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Publication Data

During the period 2008–2009, eight sampling stations were carried out on Lake Uluabat to assess trace
element distribution in the lake sediments and to identify major sources of the sediment pollution. Ten elements,
including Iron (Fe), Manganese (Mn), Zinc (Zn), Chromium (Cr), Nickel (Ni), Copper (Cu), Lead (Pb),
Cadmium (Cd), Arsenic (As), Boron (B) were determined in the sampled lake sediments. The lowest and
highest variation intervals (5.0377- 27664.197 mg kg-1) were found for Cd and Fe, respectively. Concentrations
of Cr (131.627 mg kg-1), Ni (220.032 mg kg-1) and Cd (5.0377 mg kg-1) in sediment samples were higher than
in the other regions. Moreover, suspended solids, conductivity, pH, temperature and the organic matter %
were found to affect the concentrations of sediment. On the basis of the findings of the study, it was concluded
that higher concentrations of trace elements in dry seasons increased with the increase in suspended matter,
pH, percentage organic content, and conductivity.
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Introduction
Heavy metals and trace elements are widespread pollutants
of great environmental concern as they are nondegradable, toxic
and persistent with serious ecological ramifications on aquatic
ecology (Jumbe and Nandini, 2009). With rapid development of

chemical and manufacturing industries, wastes containing heavy
metals are directly or indirectly being discharged into the environment
causing serious environmental pollution and even threatening
human life (Das et al., 2008). In the aquatic environment, trace
elements are distributed between the dissolved phase, colloids,
suspended matter and sedimentary phases. Sediments and soils
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have a high storage capacity for contaminants. In the hydrological
cycle, less than 0.1% of the metals are actually dissolved in the
water, and more than 99.9 % are stored in sediments and soils
(Pradit et al., 2010).
The site of deposition, however, is controlled by physical
and chemical processes which are influenced by climatic and
seasonal variations (Krupadam et al., 2003). Weather conditions
can play an important role in the metal distribution over the lake,
especially as a very shallow water system. Wind speeds, rainfalls
and other meteorological conditions affect the concentrations of heavy
metals and suspended particulate matter, especially in the shallow
lakes. Usually in most aquatic systems, heavy metal concentrations
in bottom sediments and suspended particulate matter concentrations
correlate very well (Nguyen et al., 2005).
The objective of the present study was may to examine the
concentrations of selected heavy metals and trace elements in the
sediment samples at different stations and during different months in
Lake Uluabat, during May 2008-2009.
Materials and Methods
Study area : Lake Uluabat, which is located in Marmara region
(40º10' N, 28º35' E), Bursa (Turkey) is one of the most productive
lakes with respect to aquatic ecosystems. The surface area of the
lake is 161 km2 at maximum water level and 138 km2 at minimum
water level and its average depth is 3 m (Aksoy and Özsoy, 2002).
Lake Uluabat has been polluted by heavy metals (Barlas et al.,
2005). There are 67 residential areas, factories, workplaces,
agricultural operations and mines in the basin of the Brook
Mustafakemalpasa (MKP), which feeds the lake. Furthermore, the
Brook MKP carries a significant amount of suspended solids, which
is linked to reduction in the surface area and the volume of the lake.
One of the most important centers in the MKP Basin, Tavganli has a
sewage network without any sewage treatment facility. This raw
sewage network enters the lake without wastewater treatment
process originates from twenty-seven (27) dairy and butchery
plants, and from 16 residential areas along the creek. The domestic
and industrial wastewater of Akçalar is discharged to Akçalar Creek,
and finally to Uluabat Lake. Uluabat, Atabay and Karaoðlan pumping
stations are near to some residential areas and factories which
discharge wastewaters into the drainage canals of SHW. Reverse
current occurs in the Brook Kocasu which drains the lake, as its flow
rate is increased by rainfall during winter. The Brook Kocasu formed
by the merging of the brooks Nilüfer and Simav, carries contaminants
into the lake.
Sampling procedure : The water and sediment samples were
taken each month for one year, between May 2008-2009, in order to
observe spatial and temporal differences. The samples were taken
from 8 stations (1 to 8), which were selected according to their distances
from the contaminant sources in the lake and their hydrodynamic
characteristics. The sampling stations are shown in the map (Fig. 1).
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Fig. 1: Sampling Stations in Lake Uluabat, Turkey

Water samples were taken from the lake bottom (just above
the layer of the sediment) by using a standard sampling device
(Hydro-Bios brand), which can take samples along the depth. The
water samples were transferred into dark-colored polyethylene
(PE) bottles that had been washed with HNO3 and deionized water.
Sediment samples were taken at the depth of 5 cm from surface of
the lake bad with an Ekman sediment sampler (Hydro-Bios brand).
The sediment samples were then transferred to the laboratory in
clean plastic bags. Than all samples kept at -18 oC until analysis. All
glassware used for the analyses were carefully cleaned with nitric
acid followed by thorough rinsing with distilled water before use. All
reagent used were of analytical reagent grade (Merck, Germany).
Laboratory analysis : Suspended solids were dried at 103-105 °C
and measured using gravimetric method. Percentage organic matter
(%) of the sediment samples was measured by incineration method.
pH and conductivity parameters of sediment were measured by
1:10 sediment-water mixture (Radojevic and Bashkin, 1999). Water
temperature, pH and conductivity parameters of sediment were
measured using a HACH brand Sension 156 device. Percent
particle size distribution (sand, silt and clay) of sediment was
determined using the hydrometer method (Bouyoucos, 1951).
Texture classes were evaluated according to the Soil Survey Manual
(Soil Survey Staff, 1962).
Sediment samples were air dried and then sieved through
a 0.2 mm mesh. 0.5 g homogenized sediment samples were digested
with aqua regia solution HCl/HNO3 3/1 (v/v) and then diluted to 50
ml with deionized distilled water. Samples were placed in Teflon
cups and digestion operations were performed in a CEM brand
Mars 5 model microwave device. Microwave decomposition
operations were programmed as a 3-phase process. The device
operated at 5 psi (1 psi=6.89 kPa) for 1 min in the 1st stage, at 25 psi
for 5 min in the 2nd stage and at 120 psi for 60 min in the 3rd stage
(Nguyen et al., 2005).

Assessment of trace elements pollution in sediments of Lake
Trace elements were determined using the VISTA-MPX
model of the VARIAN brand ICP-OES device. Three different groups
were formed while preparing the standards in order to prevent
elements from interfering with each other during readings. The
grouping was as follows: 1st group: Fe, Zn, Cr, Mn, Ni and Cu; The
2nd group: B, Cd and Pb; 3rd group contained only As which was
analyzed using a hybrid system. A standard stock solution of 1000
µg ml-1 (5% HNO3) was used in the preparation of standards. As
the concentrations of trace elements in the sediment are of very
different concentrations three different standard series (low, mid and
high) were prepared at ppb level. All analyses were done in
duplicate. The device was calibrated using a solution of 5 mg l-1
prepared from a Merck Mn solution of 500 mg l-1. The ambient
temperature was kept at 25 °C to prevent possible expansion during
the calibration.
Blanks and Standard reference materials (SRMs) were
included in each digestion batch to verify the accuracy of the
calibration and standardization method. ERM-CC135a
(European reference materials) was used as the reference
material. All metal concentrations were determined on dry weight
basis. Computation of results were given in ppm. Data analysis
(standard deviation, minimum and maximum concentrations)
were carried out.
Statistical analysis of trace elements in the sediment samples
was done. Correlation coefficients (r values) determined the
correlations between parameters and the significance level was
detected as p<0.05. Analysis of variance (ANOVA) was applied to
see if there were any spatial and temporal variations for the studied
trace elements in the sediment samples. All statistical calculations
were done using Minitab 15.0 Program (Minitab, 2007).
Results and Discussion
The molar ratios of B:Fe:Mn:Ni:Cr:Zn:Cu:As:Cd:Pb
were determined and their order of size according to
concentrations was Fe>Mn>Ni>B>Zn>Cr>Pb>Cu>As>Cd.
Factorial ANOVA was carried out by using General Linear Model
method to be able to understand whether the differences of the
trace metal concentrations in the sediment among stations and
months were significant (Table 1). Variance in the trace element
concentrations within the sediment according to sampling stations
and sampling months showed significant (Fig. 2) variations in
the concentrations of As, Cr, Fe, Mn and Zn according to
sampling stations and insignificant variations for Cd, Cu, Ni, B
and Pb (p<0.05).
The monthly variations of all of the elements examined were
determined to be significant (Fig. 3). Generally, the concentrations
were observed to be high in summer and in the dry periods at the
beginning of autumn and low in winter and spring. However, the
maximum values of Cd and Ni occurred in October and November,
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Table- 1: Concentration of trace elements in surface sediment of Lake Uluabat
Element

Concentration (mg kg-1)

Fe
Mn
Cu
Zn
Cr
Pb
Cd
Ni
B
As

27664.1972 ± 12317.1877
781.9467 ± 248.2939
30.4620 ± 11.5228
132.2166 ± 81.4116
131.6276 ± 59.2069
33.3769 ± 16.21583
5.0377 ± 3.0339
220.0328 ± 133.0790
143.5631 ± 114.55002
9.2581 ± 5.9065

Values are mean of replicates + SD

the beginning of the rainy period; and the maximum values of B
were found during the rainy period (April).
The correlations between most of the elements were found
to be significant. However, As and B did not show any correlations
with the other elements, except for a correlation between As and
Cu; and a correlation between B and Cd. The relationships among
the other trace elements were found to be strong. Higher correlation
coefficients show that behaviours of these elements are similar. The
relationship between physicochemical parameters and some trace
elements was found significant.
When the grain size distribution of the Lake Uluabat
sediments was examined, the annual mean percentages of sand,
silt and clay were found to be 12.54, 30.41 and 57.04 %,
respectively. Although the sediments had a clayed structure, the
correlations identified in the data showed that this structure is not
effective on the trace element concentrations of the sediment (Fig.
4). However, fewer data were used in the calculations because
the texture analysis was performed seasonally (Fig. 5). Therefore,
it was not possible to fully understand whether the result would be
insignificant or whether the clay percentage was sufficient to affect
the trace element level.
Annual means, standard deviations and concentration
intervals of the trace elements in the surface sediment of Lake Uluabat
are presented and evaluated in Table 3. The analyzed heavy
metals were evaluated and compared with the selected
internationally applied Sediment Quality Values (NOAA, 1999;
USEPA, 2000; Burton, 2002). The USEPA and the National Oceanic
and Atmospheric Administration (NOAA) now recommend that SQGs
be used for screening in conjunction with other assessment methods.
Sediment quality guidelines (SQGs) have been developed in North
America. The results showed that Cr was above the possible effects
level for the amphipod species Hyalella azteca (PEL-HE28), the
severe effect level (SEL) and other toxic effect levels, however it
was below the effect range median value (ERM); Cd was above
the possible effect level, the toxic effect threshold level, the upper
effect level and possible effect level determined for Hyalella azteca
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and below the effect range median value; Ni was above all of the
toxic levels and the As, Pb, Cu, Fe, Mn and Zn were not present at
sufficient concentrations to have any kind of toxic effect. The lowest
and the highest variation intervals were found for Cd and Fe,
respectively. Cr, Cd, Ni, As, Fe, Mn and Zn were above some toxic
level according to maximum values of USEPA and the National
Oceanic and Atmospheric Administration (NOAA) sediment quality
guidelines. It was observed that most of the trace elements in the
sediment of Lake Uluabat had similar concentration values compared
to the other areas (An and Kampbell, 2003; Yigiterhan and Murray,
2008; Woitke et al., 2003; Kishe and Machiwa, 2003) and the
values of Cr, Ni and Cd were higher than the other regions (YunZeng et al., 2007; Duman et al., 2007; Kishe and Machiwa, 2003).

The concentrations of the elements Fe, Mn, Zn, Cu, Cd
and Ni observed in agricultural soils from the city of Bursa and the
concentrations observed in the Lake Uluabat sediment were similar.
The values of Cr and Pb were higher in the sediment (Aydinalp et
al., 2005). The concentrations of Cr, Pb and Ni in soils from the
Southern Marmara Region, where tomatoes are cultivated on an
industrial scale, were found to exceed the relevant limits (Basar et
al., 2004). It is possible that these trace elements accumulate in the
sediment of Lake Uluabat after reaching the lake via surface flows
from the basins of the Brook MKP and Lake Uluabat, where
agronomic practices are intensively applied. Moreover, the high
content of Ni is thought to originate from the structure of the soil itself
(Basar et al., 2004).

Table- 2: The matrix of correlation coefficients (r-values) among trace elements in sediment samples with water and sediment quality parameters
As

Cr

Cd

Cu

Ni

Fe

Mn

Cr

0.132

Cd

0.014

Cu

0.254 * 0.814 * -0.039

Ni
Fe

-0.102
-0.015

0.263 * 0.225 * 0.211 *
0.948 * -0.175 0.729 * 0.279 *

Mn

0.084

0.915 * -0.024

Zn

0.013

0.499 * 0.584 * 0.488 * 0.322 * 0.481 * 0.538 *

B
Pb

-0.144
0.015

0.044
-0.311 * 0.129
0.046
0.686 * -0.143 0.691 * 0.152

T

0.151

0.448 * -0.368 * 0.362 * 0.062

SS

0.315 * 0.175

pH
EC
Organic Matter

Zn

B

Pb

T

SS

pH

EC

-0.13

0.798 * 0.359 * 0.904 *
0.035
0.05
0.644 * 0.63 *

-0.06
0.333 * 0.141

0.369 * 0.301 * 0.069

0.24 *

0.398 *

0.079

-0.04

0.044

0.332 *

-0.163 0.278 * 0.215 * 0.227 * -0.16
0.504 * 0.409 * 0.382 * 0.223 * -0.04

-0.08
0.051

-0.09
-0.03
0.423 * 0.254 * 0.135

0.129

0.335 * 0.116

-0.092

0.141

0.065

-0.183
-0.06

0.121
0.118
0.407 * 0.044

0.034
0.12

0.115

0.351 * -0.061

0.406 * 0.244 * 0.27 *

0.06

-0.03

0.371 * 0.222 * -0.05

-0.023

0.169

* p < 0.05
Table- 3: Annual mean concentration level of trace elements in surface rediment of Lake Uluabat, Turkey

-1

(mg kg )

This Study

As

Cr

Cd

Pb

Cu

Ni

PEL

17

90

3.53

91.3

197

36

315

SEL
TET

33
17

110
100

10
3

250
170

110
86

75
61

820
540

ERM
85
PEL-HA28 48
UET
17 I

145
120
95 H

9
3.2
3I

110
82
127 H

390
100
86 I

50
33
43 H

4%I

270
540
520 M

Mean
Min
Max

131.627
63.871
315.675

5.0377
0.097
12.541

33.376
8.262
71.779

30.462
14.427
73.789

220.032
83.579
669.825

27664.197 781.946
10774.5 415.307
63668.2 1580.26

9.258
2.932
27.576

Fe

Mn

1100 I

Zn

132.216
27.018
468.611

ERM : Effects range median; dry weight, PEL : Probable effect level; dry weight, SEL : Severe effect level; dry weight , TET : Toxic effect
threshold; dry weight, PEL-HA28 : Probable effect level for Hyalella azteca ; 28-day test; dry weight, UET : Probable effect level for Hyalella
azteca ; 28-day test; dry weight, I : Infaunal community impact, H : Hyalella azteca bioassay, M : Microtox bioassay
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According to the statistical result obtained by ANOVA table,
it was thought that As, Cr, Fe, Mn, and Zn whose concentration
variations among stations were found significant might have been
affected by point pollution sources, particularly they might have
been entered into the lake through industries, rivers and pumping
stations reached by irrigation channels. The variations in As, Cr,
Fe, Mn and Zn in sediment according to sampling stations in the
lake are presented in Fig. 2. The input of suspended solids from the
Brook Mustafakemalpasa may have an effect on the sediment
concentrations at the 3rd, 4 th and 5th stations. Moreover, as
precipitation may occur faster in shallower regions such as the 4 th
station, the ratio of trace elements in the sediment may also increase.
The Brook Kocasu where reverse currents occur, the Brook of
Akçalar and the pumping stations were thought to have effects on
the other stations (1st, 2nd and 7th stations). It was thought that Cd,
Cu, Ni, B and Pb whose concentration variations among stations
were found insignificant might have been affected by mostly diffuse
pollution sources. It was considered that these elements might have
been originating from atmosphere and agriculture, and Ni and B
from the structure of soil itself. When the differences of element
concentrations among months were examined, it is considered that
the variation in the amount of the Cd, Ni and B is affected by
atmospheric emissions, surface runoff and wet precipitation. It is
also considered that the variation in the amount of trace elements is
affected by weather conditions, especially the intensity of the wind
and the concentrations of contaminant sources.
The grain size and the organic matter percent in the
sediment affect the trace element concentrations in the lake sediment.
Trace elements can bioaccumulate in organisms (e.g.,
phytoplankton, algae, molluscs and fish) (Jumbe and Nandini, 2009).
This accumulation affects organic matter of sediment. The relationship
between the concentrations of dissolved heavy metals with the
values of Chl a concentration revealed significant negative
correlations with regard to Cu, Fe and Zn content. This may suggest
that Cu, Fe and Zn are important elements in the biogeochemical
cycle of phytoplankton growth (Faragallah et al., 2009).
Moreover, the concentration of suspended solids in the
water, temperature, pH, conductivity and wind speeds also affect
trace element concentrations in water and sediment (Cuong et al.,
2008; Mil-Homens et al., 2006). The major factors that affect the
biosorption processes are (i) initial metal ion concentrations, (ii)
temperature, (iii) pH, (iv) biomass concentration in solution. pH
seems to be most important parameter in the biosorption processes
(Das et al., 2008). The pH is a key parameter controlling heavy
metal transfer behavior in sediment. Normally, with pH decreasing
in sediment, the competition between H+ and the dissolved metals
for ligands (e.g. OH-1, CO32-, SO42-, Cl-1, S2- and PO43-) becomes
more and more significant. It subsequently decreases the adsorption
abilities and bioavailability of the metals, and then increases the
mobility of heavy metal. Low pH can also allow toxic elements to
become more available for uptake by aquatic plants and animals.
This can produce conditions that are toxic to aquatic life (Peng et al.,

Fig. 2: Values of As, Cr, Fe, Mn and Zn in sediment of Lake Uluabat,
Turkey according to sampling stations
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Fig. 3: Monthly variations in concentrations of trace elements in the lake sediments of Lake Uluabat, Turkey
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Fig. 4: Correlation graphs among precent organic matter and some trace elements (G, CU, Fe and Mn) in sediment of Lake Ulabat, Turkey.

Fig. 5: Correlation graphs among temperature and some trace elements in sediment of Lake Uluabat, Turkey
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2009). Except pH and organic matter, some other factors such as
temperature, salinity, metal species and retention time can also affect
the distributions of heavy metal in sediment. For example, their
mobility capacity varies correspondingly due to the differences of
cation exchange capacity among different metal; the adsorption
content of heavy metal on sediment often decreases gradually with
increasing temperature; with increasing salinity and electrical
conductivity in porewater, the total adsorption content of heavy
metal would decrease ascribed to the competition among heavy
metal and some other cations (Peng et al., 2009). In the light of
these results, it is important to investigate the effects of physicochemical parameters on heavy metal concentrations found in
sediment samples. In line with the previous studies, the relationships
between temperature, suspended solid substance, pH and electrical
conductivity and some trace elements were found significant
(Faragallah et al., 2009).
It is inferred that unsustainable and chemical intensive
agricultural practices, untreated effluents from the point sources and
atmospheric depositions chemicals into the lake may have increased
the concentrations of various trace elements.
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