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Abstract The accumulation of metals (Iron, Aluminium,
Zinc, Copper, Manganese, Boron, Chromium, Nickel, Cad-
mium, Lead) was seasonally (November 2009 to July 2010)
measured in sediment samples taken from different areas of
Beyler reservoir which is an important water source for
irrigation in West Black Sea region (Turkey). Metals in
sediment samples were analyzed by ICP-OES. The differ-
ence between the stations except for Zn metal (p < 0.05) has
not been considered as important and a statistical difference
between seasons for Fe, Ni metals (p < 0.01) and Cu metal
(p < 0.05) has been observed. The magnitude of metal
concentrations in sediment was determined as Alumin-
ium > Iron > Manganese > Zinc > Chromium > Copper >
Boron > Nickel > Lead > Cadmium. Enrichment factor
(EF) for all metals has been calculated (EF < 1). In the
evaluation done by considering the EF values, it is seen that
the metal concentrations found in the Beyler Dam Lake
sediment stem from the natural composition of the sediment.
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Lake sediment is like a gold mine of information in terms
of giving information about the past state of the lake and
the surrounding. It is an important source in examining the
transformation of toxic metals such as Zn, Pb, Cu, Ni and
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Cd. The examining of metals in lake sediment has been
used for long years in observing the environmental effects
(Salomans et al. 1987; ElBilali et al. 2002; Casas et al.
2003; Feng and Yang 2008).

Human activities (such as industrial wastes, settlement
wastes etc.) as well as geological structure constitute the
main source of metals in aquatic ecosystems (Karadede and
Unlii 2000; Demirak et al. 2006; Sekabira et al. 2010).

Metals cannot be biologically degraded like organic
contaminants and thus they accumulate especially in the
sediment by being absorbed in complex structures. Metals
which accumulate in the sediment may turn into factors
threatening the ecosystem well-being and may constitute a
danger and risk factor for the environment (Shrivasta et al.
2003; Wildi et al. 2004; DelValls et al. 1998).

Beyler Dam Lake is a reservoir (240 kmz) on Incesu
stream in north Anatolia, Turkey. Reservoir located
between 41°68'—41°69'N and 33°79'E. Chalcalburnus sp.
Leuciscus cephalus, Cyprinus carpio and Salmo trutta are
the main commercial fishes in the dam lake (DSI 2007).
The dam has got a great potential for fresh-water fishing.
Apart from closed season, it is an important area which the
locals use as hunting ground for sportive aims, rest area and
recreation spot.

In this research it has been aimed to determine the
availability rate and the concentrations of some of the
metals (Fe, Al, Zn, Cr, Cu, Mn, Ni, B, Cd ve Pb) found in
the reservoir of Beyler which is used for the irrigation of a
5,178 ha land.

Materials and Methods

Sediment samples were taken seasonally (November, Jan-
uvary, March, and July) in 2009-2010 at six sampling
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stations shown in Fig. 1 from Beyler reservoir. Ekman grab
sampler was used to collect the reservoir bottom sediments.
To avoid contamination, sediment was transferred into pre-
cleaned polythene bags and then frozen.

The sediments were dried at room temperature, crushed
to a powdered form and passed through a 63 um sieve.
Approximately 1 g samples of sediment digested with
concentrated HNO3 (65%) and HCI (37%) (3:1, v/v) in a
microwave digestion system (Berghof-MWS-2) to prepare
the samples for analysis. The operating conditions for
sediment are given in Table 1. All samples were diluted
with deionized water and filtered through a 0.45 pm
nitrocellulose membrane filter. Some blanks were prepared
in the laboratory in a similar manner to the field samples
(ElBilali et al. 2002; Buccolieri et al. 2006).

All metals were determined by Perkin Elmer 2100 DV
models ICP-OES. The following absorption wavelength
were used; Fe 259.9 nm, Zn 213.9 nm, Cu 324.8 nm, Mn
257.6 nm, B 249.8 nm, Cr 367.7 nm, Ni 221.6 nm, Cd
228.8 nm, Pb 220,4 nm and Al 396.2 nm. The metal

Table 1 Operating conditions to digestion the sediment samples with
wicrowave (Berghof-MWS-2)

Stage 1 2 3

T (°C) 180 100 100
Power (%) 99 99 40
Time (min) 25 10 5
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concentration in sediment was recorded as mg kg™ wet

weight. All working standard solutions were made from
stock solutions (1,000 mg Lfl) of all elements, which were
supplied by Inorganic Ventures crop, USA. High quality
water, obtained using a Human UP 900 system, was used
exclusively. Each sample was analyzed in triplicate.
Detection limits of elements are Cd 0.0012 mg g~ ', Cr
0.0027 mg g~ ', Cu 0.0069 mg g™, Fe 0.0381 mg g~ ', Mn
0.001 mg g~', Pb 0.0078 mg g~', Zn 0.0015 mg g~ ', Al
0.0057 mg g~ ' and Ni 0.0048 mg g~ .

The accuracy of analytical procedure was checked by
analyzing the standard reference materials. Recovery rates
ranged from 99% to 100% for all investigated elements.

The averages and standard deviations of the metal
concentrations have been calculated in accordance with
both stations and seasons. Student ¢ test (p < 0.05) has
been used in order to find whether there is a change
between the stations or the seasons. Statistical analysis of
data was carried out using SPSS 19.0 statistical package
programs for Windows (Serial number: 10241512).

Results and Discussion

The metal concentration dispersions as for the stations have
been shown in Table 2. It has been found out that the
dispersions among the stations apart from Zn is not sta-
tistically important (p < 0.05). None the less the highest
metal concentration values have been found in the third
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Table 4 Comparative metal concentrations in the sediment of Beyler Reservoir in previous studies (mg kg™")

Al Fe Mn Zn Cr Cu B Ni Pb Cd

Beyler Baraj Golii 21055.60  20468.71  346.14  39.68  19.41 17.47 1644 1321  5.62 0.21
Seyhan Baraj Goli® - 39350 803.63  39.09 11895  19.80 - - - 2.15
Atatiirk Baraj Goli® 12587 73.6 60.79 - 14.57 - - - -
Kovada Golii® 9990 7345 16596  23.14  17.59 13.77 - 2593 442 0.27
Avsar Baraj Golii® - 25268 - - 14.48 29.98 - 2999 244 0.76
Tokat Golleri® - 2138 232 38.9 10.7 8.2 - 5540  7.00 -
Ortalama Skala 80000" 46700" 850" 95' 90" 45" - 68" 20" 03¢

EF Degerleri Referans 0.600 0.0182  0.002 04913  0.8857 - 0.430  0.0004  0.000006

* Cevik et al. (2009)

® Karadede and Unlii (2000)
¢ Kir et al. (2007)

4 Oztiirk et al. (2009)

¢ Mendil and Uluézlii (2009)
f Buccolieri et al. (2006)

& Shrivasta et al. (2003)

station. The third station is located in the access point of
Incesu Stream and has a higher concentration than the other
station because of the metal load the stream brings.

The metal concentration dispersions as for the seasons
have been shown in Table 3. Statistically difference has not
been observed for the Fe, Ni metals (p < 0.01) and Cu
metal (p < 0.05) in inter seasonal dispersion. Fe, Al, Zn,
Cu, Mn and B have been in a higher concentration in July
compared to other seasons, and Cr, Ni, Cd and Pb metals
have been in a higher concentration in March compared to
other season. According to Kir et al. (2007) the increase of
metal concentrations in sediments in summer is because of
the fact that the increasing concentration in water has
passed to the sediment easily and more because of evap-
oration and because of the fact water circulation has
decreased.

Some samples of the metal studies carried out in the lake
sediment have been shown in Table 4. It has been observed
that the values determined in the study are lower than the
average scala values that Buccolieri et al. (2006) and
Mwamburi had reported. The Fe, Mn, Cr and Cd concen-
trations values are lower than the values in Seyhan Dam
Lake (Cevik et al. 2009), the Pb and Ni values are lower
than the values in Tokat Lakes (Mendil and Ulu6zli 2009),
the Zn metal values are lower than the values in Atatiirk
Dam Lake (Karadede and Unlii 2000), Cu heavy metal
concentration is lower than the values in Avsar Dam Lake
(Oztiirk et al. 2009). The other metal concentrations except
Ni metal are higher than the concentrations in Kovada Lake
(Kir et al. 2007).

One of the factors used to estimate the human related
effects in the sediment is the factor of enrichment (Covelli
and Fontolan 1997). The average scala values have been

@ Springer

taken from Buccolieri et al. (2006) for Fe, Cr, Cu, Mn, Zn, Al,
Ni and Pb metals, and the average scala values for Cd metal
have been taken from Mwamburi (2003). EF value has not
been calculated for metal B. The calculated EF value for all
the metals has been found below 1 (Table 4). As a result, by
considering the EF values it can be said that there has not
been a human related contamination in the sediment.
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