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Abstract The Bay of Gokova in Southeastern Aegean
Sea (Turkey) is important by the potential of agricul-
tural, municipal, and tourism activities. In addition,
there is no industrial plant within the area in the
Aegean Sea. Kadın Creek (Azmak) and Akçapınar
Creek (Azmak) flowing into the inner Gokova Bay
are one of the important factors in determining the
character of the inner Gokova Bay. In this study, nine
stations were selected in the inner Gokova Bay, Kadın
Creek, and Akcapınar Creek. The concentrations of
Cd, Cu, Fe, Pb, and Zn were measured in suspended
particulate matter (SPM) and sediments. The samples
of sediments and SPM were collected in between
February 2008 and September 2008. The aim of the
study is searching the change of concentrations of Cd,
Cu, Fe, Pb, and Zn in suspended particulate matter and
sediments in the inner Gokova bay, Kadın Creek, and
Akçapınar Creek. It has been identified that the metal
concentrations in the creeks are higher than the metal
concentrations in the marine environment. It has also
been observed that the concentrations of Pb, Cd, and
Cu in summer season have been higher than in the
winter season, but the concentrations of Fe and Zn
have not shown a significant difference between in
summer and winter seasons. The obtained results

show that the some heavy metals are caused by the
agricultural, municipal, and tourism activities operat-
ing in the coastal areas and terrestrial environment,
and they are transported from the creeks to the Gokova
Bay by suspended particulate matter.
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Introduction

The metals of natural and/or anthropogenic origin are
transported by rivers and transferred to the costal
marine system through estuaries (Poikane et al.
2005; Censi et al. 2006). Therefore, the estuaries con-
stitute a natural reactor in which heterogeneous pro-
cesses at the interface between dissolved phase and
suspended particulate matter constitute an important
part of the metals geochemical cycles (Morillo et al.
2005; Censi et al. 2006).

Many contaminants, such as heavy metals, are re-
moved from the sea water by biological and physico-
chemical processes, including scavenging by sinking
particulate or organic matter, and are incorporated into
sediments on the seabed (Puig et al. 1999). The metals
in sediments represent a combination effect of chem-
ical, biological, and physical processes in fluvial, es-
tuarine, and coastal environments (Liu et al. 2007).
The suspended particulate matter is one of the most
important parameters for evaluating weather pollution
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in water systems, and pollutants such as heavy metals,
polycyclic aromatic hydrocarbons, phosphorus, and or-
ganic compounds are adsorbed onto suspended solids in
water column (Rossi et al. 2005). Many trace metals
adsorb strongly on particles (Yiğiterhan and Murray
2008), and thus they are preferentially associated with
particulate matter in rivers (Guieu and Martin 2002;
Yiğiterhan and Murray 2008).

Numerous studies have demonstrated that near-
shore sediments from coastal areas near large indus-
trial and urban centers are very often highly contam-
inated by heavy metals (Puig et al. 1999; Turkmen and
Turkmen 2004; Balkis et al. 2010). Most of the con-
taminants discharged by rivers, sewers, and pipelines
are associated with sludge and fine river particles.
Thus, the fate of contaminants introduced into the
sea is closely associated with the transport and depo-
sition of the particulate (Puig et al. 1999). The aim of
the study is to investigate the change of concentrations
of Cd, Cu, Fe, Pb, and Zn in suspended particulate
matter and sediments of the study area, to identify
possible the transport of the metals from the creeks
to the Gokova Bay.

Materials and methods

Study area

The inner Gokova Bay is located in the southwest of
Turkey within the boundaries of Mugla (Fig. 1). There
are two significant creeks within the study area. Kadın
creek is a meandering stream with a length of approx-
imately 1.700 m and depth of more than 6 m in some
parts. While structuring is seen in the north section,
the south section is largely covered by marshes.
Throughout its journey from the source to the sea,
the amount of water is increased by the contributions
of small sources, especially from the northern side.
Akcapinar creek has a length of approximately
2.250 m and an average depth of around 1.5–2 m with
a more meandering and regular structure (Aydın 2010).

The amount of solid wastes in the inner Gokova
bay increases considerably in summer months due to
the increase in the number visitors. Wastewater treat-
ment plant operation was transferred to the municipal-
ities in October 2008 by the protocol between Akyaka,
Gökova municipalities, and the Special Environmental

Fig. 1 The map of study area

Table 1 Flame atomic
absorption spectrophotometer
operating conditions

Fe Cu Zn

Wavelength (nm) 248.3 324.7 213.9

Slit width (nm) 0.2 0.2 0.5

Sensitivity (μg/ml) 0.05 0.0025 0.008

Flame type Air-acetylene Air-acetylene Air-acetylene

Lamp current (mA) 7.0 3.0 5.0
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Protection Organization. Moreover, the tour boats and
the fishing boats are also a significant source of water
pollution as sometimes they illegally dispose their
waste to the water instead of using the sewage system.
A large number of farmers in the inner Gökova Bay
involved in agricultural activities do not get consul-
tancy services from experts about selection and appli-
cation methods of chemicals (SMAP 2009).

Sampling and analyses

Water samples were collected in between February 2008
and September 2008 in the inner Gokova bay (three

stations) and the two creeks (six stations). The water
samples were collected with Nansen Bottle, and they
were immediately transported to the laboratory. Concen-
trations of suspended particulate matter in the water
samples were measured conventionally by filtering wa-
ter samples (~1,000 ml) through pre-weighted 0.45-μm
paper filters, upon which the filters were dried at 105°C
for 12 h and weighted. The weight difference between
filter papers before and after filtration and drying was
used to calculate the amount of suspended particulate
matter in the water samples (Onderka and Pekárová
2008). The calculated values of suspended particulate
matter for each station were noted.

Table 2 The programs for Cd and Pb in furnace atomic absorption spectrophotometer

Pb Cd

Wavelength (nm) 283.3 228.8

Slit width (nm) 0.2 0.2

Lamp current (mA) 5.0 3.0

Steps Temperature
(°C)

Ramps (s) Holds (s) Argon flow
rate (ml/min)

Temperature
(°C)

Ramps (s) Holds (s) Argon flow
rate (ml/min)

1 150 5 20 250 150 5 20 250

2 200 5 15 250 200 5 15 250

3 800 10 20 20 500 10 20 20

4 2,000 0 5 2 1,800 0 5 2

5 2,200 1 3 250 2,200 1 3 250

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0
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Fig. 2 The frequency
curve of suspended
particulate matter
calculated by Gauss
distribution function
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The surface sediment samples were collected in April
2008, June 2008, and July 2008 with trap method. Four
composite samples (three grabs per sample) were col-
lected from the inner Gokova Bay (three stations) and
the two creeks (six stations). The samples of sediments
were stored in polyethylene containers and transported
to the laboratory. Sediments samples were homogenized
(105°C for 12 h) and were sieved through a 200-mesh
sieve to normalize for particle size.

The procedure used was that described for diges-
tion of the samples in the CEM Digestion Applications
Manuel (Anon 1994). The samples of 100 mg dry
sediments and SPM were placed in a Teflon vessel

(100 ml capacity) with water (10 ml), HNO3 (4 ml),
HF (4 ml), and HCI (2 ml). It was then subjected to
treatment for 30 min, in a CEM Digestion System
Model MDS 2000 (CEM Corporation Matthews NC).

Since power input, maximum 630 W, was interrup-
ted when the pressure within the control vessel
reached 0.828 Mpa, and since pressure generation
within vessels was influenced largely by the organic
matter content of samples, it was important on the
grounds of safety to place the most labile sample in
the control vessel. To facilitate this, samples were
attended to in order of decreasing organic matter.
Digests were treated with crystalline H3BO3 (25 ml)

Table 3 The metal concentrations in SPM

Stations Cd (μg/g) Cu (μg/g) Fe (mg/g) Pb(μg/g) Zn (μg/g)

Akçapınar Creek
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

1.494±2.138 2.735±1.591 23.042±17.785 14.124±11.729 284±200

Min–Max Min–Max Min–Max Min–Max Min–Max

0.048–6.466 0.867–5.800 2.445–72.375 0.017–40.786 30–749

Kadın Creek
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

1.908±2.632 3.605±2.056 26.359±12.271 34.699±26.471 497±193

Min–Max Min–Max Min–Max Min–Max Min–Max

0.038–7.813 1.061–7.850 9.688–60.455 0.363–88.550 184–987

Gökova Bay (inner)
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

0.328±0.250 1.660±0.999 9.988±5.402 10.026±12.95 176±95

Min–Max Min–Max Min–Max Min–Max Min–Max

0.078–0.579 0.427–2.876 4.591–21.519 0.276–36.784 78–408

Table 4 The metal concentrations in sediment (μg/g)

Stations Cd Cu Fe Pb Zn

Akçapınar Creek
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

0.400±0.100 104±171 4987±439 24±4 38±13

Min–Max Min–Max Min–Max Min–Max Min–Max

ND to 0.450 3–301 4491–5325 20–28 27–52

Kadın Creek
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

0.200±0.100 17±4 5051±696 17±6 51±10

Min–Max Min–Max Min–Max Min–Max Min–Max

ND to 0.300 14.4–21 4253–5532 11–23 40–60

Gokova Bay (Inner)
(mean of three stations)

AM±SD AM±SD AM±SD AM±SD AM±SD

ND 2±7 4824±328 14±17 32±7

Min–Max Min–Max Min–Max Min–Max Min–Max

ND 1–14 4522–5173 4–35 24–37
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Table 5 Physico-chemical parameters of inner Gokova Bay during February 2008 to February 2009 (Erdinç 2010)

Stations and parameters Akçapınar Creek
(Min–Max) average

Gokova Iner Bay
(Min–Max) average

Kadın Creek
(Min–Max) average

Water temperature (°C) 14.31–20.50 15.63–25.16 15.32–17.06

17.19 17.87 15.97

pH 6.02–7.85 6.1–8.35 6.25–7.76

7.02 7.36 6.95

Dissolved oxygen (mg/L) 4.28–7.58 6.81–9.71 7.17–9.51

6.26 8.30 8.33

Electricity conductivity (μS/cm) 810–11293 4562–58818 2795–8982

4861 22.430 4588

Phosphate–PO4
-3 (μmol/L) ALA–9.50 ALA–11.63 ALA–5.83

5,39 1.89 1.59

Tin (NO3–N+NO2–N+NH4–N) (μmol/L) 2.46–47.24 0.71–25.93 0.59–23.92

16.72 9.56 11,85

Fig. 3 The metal concentra-
tions in SPM
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to neutralize excess HF, transferred to polythene con-
tainers (Dalman et al. 2006).

Analytical procedures

A GBC 9000 model flame atomic absorption spectro-
photometer (FAAS) was used for the determination of
the metals. Particular attention paid to the cleanliness
of all wares and factory-prepared AAS standard sol-
utions were run as samples for accuracy check after
three measurements. The solutions were directly aspi-
rated to a burner at a flow rate of 5–7 ml min−1.

Operating parameters used in the FAAS are listed in
Table 1. A GBC 3000 model graphite furnace atomic
absorption spectrophotometer (GFAAS) was used for
the determination of Cd and Pb. The program for
determination of Cd and Pb by GFAAS are given in
Table 2 with the instrumental setting. Argon 99.96%
(v/v) was used to protective gas throughout in GFAAS
(Atgin et al. 2000; Dalman et al. 2006).

The quality of data was checked bye the analysis of
standard reference materials (SRM-2704, SRM-1646).
The measured concentrations are in good agreement
with standard reference materials. The SRMs were

Fig. 4 The metal concentra-
tions in sediments
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analyzed before starting the measurements, and results
were compared with certified values. The results were
within between ±5% and ±15% of the certified
materials.

Statistical analysis

The Pearson’s correlation analysis was used to
compare means of metal concentrations in the sed-
iment samples and SPM samples of study area by
using SPSS. Further analysis was carried out only
where there a significant difference at the 5% (p<
0.05) and 1% (p<0.01) level of significance.
Gaussian Frequency Curve of SPM was lined by
the following equation.

f ðxÞ ¼ 1

σ
ffiffiffiffiffi

2p
p e

�ðx�x�Þ2
2σ2 ð�1 < x < þ1Þ

Where x− is arithmetical mean value and σ is stan-
dard deviation.

Results and discussion

Suspended particulate matter amounts by Gaussian
frequency curve

The frequency curve of SPM calculated by Gauss
Distribution Function is shown on the Fig. 2. As
examined the curve of SPM in the Fig. 2, it has been
understood that it has a regular distribution and it can
be accepted that the standard error analysis is mean-
ingful statistically.

The metals concentrations in suspended particulate
matter

The metal concentrations in SPM are summarized (arith-
metic mean (AM), minimum, maximum, and standard
deviation (SD)) in Table 3. The mean of the metal con-
centrations in the SPM varied in the following ranges:
Cd<Cu<Pb<Fe<Zn. The SPM dominated by Zn
(>50 μg/g) and the concentrations of Fe in SPM
exhibited ranged from 4 to 22 μg/g. The concen-
trations of Cu, Cd, and Pb are found as <0.1 μg/g.

In general, the high SD values for the metals (espe-
cially Pb) in SPM are observed. It can be an effect of the
storm conditions in the sampling period (Table 3). The T
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contaminants discharged by the creeks can be associated
with the particles. The heavy metal concentrations in the
SPM also indicate the degree of contamination of par-
ticles discharged by the two creeks onto the inner
Gokova Bay. The metal concentrations in the sediments
are much higher than the metal concentrations in SPM
(Table 4). This result shows that the metals in the SPM
may be precipitate on the surface of sediments.

Significant differences were observed in the mean
metal concentrations of SPM between the three sta-
tions. In general, the mean of the metal concentrations
in SPM varied in the following ranges: Gokova Bay<
Akçapınar Creek<Kadın Creek. The concentrations of
the metals in SPM at Kadın Creek were higher than
other stations, except Zn. The metal concentrations in
the creeks are higher than the metal concentrations in
the inner Gokova Bay. There is no industrial activity
and mine. But Kadın Creek is mainly polluted by
domestic waste, and Akcapınar Creek is affected by
agricultural activities. The results show that both the
creeks are extremely susceptible to pollution. The
creeks may not have the environmental capacity to
eliminate any anthropogenic activity around them.
Table 5 shows the physico-chemical parameters of
water samples in the study area. According to these
results, it was seen that Akçapınar creek is mostly ex-
posed to agricultural pollution, and Kadın creek is ex-
posed to domestic pollution (Erdinç 2010). The results
of the study are similar to the results of this study.

In other words, they have a low capacity of assim-
ilating pollution. Fertilizers and pesticides used for
agricultural purpose in the region can be carried into
the creeks and indirectly to the marine environment.

Unless the necessary measures are taken and
environment-friendly agricultural practices are

adopted in the fields around Akcapinar Creek, eutro-
fication will occur in 20–30 years due to the excessive
use of agricultural chemicals, and the organisms living
in water will decrease altogether (SMAP 2009).

The concentrations of Zn in SPM had the highest
mean values at three stations, while the concentrations
of Cd had the lowest mean values. The highest mean
value of Zn at Kadın Creek was 497±193 μg/g.

With the start of the tourism season, the values of
the Cu and Pb increase in the SPM in the three stations
(Fig. 3). Daily boat trips increase remarkably in sum-
mer, especially at weekends in Gokova, increasing the
physical pollution load in the harbor and the water
nearby. Despite warnings, the tour boats discharge
their bilge water to the sea. The solid and liquid wastes
of bigger boats arranging “blue tours” in Gokova Bay
also contribute to the marine pollution. The waste
from the human activities in the creeks, especially
agricultural waste, waste from the fishing boats and
small restaurants, and waste from the street water, get
mixed up with the creek water and the coastal water
(SMAP 2009). The concentrations of Zn and Fe in
SPM have the high mean values when compared with
those other metals, and these metals do not show too
much change depending on the study period. They may
be geological origin. Fe, especially, is a main constituent
of sediments and SPM. Thus, Fe is not subjected to
anthropogenic changes (Woitke et al. 2003). The con-
centrations of the other metals (Cu, Pb, Cd) depend on
the study period. In April, May, and June, the high
concentrations of the metals (Cu, Pb, Cd) were ob-
served. The waste from the human activities in the
creeks, especially agricultural waste, waste from the
fishing boats and small restaurants, and waste from the
street water get mixed up with the creek water and the

Table 7 Average concentrations of heavy metals in SPM from different regions (μg/g)

Cd Cu Fe Pb Zn

Guadaira river, Spain 3 25 25.000 20 51 Gonzalez et al. 2000

Iskenderun bay, Turkey 5.88–66.7 110–725 21894–55201 65–783 526–1547 Turkmen and Turkmen 2004

Jiaozhou bay, China 0.55–4.39 4.11–203 – 50.1–132 118–447 Li et al. 2006

Stream A (flows into
the Potter cove)

69.12 139.69 69120 5.73 42.76 Andrade et al. 2001

Stream B (flows into
the Potter cove)

32.81 81.10 32810 2.37 35.97 Andrade et al. 2001

Akçapınar Creek 0.048–6.466 0.867–5.800 2447–72375 0.017–40.786 30–749 This study

Kadın Creek 0.038–7.813 1.061–7.850 9688–60455 0.363–88.50 184–987 This study

Gokova Inner Bay 0.078–0.579 0.427–2.876 4591–21519 0.276–36.784 78–408 This study
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coastal water. These activities may be an important
source of the metals (Cu, Pb, Cd).

The metals concentrations in sediments

The metal concentrations in sediments are summarized
(AM, minimum, maximum, and SD) in Table 4. The
mean concentrations of the metals in sediment sam-
ples varied in the following ranges: Cd<Cu<Pb<Zn<
Fe. The most abundant metal in sediments was Fe
at concentrations >4,000 μg/g. The low concentra-
tions of Pb, Zn, Cu, and Cd were observed. In
April, the concentrations of the all the metals in
the sediment samples were determined at the three
stations (Fig. 4).

Fe had the highest mean values at the three stations,
while Cd had the lowest mean values or below detect-
able levels (Table 4). On the other hand, the concen-
trations of Cd in marine sediment samples are below
detectable levels whereas the concentrations of Cd in
the creeks samples are over detectable levels. The
concentrations of Cu in the sediment samples
exhibited in the all stations during this study, the high-
est values are observed in April (Fig. 4). Fe occurs as
magnetite, hematite, siderite, or pyrite ores in combi-
nation with manganese, carbon, and sulfur as impuri-
ties in sedimentary rock deposits (Oguzie and
Izevbigie 2009). Cadmium is sourced anthropogeni-
cally from the burning of oil, use of pesticides, air, and
dust of urban areas where vehicular traffic is common,
since cadmium is present in tires and in several

vegetable species in farmlands as well as leach from
municipal solid wastes (Yong et al. 1992; Atgin et al.
2000; Oguzie and Izevbigie 2009). The concentration
of Cd was below Cd mean value (0.11 mg/kg) recom-
mended for unpolluted sediment (GESAMP 1985;
Oguzie and Izevbigie 2009).

The metal concentrations in Gokova Inner Bay are
compared with those reported for other areas (Tables 6
and 7). The concentrations of Fe in sediments and
SPM in this study are significantly higher than those
reported for other environment. Fe (III) oxides consti-
tuted the major components of the surface sediments
in Gokova bay. Such amorphous oxides are known to
concentrate heavy metals on their surfaces in a sulfide-
poor environment like Gokova Bay where oxic surface
sediments predominate (Balkis et al. 2010). Even so,
in order to understand the geochemical distribution of
the studied metals in the surface sediments, a study of
geochemical partitioning of these elements (meaning
the separation of the metal geochemical fractions
which could be present in sediments: (1) exchangeable
adsorbed metals; (2) oxidizable metal complexes; (3)
metals in carbonates; (4) reducible compounds; (5)
residual metals) is necessary and will be developed
in the near future (Andrade et al. 2001).

Statistical analysis

The Pearson’s correlation analysis was performed on
metal concentrations data of SPM and sediment sam-
ples in this study to investigate the relationship

Table 9 The Pearson’s correlation analysis was performed between the stations in the metal concentrations in SPM (**: p<0.01)

Akcapinar Creek Cor. Kadin Creek Cor. Gökova Bay Cor.

Akcapinar Stream 1 – 0.999** 0.000 1.000** 0.000

Kadin Stream 0.999** 0.000 1 – 1.000** 0.000

Gökova Bay (Inner) 1.000** 0.000 1.000** 0.000 1 0

Table 8 The Pearson’s correlation analysis was performed between the metals in SPM (*: p<0.05, **: p<0.01)

Cd Cor. Cu Cor. Fe Cor. Pb Cor. Zn Cor.

Cd 1 – 0.228 0.242 0.096 0.628 0.269 0.167 0.420* 0.026

Cu 0.228 0.242 1 – 0.522** 0.004 0.856** 0.000 0.539** 0.003

Fe 0.096 0.628 0.522** 0.004 1 – 0.610** 0.001 0.829** 0.000

Pb 0.269 0.167 0.856** 0.000 0.610** 0.001 1 – 0.726** 0.000

Zn 0.420* 0.026 0.539** 0.003 0.829** 0.000 0.726** 0.000 1 –
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between the metal concentrations. All correlation sig-
nals were two-tailed.

In general, significant positive correlations (p<
0.05, p<0.01) were found between the metals in
SPM (Table 8). These results may show that these
metals have similar sources and thus, having similar
sources, can be related to geological structure of this
area. It has been reported that many metals are strong-
ly complexed by organic ligands. These metals may
interact in solution with dissolved organic matter (che-
lation/complexation process) that is in turn concentrat-
ed onto fine particulates such as clay minerals
(Carlosena et al. 1998; Qu and Kelderman 2001).

We also applied on the metal concentrations in
SPM and sediment samples to investigate the relation-
ship between the stations. There were also highly
positive relationships between the stations (p<0.01)
for each metal in SPM (Table 9). In addition, the metal
concentrations in the creeks are much higher than the
metal concentrations in marine environment. These
results show that the metal transfer may be from the
creeks to the sea water.

There were no positive relationships between all the
metals in sediments samples (Table 10). The positive
correlations were found between Cd, Cu, Pb, and Zn. Pb
had no strong correlations with other metals (Table 10).
These results suggest that Cd, Cu, and Zn are character-
ized by similar hydro-geochemical behavior in sedi-
ment. The correlation of Cd, Cu, and Pb was found
ascribed to industrial activities (Scerbo et al. 2002;

Morselli et al. 2004). SPM samples and sediment sam-
ples did not show similar characteristics for measuring
metals. Sediment matrix has a very complex structure.
Interaction between the metals is very difficult in sedi-
ment (Aydın 2010).

Significant positive correlations were also observed
in the metals concentrations between three stations
(Table 11). These results show that these are related
to the behaviors of the metals in the sediment samples.

Conclusions

We observed Cd, Cu, Fe, Pb, and Zn in suspended
particulate matter and sediments in the inner Gökova
Bay, Kadın Creek, and Akçapınar Creek. Suspended
particulate matter in study area has regular
distribution.

The mean concentrations of the metals in SPM
varied following ranges: Cd<Cu<Pb<Fe<Zn. But
sediment samples varied in following ranges: Cd<
Cu<Pb<Zn<Fe. The dominant metals are Fe and Zn
for both samples. The metal concentrations in the
sediment samples are much higher than the metal
concentrations in the SPM. The data show that the
metals in SPM may be precipitate on the surface of
sediments. The metal concentrations in SPM at the
Kadın creek were higher than other stations, except
Zn. Kadın creek is mainly polluted by domestic
wastes. In general, the significant positive correlations

Table 11 The Pearson’s correlation analysis was performed between the stations in metal concentration data of sediment (**: p<0.01)

Akcapinar Cor. Kadin Cor. Deniz Cor.

Akcapinar Creek 1 – 1.000(**) 0.000 1.000(**) 0.000

Kadin Creek 1.000(**) 0.000 1 – 1.000(**) 0.000

Gökova Bay 1.000(**) 0.000 1.000(**) 0.000 1 –

Table 10 The Pearson’s correlation analysis was performed between the metals in the sediment samples (*: p<0.05, **: p<0.01)

Cd Cor. Cu Cor. Fe Cor. Pb Cor. Zn Cor.

Cd 1 – 0.863** 0.001 −0.653* 0.028 0.197 0.306 0.653* 0.028

Cu 0.863** 0.001 1 – −0.380 0.157 0.223 0.282 0.411 0.136

Fe −0.653* 0.028 −0.380 0.157 1 – 0.266 0.245 −0.314 0.205

Pb 0.197 0.306 0.223 0.282 0.266 0.245 1 – 0.140 0.360

Zn 0.653* 0.028 0.411 0.136 −0.314 0.205 0.140 0.360 1 –
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were found between some the metals in the both
material. The results show that these metals have
similar sources and, having similar sources, can be
related to geological structure of the study area. On
the other hand, significant positive correlations were
also observed in the metal concentration between three
stations in the both materials. This situation may show
that the metals transfer from the creeks to the sea
water.
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