of Sivas, central
Anatolia. The river Yildiz runs from the Yildizmountain to the river
Kizilirmak, and is about 140 km long. A total of 6 sites were selected
as representative regions of the river and are shown in Fig. 1:
locality (loc.) 1: below Zengi village; loc. 2: Cigil Creek; loc. 3: upper
Hayranli village; loc. 4: Hot spring water; loc. 5: below Yildiz site; loc.
6: Incesu village. The sites were chosen according to the location of
principal sources of pollution. For example, locality 5 receives effluent
discharged from hot spring water. The other locations receive
domestic, agricultural effluents and sewage water from areas
surrounding the river.

Sample collection: The main fish species of the river Yildiz are
Barbus plebejus, Leuciscus cephalus, Capoeta capoeta, Capoeta
tinca and Cyprinus carpio. Of them, Leuciscus cephalus (Family:
Cyprinidae) was selected for the present study and caught in each
of the four seasons from February to November 1993 from four
(1, 3, 5 and 6) localities (Fig. 1) in the river Yildiz, where these
species are widely distributed in the aquatic environment and has
commercial importance. These fishes have omnivorous nature
(Geldiay and Balik, 1988).
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Fig. 1: Map of the river Yildez, Turkey, showing locations of study area

Atotal of 25 chub were caught from the river Yildiz by net
and electro-fishing. Their size and weight were immediately measured
and estimated as 13.34+3.93 (7.0-19.2) cm and 25.97+18.83
(2.26-59.06) g respectively. The fish samples were transported
daily to the laboratory in an ice-box and were kept in deep freeze at
-21°C until analysis.

Water samples were taken from the same localities as the
fish (Fig. 1). Samples were collected manually from the middle of the
river stream, 10 cm below the surface using polyethylene bottles.
One liter of each sample was preserved with 10 ml of 6N nitric acid
and stored at 5°C.

The water samples for heavy metal analysis were either
filtered through Whatman filter paper No.1, and 1000 ml of the filtered
samples were acidified to pH 2 with 20 ml of 6 N HNO,, or after
extraction in methyl-isobutyl-ketone (MIKB). Standard solutions for
Fe, Zn, Cu, Pb, Co and Cd were prepared according to the analytical
methods for atomic absorption spectrophotometry (Kalfakakou and
Akrida-Demertz, 1987; Mathis and Cummings, 1973).

Analytical procedure: For analysis, muscle samples were taken
(approximately 3-5 g) from the dorso-lateral surface of each fish and
weighed. After being individually transferred to previously weighed
50 ml glass vials and dried inan oven for 24 hrat 105°C, they were
digested on a hot plate by adding nitric acid and hydrogen peroxide
(1:1) v/v according to FAO Fisheries Technical Paper No. 158
(Bernhard, 1976). The digested samples were diluted to 50 ml
with deionized water.

Analysis of the heavy metals in both the water and the fish
samples was carried out using a flame atomic absorption

spectrophotometry (Perkin ElImer model 603) to determine the levels
of iron, zinc and copper. Heavy metal concentration in water is
presented in pug I, andin the edible muscle tissues of the chub as
ug g'of the wet weight.

Statistical procedure: Statistical analysis of the results was carried
out by one-way analysis of variance (ANOVA) (Ozdamar, 1999).
The Duncan-test forindependent samples was used to determine
significant differences. The level of significance was taken as p<0.05.

Results and Discussion

The results for overall metal burdens are summarized in
Table 1, 2, 3 and 4 respectively. Copper concentrations were
observed lower in the river water than in waste water and in the
muscle of Leuciscus cephalus. However, iron levels were found
higher in the muscle of chub , Leuciscus cephalus comparatively
than in the waste water and river water (Table 1 and 4). Zinc values
were not high among the examined samples. Although iron inall the
samples was higher than the zinc and copper. Significant differences
were found between iron, copper and zinc levels in the water
(p<0.05). The concentration of the heavy metals was determined
to be in the order iron >zinc >copper. A highly significant correlation
between the elements in the edible muscle tissue of chub, Leuciscus
cephalus analyzed was observed statistically and shown in Table 2
and 3. There was a positive relationship (r=0.78, p<0.05) between
the copperand zinc concentrations. There was no clear difference
inthe levels of the metals tested when factors such as length, age
and weight were compared. No significant differences (p>0.05) were
observed between the water and the muscle tissues. While lead,
cadmium, cobalt, chromium, nickel and manganese were not present
at detectable levels in the water and muscle.
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Table - 1: The mean concentrations of copper, iron and zinc determined in the water and waste water collected fromthe monitoring sites along the river
Yildiz

Heavy Months Localities
metals
1 2 3 4" 5 6
February 0.44+0.10 0.23+0.02 0.3840.10 0.23+0.11 0.23+0.10 0.19+0.03
Copper May 0.53+0.21 0.15+0.07 0.15+0.03 0.52+0.08 0.26+0.03 0.19+0.02
(Cu) August 0.30+0.03 0.07+0.01 0.03+0.01 0.20+0.04 0.07+0.02 0.26+0.01
November 0.41+0.01 0.36+0.10 0.24 +0.02 0.38+0.02 0.41+0.21 0.16+0.04
February 1.59+0.60 1.44+0.15 1.16+0.23 1.96+0.36 150+0.26 1.38+0.24
Iron May 1444042 1.38+0.12 1.38+0.32 2.14+0.62 1.96+0.34 1.38+0.16
(Fe) August 1.38+0.13 1.2740.26 1.27+0.52 1.22+0.24 141+£0.22 1.66+0.33
November 1.36+0.21 1.3040.32 0.9140.10 2.29+0.42 1.23+0.09 1.10+0.32
February 0.53+0.12 0.64+0.21 0.65+0.22 1.02+0.06 1.00+0.08 1.12+0.13
Zinc May 0.76+0.09 0.54+0.14 0.62+0.12 1.05+0.10 1.05+0.07 1.41+0.21
(2n) August 0.60+0.08 0.72+0.23 0.68+0.15 0.92+0.08 0.74+0.04 0.77+0.09
November 1.44+0.22 1.3240.36 1.46+0.13 1.46+0.36 1.49+0.22 1.21+£0.20

"All values in pg " (Mean valuestS.E.)
“Waste water locality

Table - 2: The average concentration of the heavy metals in the muscle tissues of the chub caught from the monitoring sites along the river Yildiz

Sites N Cu Fe Zn

X SE Min  Max X SE. Min  Max X SE. Min  Max
1 9 1.8240.77 1.06-2.87 12.40+3.18 9.13-16.68 11.4144.00 7.65-16.15
3 5 1.4940.32 1.19-1.81 12.64+3.77 848-15.82 12.08+2.78 10.08-15.26
5 5 1.3120.27 1.01-1.50 12.42+3.64 10.26-16.63 8.67+3.49 4.78-11.53
6 6 1.9841.22 1.12-3.79 11.66+4.12 7.21-17.04 12.316.00 4.12-18.38
p value N.S N.S N.S

All values in pg g [Mean values (X)£S.E]

N =Total number of fish analysed

NS = Non significant

a, b =Indicates statistical differences among the mean within the same row (p<0.05)

Table - 3: Monthly variation of mean heavy metal concentrations detected in the muscle tissues of the chub from the river Yildiz

Months N Cu Fe Zn

X SE. Min  Max X SE. Min  Max X SE. Min  Max
February 6 247+1.07°  142-3.79 11.82+1.42% 10.26-13.63 15.3242.83%  11.53-18.33
May 4 1.70°+0.23*® 153-1.86 16.86+0.262 16.68-17.04 13.06£0.30®  12.85-13.27
August 7 1.1040.07°  1.01-1.19 12.20+4.73% 7.21-16.63 7.09°+321°  4.12-10.91
November 8 1.50+0.00®  1.49-1.50 1041+1.64° 8.48-12.48 10.34+2.63%  7.65-13.94
p value <0.05 <0.05 <0.05

All values in ug g [Mean values(X)£S.E]

N = Total number of fish analysed

NS = Non significant.

a, b =Indicates statistical differences among the mean within the same row (p<0.05)
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Table - 4: Mean, minimum and maximum heavy metal concentrations in the water, waste water and Leuciscus cephalus in the river Yildiz

Cu mean (Min - Max)

Fe mean (Min - Max)

Zn mean (Min - Max)

The river Yildiz water (ug I'")
0.25(0.03-0.53)

Wastewater (ug )
0.33(0.20-0.52)

L. cephalus (muscle) (Mg g™
1.69(1.00-3.79)

1.38(0.91-1.96)

1.90(1.22-2.29)

12.24(7.21-17.04)

0.94 (0.53-1.49)

1.11(0.92-1.46)

11.22(4.12-18.33)

The range and mean values of Cu, Fe and Zn in the river
water, waste water and the muscle of chub, Leuciscus cephalus,
were found very low. This may be probably a reflection of the
geological and pedological structure of the region. The heavy metals
considered in the present study generally occur in trace concentrations
under natural conditions. The waste water coming from hot spring
water directly is discharged to the river Yildiz without any remediation.
Singh et al. (1990) measured the concentrations of heavy metals in
effluents water of Hindusthan Copper Limited (HCL) and Uranium
Corporation of India Limited (UCL). But the level of heavy metals
found in the river water in this study were very much lower than
values reported from the river water in other point source-
contamination sites such as the river Subernarekha by Singh et al.
(1989) and in the river Calabar by Ekpo and Ibok (1999). This may
be directly related to the contamination of the rivers, Subernarekha
and Calabar, by Hindusthan Copper Limited.

The concentrations of Cu, Fe and Zn were higher in the
muscle tissue than in the river water and in the waste water. This is
probably due to the metabolic activities, feeding habits, ecological
needs, living modes as well as the different aquatic geochemistry of
the heavy metals. Similar results were also reported for a number of
different fish species (Davies, et al., 2006; Demirak et al., 2006).
Among the metals monitored, Fe was found in the highest
concentration (17.04 pg g), and Cu in the lowest concentration
(1.00 pg g) in the muscle tissue. Kress et al. (1999) also found low
Culevels in the fish muscle. These findings were already expected,
because Fe is used to transport oxygen throughout the aquatic
organisms (Bajc etal., 2005). Znis an essential trace element for
living organisms and is important for nucleic acid synthesis
and also occurs in many enzymes. Copper also is responsible
for hemocyanine synthesis, oxygen transport and a good indicator
of urban effluents discharge (Carvalho et al., 2000). However, copper
and zinc are regarded as potential hazards that can endanger both
animal and human health. Knowledge of their concentrations in fish
is therefore important for both nature management and human
consumption of fish (Yilmaz et al., 2007). Muscle is not an active
tissue regarding the accumulation of metals such as gill and liver
(Bajc et al., 2005; Ekpo and Ibok, 1999; Filazi et al., 2003). In
contrast to this, the results found in the present work were the highest
bioaccumulation of analyzed metals in the muscle tissue, but the
concentrations of metals in this tissue were lower than the maximum
permitted concentrations proposed by the National Research Council
(NRC, 1989) and the Turkish Food Codes (TFC, 2002). A

comparison of these concentrations with our data clearly showed
that the lowest background values were presentin the river Yildiz.
The concentrations of the heavy metals in water and fish were found
to decrease in the order iron >zinc >copper, in agreement with the
literature (Ekpo and Ibok, 1999; Gey and Mordogan, 1988; Turkmen
et al., 2004).

Ahighly significant correlation between the elements in the
edible muscle tissue of Leuciscus cephalus analyzed was observed
statistically. There was a positive relationship (r = 0.78, p<0.05)
between the copper and zinc concentrations. Demirak et al. (2006);
Gey (1985), reported that Zn and Cu were found to have relatively
higher positive correlation coefficients. In addition, this finding can
show that some heavy metals can be related to geochemical structure
of the vicinity. There was no clear difference in the levels of the
metals tested when factors such as length, age and weight were
compared. These findings are similar to those in previous reports
(Demirak et al., 2006; Gey, 1988). No significant differences (p>0.05)
were observed between the water and the muscle tissues.

Consequently, in terms of ecological, fish are irreplaceable
bio-indicators of the degree of damage to the water environment.
Moreover, itis also important to monitor the contamination of fish with
heavy metals, because frequent consumption of the contaminated
fish presents a very serious health risk. The results of the present
study enabled us to determine the background concentrations of
these metals in both the water and the fish. These data will constitute
areference to future studies on the evolution of contamination in this
area. On the other hand, a potential danger may occur in the future
depending on the agricultural, recreational activities and the effluents
of the thermal therapy hospital in this region.

Therefore, the levels of metals accumulated in the fish, which
are commonly consumed by public, should be monitored periodically.
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