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Abstract.- Several heavy metals vis., Ba, As, Co, Cd, Cr, Cu, Fe, Mn, Ni and Zn were estimated in the water,
sediment and total of 144 fish samples from Isikli Lake during March 2009-February 2010. Fe has the highest
concentrations in water as well as sediment among the studied metals. The heavy metal levels, except Cr in water were
the highest in summer and winter, though lower than WHO standards. Generally higher metal levels were found in
liver of Cyprinus carpio, while the lowest were determined in muscle tissue. Heavy metal levels in tissues of carp
increased in summer and winter, but decreased in autumn and spring. Significant positive and negative relationships
were found between heavy metal levels and fish size. Generally some of the results were above the limits for fish
proposed by WHO, EC and TSE. This study shows that a potential danger may occur in the future depending on the

agricultural development.
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INTRODUCTION

Over the last decades the freshwater

environment has been polluted by different
pollutants and originated by agricultural and
industrial activities. Heavy metals are produced
from different natural and anthropogenic sources

like industrial effluents, agricultural runoffs,
transport, burning of fossil fuels, geological
structure, mining activities and atmospheric

deposition (Adnano, 1986; Dawson and Macklin,
1998; Kalay and Canli, 2000).

In freshwaters, only a very small percentage
of metals are present as dissolved ions, such as
copper, cadmium, zinc and lead, most of metals are
as complexes, suspended and colloids ions and solid
in sediments (Florence et al. 1992; Larocque and
Rasmussen, 1998). The levels of heavy metals
depend on redox potential, ionic strength, pH,
temperature, dissolved oxygen and hardness (Barlas,
1999; Larocque and Rasmussen, 1998; Goksu,
2003)

Aguatic sediments can act both as a source
and a sink for pollutants, whereby contaminats can
lead to sedimental concentrations that can exceed
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water concentrations (Barron, 1995). Sediment
associated metals pose a direct risk to deposit-
feeding and detrital benthic organisms and may also
represent long-term sources of contamination to
higher trophic level (Eimers et al., 2001).

Fish are at the higher levels of the food chain
and may concentrate large amounts of some heavy
metals from the water (Eimers et al., 2001) and also
metals can be accumulate in human tissues via food
chain. The concentrations of heavy metals in fish
depend on body size and age of the individuals,
ecological needs, their life cycle and life history,
feeding habits, season of capture, some abiotic
factors like temperature, dissolved oxygen, pH,
conductivity of water (Larkin, 1978; Adams and
McLean, 1985) and other factors that influence the
metabolic rate of fish (Phillips, 1990; Newman and
Doubet, 1989; Canpolat and Calta, 2003). Abiotic
factors change from season to season. And this
effects the accumulation of heavy metals in tissues
of fish (Canpolat and Calta, 2003; Eastwood and
Couture, 2002; Farkas et al., 2002). Essentially, fish
assimilate the metals by three possible ways (body
surface, gills or digestive tract) (Dallinger et al.,
1987; Pourang, 1995). The body surface is generally
assumed to play a minor role in heavy metal uptake
of fish (Dallinger et al., 1987; Pourang, 1995;
Varanasi and Markey, 1978), whereas gills are
regarded to be the important site for direct uptake
from the water (Dallinger et al., 1987; Hughes and
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Flos, 1978; Thomas et al., 1983).

In this study gill, liver and muscle were
chosen as target organs for assessing metal
accumulation. Muscles were selected because of its
importance for human consumption and as a
primary site of metal (Kotze et al., 1999). Liver was
analyzed because this organ tends to accumulate
metals (Tepe et al., 2008) and is involved in
detoxification (Kotze et al., 1999).

Several studies have been conducted on
heavy metal contamination in freshwater systems in
Turkey (Fidan et al., 2008; Demirak et al., 2006;
Karadede et al., 2004; Ebrahimi and Taherianfard,
2010; Erdogrul and Erbilir, 2007; Tekin-Ozan,
2008; Karadede-Akin, 2009; Oymak et al., 2009;
Unlii et al., 2009). Despite this, there is no study
about heavy metal pollution of Isikl1 Lake.

The aims of this study were (1) to assess
relationships between the metal levels in water and
physico-chemical parameters (2) to determine
seasonal variations of heavy metal concentrations in
water, sediment and in the fish gills, muscle and
liver (3) to assess relationships between heavy metal
levels in muscle, gill and liver of fish and fish size
(total length and weight) (4) and compare with the
acceptable metal levels in water and fish muscle
given by different institutions.

MATERIALS AND METHODS

Area description

Isikl Lake (29° 92" E, 38° 22" N ), located in
the southwest of Turkey (Fig. 1) and used for
irrigation. The lake is approximately 7 m depth , its
area is 9749 ha and fed by Blyiik Menderes Stream,
Karanlik Stream and Kuti Stream. There are small
rush islands in the lake. There are a lot of apply,
cherry and peach gardens, grains fields, restaurants
and hotels around it (Aygen and Balik, 2005;
Akarsu et al., 2006). The fish species found most
commonly in the lake are Cyprinus carpio, Esox
lucius, Tinca tinca and two endemic fish species
(Aphanius anatoliae, Chondrostoma meandrense)
(Akarsu et al., 2006). The lake is polluted by
industrial waste from agricultural though rain wash,
agricultural runoffs and domestic effluents.
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Fig. 1. Map of Isikli Lake (Turkey)
(Taken from maps.google.com) and different
localities from where the samples were taken.

Sampling and sample preparation

This study was carried out at twelve months
between March 2009 and February 2010. We
determined three different site in lake. First site is
near to gardens and fields, second site is near to
hotels and restaurants and Blylik Menderes Stream
flows to lake from the third site. The temperature,
dissolved oxygen, conductivity (EC) and pH values
were measured from three different localities in the
lake by using YSI multiparameter equipment.
Water, sediment and fish samples were collected
from the same localities. Water samples were taken
50 cm below the water surface in 500 ml bottles,
filtered through a Whatman 0.45 pm glassfiber
filter, transferred 500 ml polypropylene bottle,
acidified with 5 ml of concentrated HNO3to pH less
than 2.0. Then water samples stored at 4°C and
were analyzed directly.

Sediment samples were taken from the same
localities. Sediments were dried in an oven at 50°C
for 48 h, passed through a 2 mm sieve and
homogenized. About 0.2 g. of each sample placed
into the digestion bombs, added 3 ml HCI, 2 ml
HNO;, 2 ml HF and digested in a microwave
digestion system (Milestone Ethos Plus 2000). After
digestion the samples were cooled to room
temperature and diluted to 25 ml with high quality
deionized water.

At each sampling month 12 fish (total 144



HEAVY METALS IN WATER, SEDIMENT AND CARP FROM ISIKLI LAKE 1407

fish samples) were caught from the same localities.
The fish were then transferred to the laboratory. We
recorded their age, total body length and total wet
weight. The age of Cyprinus carpio was determined
from scales, which removed from the left side
between the posterior end of the pectoral fin and the
anterior end of the dorsal fin. Approximately, 2 g of
the epaxial muscle on the dorsal surface of the fish,
the entire liver and four gill racers each sample were
dissected, dried in a freeze-dryer at -80°C for 6-8 h
and then homogenized. About 0.5 g of each sample
placed into the digestion bombs, added 5 ml HNO;
and 1 ml H,O, and digested in a microwave oven
(Milestone Ethos Plus 2000). After digestion the
samples were cooled to room temperature and
diluted to 25 ml with high quality deionized water.

Analytical procedures

All samples were analyzed for three times for
Ba, As, Co, Cd, Cr, Cu, Fe, Mn, Ni and Zn by using
for ICP-AES Vista. Two standard material DORM-
3 and DOLT-4 (National Research Council Canada)
were analyzed for each ten elements. The absorption
wavelength were 455.403 nm for Ba, 188.979 nm
for As, 238.892 nm for Co, 214.438 nm for Cd,
267.716 nm for Cr, 324.753 nm for Cu, 259.94 nm
for Fe, 257.61 nm for Mn, 231.604 nm for Ni and
213.856 nm for Zn, respectively. The analysis
limits were 0.04 pg/L for Ba, 5 pg/L for As, 0.5
pg/L for Co, 0.4 pg/L for Cd, 0.5 pg/L for Cr, 0.3
pg/L for Cu, 0.4 pg/L for Fe, 0.05 pg/L for Mn, 1.3
pg/L for Ni and 0.3 ug/L for Zn.

Statistical procedures

The results of three months which are
belonging to same season metal concentration
estimated (March, April and May were averaged for
spring; June, July and August for summer;
September, October and November for autumn;
December, January and February for winter.
Statistical analysis of data was carried out using
SPSS 15 statistical package programs. One-Way
ANOVA and Duncan’s Multiple Comparison Test
were used to compare the data among seasons at the
level of 0.05. Spearman rank correlation coefficient
was used to test for significant associations between
heavy metal levels in water and physico-chemical
parameters. Linear regression analyses were applied
to the data to compare the relationships between fish

size (total length and weight) and heavy metal
concentrations.

RESULTS AND DISCUSSION

Table I shows the age, total body length and
total wet weight of fish used in this study.

Table I.- Minumum, maximum and mean lenght, weight
and age of the species examined in the present
study.

Length+tSE ~ Weight+SE (g) Age
(cm) (Year)
Spring 27.70-42.30 312-1065 3-8
(34.36£4.35)  (656.11+260.61)  (5.33+1.51)
Summer 23.22-38.00 200-802 3-7
(30.48+3.30)  (433.2+148.07)  (4.90%1.12)
Autumn 26.80-32.60 3003-498 35
(29.73£1.28)  (394.53+53.32)  (4.13%0.68)
Winter 26.50-37.40 310-851 3-7
(31.06+2.44)  (476.10£110.42)  (4.39+1.10)

The certified, observed and recovery rates of
DORM 3 and DOLT 4 were given at Table II.
Replicate analysis of these reference materials
showed good accuracy, with recovery rates for
metals between 86% and 98% for DORM 3, 93%
and 105% for DOLT 4.

Physico-chemical parameters of the lake

The physico-chemical parameters determined
in Isikli Lake are given in Table I1l. According to
these parameters, the temperature varied between
7.51 and 30.80°C; the pH between 6.79 and 9.57;
the dissolved oxygen between 7.52 and 26.49 m/I
and the EC between 182 and 668 during the study
period in Isikli Lake. The maximum temperature
and pH values were measured in summer with
28.29°C and 8.73, and the minimum were in winter
with 8.63°C and 7.78. Significant correlations
(<0.05) were found for temperature, pH, dissolved
oxygen and EC among the seasons in the lake water.
The pH value in water decrease with increasing
CO,. In summer, when CO, decrease because of
photosynthesis, the pH value increase (Tanyolac,
1993). Dissolved oxygen was the highest in winter



1408

S. TEKIN-OZAN AND N. AKTAN

Table Il.-  Concentrations of metals found in certified and observed reference material DORM-3 and DOLT-4 from the
National Research Council, Canada.

Metals DORM 3 DORM 3 Recovery (%) DOLT 4 DOLT 4 Recovery (%)

Certified Observed Certified Observed

Ba - - - - - -

As 6.88+0.30 6.76+0.20 98 9.66+0.62 9.24+0.30 95

Co - - - - - -

Cd 0.29+0.020 0.27+0.002 93 24.3+0.8 22.85+0.22 94

Cr 1.89+0.17 1.69+0.7 89 - - -

Cu 15.5+0.63 14.73+1.3 95 31.2+1.1 0.92+1.9 99

Fe 347420 304.08+12 87 1833+75 1923.38 104

Mn - - - - - -

Ni 1.28+0.24 1.19+0.18 92 0.97+0.11 0.91+0.1 93

Zn 51.3+3.1 44.50+4.2 86 116+6 122.16+8.9 105

because of decreasing temperature since warmer maybe caused by evaporation. Significant

water is unable to dissolve as much oxygen.

Table 111.- Some physical parameters of Isikli Lake’s water.
Temp. (°C) pH Dissolved EC (us/cm)
oxygen
(mg’)
Spring 13.21-19.98 7.49-8.48 7.52-10.65 405-668
(16.00£3.49™)  (8.180.30)  (9.05:1.15% (460+83.02°)
Summer 25.77-30.80 8.10-9.57 10.34-17.34 246-341
(28.29£1.899)  (8.73t0.42°)  (13.45:2.45%)  (297.22+37.39%)
Autumn 12.55-20.86 8.46-9.14 8.17-17.36 202-344
(17.29£3.58")  (8.78+0.24°)  (12.32+3.55%)  (27342.499)
Winter 7.51-10.48 6.79-8.26 14.06-26.49 182-310
(8.63£0.99%)  (7.78+0.56)"  (21.32+4.19°)  (53.44%40.39%)

* Means with the same superscript in the same row are not
significant different according to Duncan’s multiple range test
(p<0.05)

Heavy metal content of lake water

The concentrations of some heavy metals in
water of Isikli Lake is given in Table V. Fe has the
highest concentrations among the studied metals and
ranged between 81-8570 ppb, followed by Zn, Mn
and As. Generally, the metal levels were the highest
in winter and the lowest in spring. The reason of
increasing of metal levels in winter can be that the
metals are dissolved in acidic environment and
decreasing of metal concentrations in maybe caused
by heavy rain and melting snow in warm seasons. In
water body, some metals increased in summer. This

correlations were found between heavy metal levels
in water except Cr, seasonally (<0.05).

Barlas et al. (2005) investigated
concentrations of heavy metals in water of Uluabat
Lake (Turkey) and found the following
concentrations 0.007-3.78 mg/g for Fe, 0.008-0.25
mg/gr for Mn, 0.01 mg/g for Cu, 0.003-0.22 mg/g
for Zn, 0.009-0.15 mg/g for Cr and 0.02-0.05 mg/g
for Ni. Iron was the most abundant metal likely the
present study. Tekin-Ozan (2008) investigated
concentrations of heavy metals in Beysehir Lake
(Turkey) and found following concentrations (mg/l)
as; <BDL-0.10 for Cu, <BDL-2.74 for Fe, <BDL-
0.42 for Zn and <BDL-0.52 for Mn. Similar results
also have been found in Hazar Lake’s water
(Karadede-Akin, 2009). They reported that all
metals were displayed the highest values during the
hot seasons and lowest values during the warm
seasons generally. Our results are different from
their results. This can be due to different years and
lakes.

The heavy metal levels in water of Isikli Lake
were higher than Atatirk Dam Lake (Karadede and
Unla, 2000) and lower than the metal levels in
Gabbaniya Lake (Al-Saadi et al., 2002). Based on
the heavy metals level (Table 1V), the water of Lake
Isikli was classified as category | according to the
standards of Republic of Turkey Ministry of
Environment and Forest (Rebuplic of Turkey
Ministry of Environment and Forest, 2004). The
concentrations of Fe, As, Zn and Cu in the lake
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Table IV.- The concentrations (minimum, maximum, mean and SD values) of some heavy metals in Isikli Lake’s water (ppb).

Metals pring (n= ummer (n= Autumn (n= Winter (n=

[ Spri 9 S 9 9 i 9

Ba 10-20 (11£0.003) ™ 1-30 (1440.08) ™ 8-30 (1420.008) ® 2-20 (12+0.003)
As 200-780 (530+0.2) 50-730 (340%0.27) ® 40-710 (20620.24)* 10-20 (12.5+0.004)°
Co 0.4-4.0 (2.4%0.0014) ® 1.8-3(2.3+0.08)° 0. 1-10 (3.0£0.002)* 40-710 (240%0.22)"°
Cd 0.9-2.15 (1.5+0.004) ° 1.7-2.6 (2.4+0.0003) © 0.1-0.9 (0.3+0.0003) ® 0.1-3.2 (0.25+0.002)
Cr 2.0-10.0 (4.0£0.001)® 1.7-14.0 (7.1x0.06) ® 0.1-3.2 (0.420.001)® 1.0-10.0 (5.8+0.002)*
Cu 5.0-20.0 (7.5+0.005) ® 4.5-100 (23.3+0.002)° 1-10 (6.3+0.0033) 2 10-50 (1.89+0.013) ®
Fe 140-820 (360+0.21) 600-8570 (2510+0.291) ° 200-536 (155+1.56) ®° 81-739 (246+2.02) "
Mn 30-100 (50+0.02) ® 20-310 (14740.112) 10-450 (160+0.14) ® 70-810 (330+0.24)°
Ni 0.5-10 (9.2+0.0042) 2 10-110 (34+0.03)° 4-40 (14.4+0.01)2 20-70 (34+0.018)°
Zn 160-700 (440£0.18)" 40-450 (230£0.17)® 10-370 (1040.13) ® 30-380 (1330.12)°

* Means with the same superscript in the same row are not significantly different according to Duncan’s multiple range test (p<0.05)

water are lower than WHO standarts (WHO, 1993,
1998), but As (except winter), Fe (except spring),
Cu (except autumn) and Zn were found to be above
the permissible levels of water according to
international criteria (Rebuplic of Turkey Ministry
of Agriculture and Rural Areas, 2002).

Relationships of metals in water with
physico-chemical parameters were studied using
Spearman rank correlation coefficient (Table V).
Positive (for Ba, Cu, Ni and Zn) and negative (for
As, Co, Cd, Cr, Fe and Mn) correlations were
detected between content in the water and
temperature (Table V). No significant correlations
were found between the metals and water
temperature. Negative correlation was found
between the concentration of metals (except Ba and
Fe) in the water and pH value. Significant
correlations were found between Co (<0.01), Cd
(<0.01), Cu (<0.05) and pH value. Negative
correlations were found only between Ba, Cr, Zn
and dissolved oxygen. Significant correlations were
found between some metal levels (except Cu, Fe
and Mn) and dissolved oxygen. Negative
correlations were found between levels of As, Co,
Cd, Cu, Mn, Ni and EC. Significant correlations
were determined between Ba (<0.01), Co (<0.05),
Cr (<0.01), Ni (<0.05), Zn (<0.01) and EC.
Hellaweel (1988) determined that heavy metal
toxicity is affected by dissolved oxygen, pH and
temperature. In present study some metal levels
increased with decreasing temperature, dissolved
oxygen and EC.

Heavy metal content of lake sediment

The concentrations of heavy metals in
sediment are given in Table VI. Fe was the highest
in sediment and ranged between 7107.41-25475
mg/kg, followed by Mn (238.4-867.16 mg/kg), Ni
(11.23-211.16 mg/kg) and Ba (8.99-245.04 mg/kg).
Fe levels were the highest in the Beysehir Lake
(Tekin-(")zan, 2008), Uluabat Lake (Barlas et al.,
2005), Hazar Lake (Ozmen et al., 2004). Iron is
generally the most abundant metal in all of the
reservoirs because of being one of the most common
elements in the earth’s crust (Usero et al., 2003). Cd
was lowest in the Isikli Lake’s sediment and ranged
between 0.19-3.06 mg/kg. Cd level was lowest in
sediment in Dipsiz stream, Turkey (Demirak et al.,
2006), Habbaniya Lake, Iraq (Al-Saadi et al., 2002),
some island waters, Hong Kong (Zhou et al., 1998).
This may be because of absence of cadmium is not
found in the organic fraction, for low adsorption
constant and labile complexation with organic
matter (Baron et al., 1990).

Ba, Cu, Fe and Zn were highest in summer,
while Cr and Ni were highest in spring. The highest
mean levels of As and Mn were found in autumn,
and that of Co and Cd was recorded in winter. Al-
Saadi et al. (2002) reported that the Pb, Cu and Cd
concentrations were the highest in spring in
Habbaniya Lake’s sediment. In Beysehir Lake, the
heavy metal concentrations were highest in spring
and autumn (Tekin-Ozan, 2008). Close correlations
(<0.05) were found for Ba, As, Co, Cd and Cr
among the seasons in the lake sediment.
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Table V.-  Spearman correlation coefficient (r) and levels
of significance determined for the relationship
between the content of heavy metals in water
and physical parameters.

X-y Metals R P

Water- Ba 0.328 >0.05

temperature As -0.158 >0.05

(n=36) Co -0.302 >0.05

Cd -0.217 >0.05
Cr -0.163 >0.05
Cu 0.031 >0.05
Fe -0.018 >0.05
Mn -0.021 >0.05
Ni 0.101 >0.05
Zn 0.019 >0.05

Water- Ba -0.704 <0.01

dissolved As 0.384 <0.05

oxygen Co 0.582 <0.01

(n=36) Cd 0.616 <0.01

Cr -0.384 <0.05
Cu 0.326 >0.05
Fe 0.288 >0.05
Mn 0.290 >0.05
Ni 0.491 <0.01
Zn -0.452 <0.01
Water-pH Ba 0.313 >0.05
(n=36) As -0.282 >0.05
Co -0.520 <.01
Cd -0.522 <.01
Cr -0.213 >0.05
Cu -0.355 <.05
Fe 0.108 >0.05
Mn -0.054 >0.05
Ni -0.052 >0.05
Zn -0.145 >0.05
Water-EC Ba 0.607 >0.01
(n=36) As -0.317 <0.05
Co -0.408 >0.05
Cd -0.246 >0.05
Cr 0.580 >0.05
Cu -0.151 >0.05
Fe 0.169 >0.05
Mn -0.146 >0.05
Ni -0.355 <0.05
Zn 0.541 <0.01

Heavy metal uptake by the fish

The seasonal variations of concentrations of
the metals expressed in mg/kg dry weight, in
muscle, liver and gill of Cyprinus carpio from Isikli
Lake is summarized in Table VII. Ba and Mn
concentrations in different tissues ranged from 0.84-

23.75 mg/kg and 0.81-22.68 mg/kg and
bioaccumulation order was gill>liver>muscle. As,
Cd, Cu and Fe concentrations among different
tissues ranged from 0.53-2.66 mg/kg, 0.05-1.16
mg/kg, 1.03-3.22 mg/kg and 13.77-840.94 mg/kg
and the order of bioaccumulation was liver>gill>
muscle. Co, Cr and Ni were higher in liver, lower in
gills, with the order of liver > muscle>gill. Zn
concentration among different tissues ranged from
20.06-823.22 mg/kg and the order of
bioaccumulation was liver=gill>muscle. Generally
higher metal levels were found in liver, while the
lowest were found in muscle tissue. These results
are in aggrement with some other studies about
heavy metal accumulation in fish (Canli and Atli,
2003; Canpolat and Calta, 2003; Karadede et al.,
2004; Tekin-Ozan, 2008; Canli et al., 1998). Liver
is the major organ involved in xenobiotic
metabolism in fish (Romeo et al., 1994). It is well
known that high induction levels of metallothionein
occur in liver tissue of fishes (Heath, 1987). The
lowest levels were detected in muscle because
muscle is not an active tissue in accumulation of
heavy metals (Alam et al., 2002; Amundsen et al.,
1997).

In this study, we also aimed at determining
the seasonal variation of heavy metals in liver, gill
and muscle of Cyprinus carpio. In muscle,
maximum metal level was 1.10 mg/kg for Ba, 6.46
mg/kg for Cr, 0.95 mg/kg for Ni in spring, 85.99
mg/kg for Fe, 47.41 mg/kg for Zn in summer, 1.11
mg/kg for As in autumn and 0.94 mg/kg for Co,
0.50 mg/kg for Cd, 2.27 mg/kg for Cu, 2.11 mg/kg
for Mn in winter. As (<0.05), Co (<0.01), Cd
(<0.01), Cr (<0.05), Cu (<0.05), Fe (<0.01), Mn
(<0.05) and Zn (<0.01) levels were found significant
from season to season.

In liver, maximum metal level was 77.22
mg/kg for Cr in spring, 2.12 mg/kg for Ba, 1.72
mg/kg for As, 3.22 mg/kg for Cu, 85.99 mg/kg for
Fe, 5.73 mg/kg for Mn , 4.72 mg/kg for Ni and
823.22 mg/kg for Zn in summer, 2.07 mg/kg for Co,
1.16 mg/kg for Cd in winter. Ba (<0.05), As
(<0.01), Co (<0.05), Cd (<0.01), Mn (<0.01) and Zn
(<0.05) concentrations in livers varied significantly
from season to season.

In gills, the maximum metal levels was 23.75
mg/kg for Ba, 28.68 mg/kg for Cr and 2.09 mg/kg
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Table VI.-  The concentrations (minimum, maximum, mean and SD values) of some heavy metals in Isikh Lake’s sediment
(mg/kg).

Metals Spring (n=9) Summer (n=9) Autumn (n=9) Winter (n=9)

Ba 25.98-245.04 (94.43+8.53) % 46.18-188.42 (103.85+4.35)" 8.99-217.54 (93.9446.27)° 10.82-165.13 (50.70+4.97)"

As 6.06-13.08 (10.0022.48)® 3.42-11.99 (8.7240.34) 7.03-16.33 (12.5420.31)® 1.14-11.37 (5.66£0.32)"

Co 0.63-2.99 (2.28+1.11)° 0.01-3.53 (2.2240.12)® 0.91-6.84 (2.69+0.01) ™ 1.04-7.67 (4.15£0.18)°

cd 0.47-1.09 (0.81+0.18) 0.19-0.61 (0.40+0.01) 0.09-0.68 (0.46+0.016)* 1.69-3.06 (2.22+0.045)°

Cr 11.60-269.55 (138.21+8.22)" 55.45-190.50 (114.40+4.90) % 24.63-161.71 (68.05+4.28)° 27.96-137.76 (57.92+3.18) ¢

Cu 2.68-38.24 (24.19+0.97)% 15.38-34.57 (24.22+0.61)° 11.40-34.67 (21.86+0.82)° 10.33-38.84 (20.53+0.87)°

Fe 17.22-25475 (16679.42+ 11237.86-25217.14 (19215.78+ 6443.83-24125.99 (16644.30+ 7107.41-23975.21 (14692+

948.82)° 54.87)° 68.12)° 58.33)°

Mn 238.4-867.16 (502.26+18.6)° 282.02-683.62 (468.29+1.38)° 247.86-842.15 (532.69+2.10)° 282.54-843.45 (520.76+1.96) °

Ni 11.23-211.16 (107.34+6.487) ¢ 40.58-210.83 (110.39+6.20) ° 29.70-111.98 (66.55+3.08)° 33.39-122.01 (61.98+0.27)°

Zn 16.34-76.94 (60.36+1.81)° 50.33-143.35 (82.16+2.68)° 45.67-159.56 (80.30+3.30)° 41.64-84.74 (60.72+1.40)°

* Means with the same superscript in the same row are not significant different according to Duncan’s multiple range test (p<0.05)

for Ni in spring, 2.66 mg/kg for As in summer,
281.69 mg/kg for Fe and 22.68 mg/kg for Mn in
autumn, 0.90 mg/kg for Co, 0.51 mg/kg for Cd and
2.30 mg/kg for Cu in winter. In relation to season,
Ba (<0.05), As (<0.01), Co (<0.05), Cd (<0.01), Cu
(<0.05), Fe (<0.01), Mn (<0.05), Ni (<0.01) and Zn
(<0.05) were significant in gill. The maximum
concentrations of metals were reached in summer
and winter, while the lowest were in spring and
autumn. The levels of heavy metals in summer and
winter were also found in Tinca tinca in Beysehir
Lake (Tekin-Ozan, 2008), Capoeta capoeta umbla
in Hazar Lake (Karadede-Akin, 2009), Tilapia zillii
in Manzalah Lake (Zyadah, 1999). The increase of
heavy metal levels in summer could be because of
the increased physiological activity of fish during
summer primarily induced by the increasing water
temperature (Canpolat and Calta, 2003). Zyadah
(1999) recorded that higher values of heavy metals
in winter and spring was because of their decrease
in wastewater from agricultural fields.

Linear regression analysis and significant
associations between the metal levels of tissues and
the size (total length and weight) are shown in
Tables VIII and [IX. Significant negative
relationships were found between fish length and As
(<0.05), Co, Cd, Fe, Mn (<0.01) in the muscle, Ba,
As (<0.01), Co, Cd, Cu (<0.01), Fe (<0.01), Mn
(<0.01), Zn (<0.01) in liver and Ba, As (<0.01), Co,
Cd, Cu (<0.01), Fe (<0.01), Mn (<0.01) in gill. All
the other significant relationships were positive
(Table VIII). The tissues of Cyprinus carpio showed
significant negative relationships between weight

and As (<0.05), Fe in muscle, Ba, As, Cr, Cu, Mn,
Zn in liver and Ba (<0.05), As (<0.01), Co, Cd, Cu
(<0.01), Fe (<0.01), Mn (<0.01) in gill. The other
significant relationships are positive (Table IX). The
positive and negative relationship between heavy
metal levels in the tissues and fish size (total length
and weight) has generally been supported in the
literature. Nussey et al. (2000) found that levels of
metals increased with the decrease in the length of
Labeo umbratus. In an other study, it was found that
the concentration of Cu, Fe, Mn and Zn in some
tissues of Capoeta capoeta umbla increased with the
increase in length. The metabolic activity is the
most important factor that play a significant role in
heavy metal accumulation (Douben, 1989; Elder
and Collins, 1991). Canli and Atli (2003) reported
negative correlation between metal levels and size,
which may be because of the difference in metabolic
activity between younger and older fish. Heath
(1987) found that the presence of heavy metals in
water affect the fish development and juveniles are
sensitive in the early life stages like larval
development and juvenile growth. Canpolat and
Calta (2003) expressed that smaller fish are more
active and need more oxygen to supply more
energy.

The results of this study were compared with
permissible levels of heavy metal in fish tissues
reported in the literature. Cd concentration was
higher than the acceptable limits for fish tissues in
spring (EC, 2006). WHO limits the levels for Zn at
30 mg/kg, for Cr at 1.0 mg/kg, for Fe at 2.0 mg/kg
and for Mn at 1.0 mg/kg (UNESCO/WHO/UNERP,



1412

S. TEKIN-OZAN AND N. AKTAN

Table VII.- Heavy metal concentrations (minimum, maximum, mean and SD values) in different organs of Cyprinus carpio
from the Isikli Lake (mg/kg).

Season  Metals Muscle Liver Gill
Spring Ba 0.22-4.20 (1.10+0.074) * 0.1-2.18 (0.84+0.057) ® 14.08-35.18 (23.75+0.59) ®
As 0.15-1.01 (0.55+0.023) ® 0.10-2.17 (1.05+0.065) ® 0.16-1.43 (0.75+0.035) ®
Co 0.03-0.29 (0.11+0.05) ® 0.01-1.02 (0.15+0.021) ® 0.01-0.16 (0.05+0.003)
Cd 0.03-0.10 (0.06+0.02) ® 0.03-0.34 (0.14+0.008)° 0.03-0.16 (0.07+0.002)°
Cr 0.26-49.39 (6.46+1.026)° 0.02-1110.95 (77.22+2.28) 0.45-307.99 (28.68+0.87)
Cu 0.29-5.55 (1.03+0.05) ® 0.72-4.63 (2.18+0.083) ® 0.55-3.58 (1.97+0.06) ®
Fe 6.12-31.37 (13.77£0.42) * 48.86-2692.5 (700.66+51.21) ® 112.31-349.9 (180.56+4.76) ®
Mn 0.27-1.80 (0.81+0.033) ® 0.59-5.70 (1.80+0.097) ® 0.90-22.45 (11.86J_r0.452a
Ni 0.21-2.53 (0.95+0.058) ® 0.32-55.63 (3.19+0.94) @ 0.38-22.45 (2.09+0.38)
Zn 1.19-50.21 (20.06+0.86) ® 89.02-2292.2 (648.06+6.50) 293.61-779.8 (525.54+12.95) ®
Summer Ba 0.19-15.26 (2.12+0.322) 0.24-27.33 (4.11+0.68)"° 0.60-41.20 (21.53+11.17) ¢
As 0.03-2.12 (0.63+0.055) ® 0.05-6.49 (1.72+0.19) ® 0.15-20.90 (2.66+0.49)°
Co 0.01-0.92 (0.12+0.018) ® 0.0005-0.59 (0.13+0.018) 0.0001-0.16 (0.03+0.004)
Cd 0.0007-0.55 (0.05+0.0013) ® 0.0005-0.75 (0.08+0.014) ® 0.001-0.27 (0.04+0.006)
Cr 0.02-27.10 (4.19+0.71) ® 0.08-55.78 (8.08+1.48) ® 0.05-15.60 (2.22+0.35) ®
Cu 0.14-8.61 (1.36+0.15) ® 0.98-10.25 (3.22+0.19) ® 0.51-3.20 (1.81+0.088) ®
Fe 5.52-115.4 (85.99+2.645) ° 263.8-3768.3 (840.9445.97) % 22.01-843.68 (270.63+19.66) °
Mn 0.25-9.98 (1.32+0.18) 0.41-26.50 (5.73+0.64)° 0.30-36.79 (15.98+1.29)°
Ni 0.08-6.52 (1.25+0.15) ® 0.10-35.65 (4.27+0.76) ® 0.21-1.42 (0.76+0.300) ®
Zn 9.21-390.17 (47.41%7.01) " 201.7-3268.9 (823.22+7.04)° 32.59-751.87 (459.25+22.89) ®

Autumn  Ba
As
Co
Cd
Cr
Cu
Fe
Mn
Ni
Zn

Winter Ba
As
Co
Cd
Cr
Cu
Fe
Mn
Ni
Zn

0.36-3.22 (1.01+0.058) ®
0.11-2.01 (1.110.051)°
0.04-0.25 (0.12+0.005) ®
0.0072-0.03 (0.010.009) ®
0.0011-94.32 (7.23+1.98)°
0.56-2.57 (1.35+0.19) ®
2.22-63.22 (24.36+0.12) ®
0.31-3.09 (0.83+0.051) ®
0.04-7.26 (1.15+0.14) ®
19.43-81.89 (38.97+1.43)"°

0.32-1.80 (0.91+0.039) ®
0.04-1.51 (0.53+0.034)°
0.59-1.26 (0.94+0.016)"°
0.31-0.78 (0.50+0.009)
0.36-5.60 (1.43+0.015) ®
1.02-4.28 (2.27+0.089)
28.11-79.07 (43.61+11.99) ®
1.49-2.88 (2.11+0.032)
0.49-6.59 (1.32+0.14) ®
23.15-80.82 (46.37+1.54)°

0.29-4.11 (1.34+0.16) ®
0.004-5.28 (1.71%0.14) ®
0.01-0.22 (0.09+0.006) ®
0.003-0.16 (0.0420.005) ®
0.06-113.44 (14.22+0.28)°
0.99-4.81 (2.19+0.08) ®
227-1875.3 (636.67+2.87) %
0.08-3.90 (0.95+0.081) ®
0.26-4.27 (1.30+0.096) ®
102.8-2341.9 (517.20+5.40) ®

0.25-2.92 (1.04+0.079) ®
0.09-3.41 (1.28J_r0.0952b
0.81-5.90 (2.07+0.16)
0.51-3.24 (1.160.057)°
0.50-32.27 (4.10%0.65) ®
1.70-4.79 (2.56+0.066) *
343.1-1209.4 (721.14421.25)
1.91-9.58 (4.79+0.22)°
0.73-12.73 (2.97+0.25) ®
82.37-1937.8 (431.56+4.94) ®

17.89-40.30 (16.70+0.56)°
0.41-3.11 (1.65+0.077)®
0.0002-0.31 (0.09+0.007)
0.0007-0.06 (0.010.001) ®
0.15-527.06 (20.23+0.95)°
1.24-5.35 (2.21+0.078)°
138.39-603.2 (281.69+11.62) °
12.07-35.41 (22.68+0.61) ©
0.16-3.06 (0.82+0.057) ®
273.44-850 (572.04+1.17) "

13.74-33.16 (21.81%0.57) ®
0.03-1.17 (0.56+0.031) ©
0.67-1.19 (0.90+0.013) ©
0.34-0.69 (0.51+0.007) ©
0.63-21.00 (2.81+0.04) ®
1.37-4.41 (2.30+0.006)°
142.19-340.7 (223.94+5.023) ®
10.22-31.39 (18.31+0.53) ®
0.53-7.26 (1.32+0.02) ®
233.33-902.1 (557.63+16.52)

1992). Heavy metal levels in Cyprinus carpio from
Isikli Lake are above these limits. Institute of
Turkish Standarts and Ministry of Agricultural and
Rural Areas standards limit the levels for As at 1
mg/kg, for Cd at 0.1 mg/kg, for Zn at 50 mg/kg and

for Cu at 20 mg/kg (Republic of Turkey Ministry of
Agricultural and Rural Areas, 2002; TSE, 1997).
Our results show that As and Zn exceed these limits
in all tissues (except muscle), only in winter for Cd,
but do not exceed for Cu.
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Table VIIL.- The relationships between total lenght and heavy metal concentrations of the Cyprinus carpio caught from the Isikh Lake?.

Tissue Ba As Co Cd Cr Cu Fe Mn Ni Zn
Muscle  Equation® Y=-10.84+ Y=1.67+ Y=0.952+ Y=0.237+ Y=-112.96+ Y=-13.14+ Y=110.36+ Y=4.056+ Y=-10.041+ Y=-53.93+
0.418X (-0.0313)X (-0.0181)X (-0.0311)X 4.192X 0.494X (-1.596)X (-0.0892)X 0.376X
3.241X
R value 0.173 -0.218 -0.068 -0.053 0.223 0.315 -0.048 -0.295 0.3870.218
P value #e S NS NS # #ad NS % £ %
Liver Equation Y=0.641+ Y=2.854+ Y=1.527+ Y=0.988+ Y=98.274+ Y=5.057+ Y=692.40+ Y=13.091+ Y=-3.258+ Y=637.35+
(-0.248)X (-0.0576)X  (-0.0312)X (-0.0209)X (-2.24)X (-0.08)X 0.998X 0.313X 0.192X (-0.879)X
R value -0.245 -0.182 -0.115 -0.141 -0.065 -0.236 -0.008 -0.290 0.111-0.005
P value k4 3 NS NS NS *x NS fa NS NS
Gill Equation Y=33.34+ Y=32.78+ Y=31.80+ Y=31.68+ Y=31.45+ Y=34.01+ Y=33.37+ Y=34.67+ Y=31.07+ Y=31.23+
(-0.076)X (-1.34)X (-0.956)X (-0.783)X (-0.081)X (-1.184)X 0.076X (-0.182)X 0.385X 0.064X
R value -0.162 -0.297 -0.097 -0.044 0.146 -0.245 -0.259 -0.394 0.2350.030
P value NS = NS NS NS *& L s *& NS
*Y is metal concentartions (mg/kg) X is total fish lenght (mm).
P NSS. Not significant at the p<0.05 level.
¢ Significant at the level p<0.05 level
4 Significant at the level p<0.05 level
Table IX.- The relationships between weight and heavy metal concentrations of the Cyprinus carpio caught from the Isikh Lake.
Tissue Ba As Co Cd Cr Cu Fe Mn Ni Zn
Muscle  Equation® Y=0.393+ Y=0.920+ Y=0.574+ Y=0126+ Y=-10.49+ Y=-2.19+ Y=50.83+ Y=1.71+ Y=-1.97+ Y=9.53+
0.054X (-0.0457)X  (-0.0379)X 0.025X 0.0591X 0.091X (-0.017)X (-0.093)X 0.075X 0.076X
R value 0.124 -0.174 -0.079 0.024 0.173 0.320 -0.003 -0.171 0.4240.284
P value NS *e NS NS * okl NS * b b
Liver Equation Y=3.36+ Y=1.44+ Y=0.471+ Y=0.309+ ¥=52.93+ Y=2.85+ Y=705.55+ Y=4.07+ Y=0.225+ Y=673.79+
(-0.030)X (-0.08)X 0.013X 0.035X 0.050X 0.064X 0.036X (-0.016)X 0.05X (-0.127)X
R value -0.166 -0.140 0.028 0.013 -0.080 -0.105 0.016 -0.086 0.161-0.041
P value NS NS NS NS NS NS NS NS NS NS
Gill Equation Y=607.46+ Y=557.86+ Y=510.76+ Y=503.21+ Y=491.59+ Y=640.61+ Y=594.76+ Y=658.58+ Y=473.11+ Y=488.19+
(-4.64)X (-64.74)X (-49.18)X (-31.77)X 0.490X (-68.75)X (-0.406)X (-9.40)X 19.81X 0.02Xx
R value -0.182 -0.263 -0.092 -0.033 0.163 -0.261 -0.254 -0.373 0.2220.017
P value * ¥ NS NS NS ¥ ¥ *% ® NS

For details of symbols see Table VIII.
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CONCLUSIONS

The water and the sediment of lake had
highest concentration of Fe. In lake Isikhi, the
concentration of metals were the highest in summer
and winter. The levels of Fe, As, Zn and Cu in the
lake water were lower than the WHO standards. The
concentration of some metals, however, increased
with decreasing temperature, dissolved oxygen and
EC.

Four of the ten elements reached the
maximum level in sediment during summer. Close
correlations (<0.05) were found for Ba, As, Co, Cd
and Cr in the sediment among seasons. Sediment are
important hosts for pollutant heavy metals, therefore
they have been used to monitor the pollution in
aquatic environment.

Higher metal levels were found in liver,
lower were in muscle. Generally, higher levels of
metals were found in the summer and winter. Both
negative and positive relationships were found
between metal levels and fish size (total length and
weight). Generally some of the results were above
the limits for fish proposed by WHO, EC and TSE.
This study shows that a potential danger may occur
in the future depending on the agricultural
development.
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