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Özet: Türkiye’de İzmit Körfezi’nde yüzey suyu ve sedimentte, indikator poliklorlu bifeniller (PCB’ler) ile 1,1,1-trikloro-2,2-bis-
klorofenil-etan (DDT) ve metabolitlerinin konsantrasyonları ve dağılımı tespit edilmiştir. Toplam PCB ve toplam DDT 
konsantrasyonları su örneklerinde sırasıyla <0.003 - 440 ng/L, ve <0.003 - 1255 ng/L olarak tespit edilirken, sediment örneklerinde 
<1 - 674 ng/g kuru ağırlık, ve <1 - 7286 ng/g kuru ağırlık olarak tespit edilmiştir. Sediment örneklerinde tespit edilen PCB ve DDT 
konsantrasyonları, bu hidrofobik maddelerin sediment fazına olan yüksek affinitelerine bağlı olarak, yüzey sularından çok daha 
yüksek bulunmuştur. 28, 52, 101 IUPAC No’lu PCB bileşenleri ve p,p’-DDT su ve sediment örneklerinde sıklıkla tespit edilmiştir. 

 
Anahtar Kelimeler: PCB; DDT; Marmara Denizi; İzmit Körfezi 
 

Spatial and Seasonal Distribution of Organochlorine Contaminants in Surface 
Water and Sediment from the İzmit Bay, Turkey 

 
Abstract: The concentrations and distribution of indicator polychlorinated biphenyls (PCBs) and 1,1,1-trichloro-2,2-bis-
chlorophenyl-ethane (DDT) and its metabolites were determined in surface water and sediments from the İzmit Bay, Turkey. The 
results showed that the levels of the total PCBs and total DDTs ranged from <0.003 to 440 ng/L, and <0.003 to 1255 ng/L in water, 
and from <1 to 674 ng/g dry weight, and <1 to 7286 ng/g dry weight in sediments respectively. Concentrations of PCBs and DDTs in 
sediment were significantly higher than those in surface water, due to the high affinity of these hydrophobic compounds for sediment 
phase. Congeners IUPAC Nos. 28, 52, 101 and p,p’-DDT were found frequently in water and sediment samples.  
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• Doktora tezinden özetlenmiştir. 
 
Introduction 
 
Among a large number of man-made chemicals, 
organochlorines such as 1,1,1-trichloro-2,2-bis-
chlorophenyl-ethane (DDT) and polychlorinated 
biphenyls (PCBs) are of great concern due to their highly 
persistent nature and global occurence (Glynn et al., 1995; 
Tkalin, 1996). These chemicals are bioaccumulative in 
nature, can biomagnify in the foodweb and induce various 
toxic effects in marine organisms (Fernandez et al., 1999; 
Maskaoui et al., 2005; Mora et al., 2005). Industries such 
as manufacture of adhesives, additives to hydraulic oil, 
capacitor and transformer fluids, paints, fire retardants, 
plastics, extenders in pesticide and carbonless copying 
paper have extensively used PCBs, because PCBs are 
extremely resistance to acid and base, heat stable and very 
inert (Alford-Stevens, 1986). The commercial production 
and usage of PCBs ceased in 1977, however illegal use 
and dumping of waste containing PCBs still pose serious 
environmental problems (Alford-Stevens, 1986; Connell 
et al., 1998). They have been reported to cause variety of 
effects including immunologic, teratogenic, carcinogenic, 
reproductive and neurological problems in organisms 
(Kodavanti et al., 1998). 
 
Even after being banned, DDT is still being produced and 
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used in many developing countries in agriculture to 
control pests effectively and in public health activities for 
the control of the diseases such as malaria and typhus 
(Pham et al., 1996; Tkalin, 1996; Wu et al., 1999; Nhan et 
al., 2001). Similar to PCBs, DDTs also cause endocrine 
disruption and are hazardous to human and/or 
environmental health (Babu-Rajendran et al., 2005). DDT 
and some of its metabolites are mutagenic, potentially 
carcinogenic, and are known to be environmental 
estrogens (Robinson et al., 1985). They are amongst the 
12 Persistent Organic Pollutants (POPs) that are banned 
and included in the list of priority contaminants to be 
monitored regularly, and targeted for ultimate elimination 
under the international treaty (UNEP, 2001; Babu-
Rajendran et al., 2005). 
 
İzmit Bay, located south of İstanbul on the southeast of 
the Marmara Sea, is the most important semi-enclosed 
body of water on the sea of Marmara. Sea of Marmara is 
an inland basin located between the Black Sea and 
Aegean Sea, and has a two-layer stratification (Algan et 
al., 1999). İzmit Bay is one of the most polluted areas in 
Turkey. It is about 50 km in length, 2-10 km in width and 
has a surface area of 310 km2 (Fig. 1). It consists of three 
district parts which behave semi-independently. The 
Eastern sector (inner part) is very shallow (30 m) and 
consists of the most polluted part of the Bay. While the 
industries of petroleum are based in the Central part, the 
entrance to the Marmara Sea through a wide and deep 19 
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channel is located in the Western part (outer part) which 
is less polluted because of better water exchange (Okay et 
al., 2003). In addition, there are no industries with high 
polluting potential in Western part. The Central part is 
highly affected by the heavy industries discharging their 
wastewaters through Dil River into the Bay. The Eastern 
part is the most polluted, industrialized and the shallowest 
site of the Bay. One of the most-crowded cities of Turkey, 
İzmit, is situated on the coast of that part (Morkoç et al., 
2007). There are more than 140 large industrial plants, 
such as petrochemical, pesticides and chlorine alkaline 
factories, scattered around the Bay and commissioning of 
these and, particularly, the consequent urbanisation of the 

coastal landscape have completely destroyed the İzmit 
Bay (Telli-Karakoç et al., 2002). The largest wastewater 
contribution comes to the Bay from İzmit city (Legovic et 
al., 1995).  
 
On August 17, 1999, a powerful earthquake struck the 
Marmara region, and after the earthquake, most of the 
industrial treatment plants had been damaged and the 
refinery fire caused an increase in the levels of pollutant 
discharge through Petkim Channel (Okay et al., 2003; 
Morkoç et al., 2007). 

 

 
 

 
 

Figure 1. Location of sampling stations (station 1: Kirazlıyalı; station 2: Petkim; station 3: Koruma Tarım; station 4: 
SEKA; station 5: Sarıdere) in the İzmit Bay in Turkey 

 
In this research, water and surface sediment samples 
collected from 5 different predetermined stations, (from 
west to east) Kirazlıyalı, Petkim, Koruma Tarım, SEKA 
and from the conjunction point of Sarıdere (the stream 
that İzaydaş, the waste incinerator plant, discharges the 
industrial and domestic wastes) and the Bay were 
analyzed monthly between December-2003 and 
November-2004 to measure the contamination level of 
indicator polychlorinated biphenyls and DDT compounds 
threatening environment and human health in İzmit Bay. 
  
According to a study on the global distribution and budget 
of PCBs in surface soils, Turkey is in a global source 
region where 86% of the total global PCB usage occured 
(Meijer et al., 2003), and relatively higher emissions of 
PCBs would be expected on a global scale (Breivik et al., 
2007). Nevertheless, very little is known on the PCB 
contamination and distribution in the environment and the 
biota of the İzmit Bay (Gedik and İmamoğlu, 2010, Gedik 
et al., 2010). Furthermore, in spite of the previous use of 
pesticides in İzmit city and other districts in Marmara 
Region, and Black Sea region, the DDT contamination in 
the Bay has never been measured in any previous studies. 
Also there is a contaminated site, an obsolete pesticide 
dump consisting of approximately 3000 tonnes of HCH 
and DDT. These chemicals are stored in improper 

conditions. The contaminated site is located in a heavily 
industrialized area and approximately 300 m to the shore. 
The nearest facilities are the oil distribution centers of the 
biggest oil companies. The facility, called Koruma Tarım, 
where the pesticides are produced is approximately 700 m 
from the site. No certain vegetation or animal life is 
documented in the area (Türkmen, 2005). Because of the 
reasons mentioned above, the primary purpose of this 
study is, therefore, to determine the levels and distribution 
of PCBs and DDTs comprehensively in the surficial water 
and sediments from the İzmit Bay. As PCB 
concentrations were determined in sea water of İzmit Bay 
before the quake (Telli-Karakoç et al., 2002), data in this 
study would provide valuable information on making 
comparisons and evaluating the effects of the Marmara 
earthquake of 1999 in İzmit, Turkey. 
 
Materials and Methods 
 
Sampling and sample treatment 
Between 2003 (December)-2004 (November) subsurface 
(0.5 m) water and surface (0-10 cm) sediment samples 
were collected using the  Ruttner and an Eckman-Grab 
respectively and placed in hexane-cleaned glass jars with 
foil cap liners at five locations. The stations in İzmit Bay 
were (from west to east) Kirazlıyalı (station 1 - station 
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close to industrial plants), Petkim (station 2 - 
petrochemical and chlorine substances factory), Koruma 
Tarım (station 3 - pesticide and chlorine alkaline 
chemicals factory), SEKA (station 4 - pulp and paper 
factory) and the conjunction point of Sarıdere (the stream 
that İzaydaş, the waste incinerator plant, discharges the 
industrial and domestic wastes) and the Bay (station 5). 
The sampling stations in İzmit Bay are shown in Figure 1. 
The water and sediment samples were stored at <4°C in 
dark until they were returned to the laboratory. The water 
samples were stored at <4°C in dark until analyzed and 
after discarding of excess liquid of the sediment samples, 
they were stored at <-10º C in dark until analyzed 
(USAEPA, 1999). 

 
Standards 
Reference PCBs (7 congeners and mix, each at 10 ng/μL) 
and DDTs (7 metabolites and mix, each at 10 ng/μL and 
mix, each at 100 ng/μL) were obtained from Dr. 
Ehrenstorfer. Working solutions were prepared by 
diluting the stock solutions with hexane to prepare solvent 
and matrix matched calibration solutions for GC analyses 
in the range of 3-500 ng/mL and also the single point 
calibration solutions for the values exceeding calibration 
solutions range. 

 
Sample extraction 
Sediment samples  
Following open air drying for 2 days, sediment samples 
were sieved through a 1mm mesh and 5-10 g was oven-
dried at 110ºC in order to determine the dry weight. All 
results for sediment samples were reported on a dry 
weight basis. Sediment samples (10 g) were mixed with 
anhydrous sodium sulphate and freshly prepared Cu 
granules, and then extracted in 300 mL mixture of 
aceton:hexane (1:1) for 16 hours. Following soxhelet 
extraction, the extracts were concentrated by rotary 
evaporator and purified by passing through Biobeads SX3 
gel permeation chromatography system using ethyl 
acetate:cyclohexane mixture (1:1) as elution solvent with 
the flow rate of 1 mL/min. All the extracts were 
concentrated by rotary evaporator and gentle nitrogen 
blow, and then dissolved in 1 mL n-hexane (USAEPA, 
1996; 1999). 
 
Sea water samples 
Sea water samples (1 L) were extracted with first 60 and 
then 20 mL portions of dichloromethane (3 times for each 
sample) and each portion was drained through the 
anhydrous sodium sulphate. Following separatory funnel 
extraction all the extracts were concentrated by rotary 
evaporator and gentle nitrogen blow, and then dissolved 
in 1 mL n-hexane (USAEPA, 1999). 
 
Analyses 
PCB and DDT determination was carried out on Hewlett 
Packard (HP) 6890 gas chromatoraph with a micro 
electron capture detector (µECD). An Agilent 19091S-
433, HP-5MS, 30 m %5 phenyl-methylpolysiloxane 
capillary column, 0.25 mm i.d. and 0.25 µm film 
thickness was used with helium as the carrier gas at a 
pressure of about 1.5x105 Pascal and nitrogen as the purge 
gas at a velocity of about 40 mL/min. Injection port was 

maintained at 250°C, and the sample was injected in 
splitless mode. Detector temperature was 350°C. Column 
temperature was held at 90°C for initial 4 min, and then 
programmed at 35°C/min to 160°C, held for 1 min, 
ramped at 3°C/min to 244°C and held for 10 min (CEN, 
1996). The peaks were identified by matching the 
retention times of the peaks in the sample with those of 
authentic standards in the calibration solution. PCB/DDTs 
in samples were confirmed by GC/MS using primarily a 
HP 6890 gas chromatograph fitted with an HP 5973 
quadropole mass spectrometer and a Agilent 19091S-433, 
HP-5MS, 30 m %5 phenyl-methylpolysiloxane capillary 
column, 0.25 mm i.d. and 0.25 µm film thickness was 
used with helium as the carrier gas at a flow rate of about 
1.9 mL/min. Injection port was maintained at 250°C, and 
the sample was injected in splitless mode. Column 
temperature was held at 70°C for initial 2 min, and then 
programmed at 25°C/min to 150°C, held for 0 min, 
ramped at 3°C/min to 200°C and held for 0 min, ramped 
at 8°C/min to 280°C and held for 10 min (Meng and 
Szelewski, 2000). And secondly Varian CP3800 gas 
chromatograph with an electron capture detector was also 
used for confirmation. 

 
Quality assurance 
Before analysis, relevant standards were run to check 
column performance, peak area, height and resolution, 
and limits of detection (LoD). For each set of samples to 
be analysed, a field blank, a procedural blank and a 
standard mixture were run in sequence to check for 
contamination, peak identification and quantification.  
 
Compounds were identified mainly by their retention 
times. To assure quality control, spiked samples were 
analysed for each set of samples. Recoveries of spiked 
water and sediment samples were 73%-108% and 72%-
109% respectively. The detection limits for sea water and 
sediment samples were 0.003 ng/mL and 1 ng/g (dry 
weight) respectively for both PCB congeners and DDT 
metabolites. In addition, the errors involved in sampling 
were assessed by carrying out duplicate sampling of water 
and sediment from the same site and analyzing the 
samples. 

 
Results and Discussion 
 
PCB congeners 
In water samples while the lowest total PCB 
concentration was determined as 0.003 ng/mL in January-
2004 at station 4, the highest concentration was 
determined as 0.440 ng/mL in December-2003 at station 
1. PCB concentrations of the water samples varied 
according to months and stations. Results are shown in 
Table 1. Generally highest concentrations were 
determined in the samples taken from Kirazlıyalı, SEKA 
and the conjuction point of Sarıdere and İzmit Bay. The 
water samples taken from İzmit Bay through the year 
were not so clear but especially the samples taken from 
these three stations indicated above were more turbid. 
Vuksanovic et al. (1996) also determined that PCB 
concentrations were higher in the zones that the turbidity 
was maximum. 
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Concentrations of PCBs in surface water depend on rain 
(WHO, 1993) and throughout the course of this study, a 
considerable amount of rainfall was experienced (Turkish 
State Meteorological Service, 2006). Konat and 
Kowalewska (2001) indicated that flood and too much 
rain affect the concentrations in water and carry the 
contaminated soils to water body. Furthermore, Robertson 
and Hansen (2001) determined that the solubility of PCBs 
in water may arise according to humic material or 
dissolved organic carbon content in water. In a related 
study it was found that the organic carbon content of the 
sediments taken from the Bay were extremely high (Tolun 
et al., 2001). The Bay’s ecosystem is highly sensitive to 
increased concentration of organic matter. The most 
affected areas from industrialization; urbanization and 
fertilizer runoff from agricultural activities in the Bay 
ecosystem are located in the eastern part of the Bay 
(Morkoç et al., 2001). Organic matter accumulated on the 
sea bottom re-suspended by the extensive vibration due to 
the earthquake (Morkoç et al., 2007). Last but not least, in 
İzmit Bay -due to strong winds- anoxic bottom waters 
flow up and the suspansion of the contaminated sediment 
layer occurs, so adding these factors to the instability of 
the conditions of the sea water regarding the meteorologic 
changes, the bay is affected adversely and risk factors 
emerge (Okay et al., 2003). 
 
Contamination levels in the sea water samples show 
values, in terms of PCB concentration, similar to those 
found in sea water samples by Telli-Karakoç et al. (2002), 
but in this study some of the concentrations were found to 
be higher. When the 17 August 1999 earthquake occurred, 
great loads of industrial wastes were released into the 
surface waters of the Bay and large quantity of particulate 
organic matter moved to the lower layer and eventually to 
the bottom (Morkoç et al., 2007). And also because of the 
earthquake, the PCB congeners deeper in sediment layers 
might have moved to upper layers and been released to 
the water column or tidal events might have carried the 
contaminated soils to the Bay waters. 
  
It was also mentioned that factors like sediment 
composition, contamination level of the sediments with 
the PCB congeners and incubation temperature affect the 
levels of PCB concentration in water and the releasing 
ratio of these congeners from sediment to water (Sanders 
et al., 1997). 
 
In this study, dominant congeners of the sea water 
samples were PCB 28, 52 and 101. Among the other 
congeners, higher concentrations of PCB 28 with the 
lowest chlorine substitution may be attributed to higher 
solubility of this congener in water comparison with the 
others. This finding is also in accordance with the Fu and 
Wu (2006) results. Robertson and Hansen (2001) 
mentioned that water solubility of PCB congeners 
decreases with the increasing number of the chlorine 
atoms of biphenyl ring. These results clearly point to the 
importance of atmospheric transport of CB28 in the İzmit 
Bay. Indeed this congener is recognised as having high 
mobility capacity (Shaw and Connely, 1984). Also 
Walker (2001) indicated that higher chlorinated PCB 
congeners degrade faster than the lower congeners in 

anaerobic sediments and if it is considered for anoxic 
waters then higher concentrations of lower chlorinated 
congeners in Bay’s water can be explained. 
 
PCB concentrations of sea water samples determined in 
this study were higher than those found in sea water 
samples by Lewis et al. (2001), Falandysz et al. (2002) 
and Nie et al. (2005). Limited ventilation and circulation 
of waters especially in the eastern part affect the PCB 
concentrations and higher concentrations found in this 
study may be attributed to this situation. On the other 
hand, PCB concentrations found in the sea water samples 
from İzmit Bay are actually lower than the results of some 
other studies (Kocan et al., 2001; EC. ELICC., 2004). 
Uptake by the phytoplankters appears to be the dominant 
mechanism of reducing the toxicity in the Bay. The 
second mechanism reducing the toxicity of the waste is 
dispersion by wind-induced current (Okay et al., 1996). 
 
In water, PCBs are adsorbed on sediments and other 
organic matter; experimental and monitoring data have 
shown that PCB concentrations in sediment and 
suspended matter are higher than those associated water 
columns. Strong adsorption on sediment, especially in the 
case of the higher chlorinated PCBs, decreases the rate of 
volatilization. The substantial quantities of PCBs in 
aquatic sediments can therefore act as both an 
environmental sink and a reservoir of PCBs for 
organisms. Most of the environmental load of PCBs has 
been estimated to be in aquatic sediment (WHO, 1993). In 
this study the PCB concentrations were found to be higher 
in sediment samples either. In sediment samples while the 
lowest total PCB concentration was determined as 1.03 
ng/g (dry weight) in January-2004 at station 4, the highest 
concentration was determined as 674 ng/g (dry weight) in 
January-2004 at station 3. Also the PCB concentrations of 
the sediment samples varied according to months and 
stations. Results are shown in Table 1. Generally highest 
concentrations were determined in the samples taken from 
Koruma Tarım, SEKA and Petkim stations. If the total 
PCB concentrations of January-2004 (674 ng/g dw), 
February-2004 (582 ng/g dw) and August-2004 (151 ng/g 
dw) in station 3 are not taken into account, no big 
difference was determined among the stations. In terms of 
individual congener distributions, in sediment samples, 
the congeners which made the largest individual 
contribution to total PCB concentrations were PCB 118, 
138 and 153 at station 3. 
 
It is hard to identify the source-occurence relationship 
because of the many discharge points surrounding the 
coastal line of the Bay. The tidal events cause sediment 
layer movements and sediment particules suspend in the 
water column thus chlorination increases depending on 
the movements from different sources (Tyler and 
Millward, 1996). The reason of established and high 
levels of moderate and higher chlorinated PCBs is low 
volatility, lipophilicity, tendency to adsorption on 
sediment surfaces and resistibility to microbial 
degradation (Shiu and Mackay, 1986; Tyler and 
Millward, 1996). Higher concentrations of moderate and 
higher chlorinated PCBs found in İzmit Bay support that 
finding. But generally, congeners found widespread in all 
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stations were the lower chlorinated congeners like PCB 
28, 52 and 101. This finding is also in accordance with 
Wiegel and Wu (2000) since they indicated that in aquatic 
sediments, PCBs are reductively dechlorinated and 
degraded to lower chlorinated congeners due to microbial 
degradation in anaerobic conditions. Furthermore, the 
anoxicidity of the bottom layers of İzmit bay (Morkoç et 
al., 2007) supports Walker’s (2001) findings that in 
anaerobic sediments higher chlorinated PCB congeners 
degrade faster than the lower ones. 
  
During the last few decades, increased eutrophication 
appears to have affected the Bay’s ecosystem negatively 
and become a serious problem (Morkoç et al., 2001; Okay 
et al., 2001). So, eutrophication could play a role in 
increasing the total PCB burden of the Bay. 
 
The bottom sediments of the İzmit Bay consist of 
predominantly fine grained material with various 
proportions of silt and clay, however, sand–sized material 
contribute in varying degrees (Algan et al., 1999). 
Adsorption of contaminants on particules increases due to 
high organic matter burden and clayey type of sediment 
(Robinson et al. 1982a, b). Higher concentrations found in 
sediment samples can be attributed to high humic material 
content. It was mentioned that PCBs filter through sandy, 
silt and clayey sediments respectively in an increasingly 
harder fashion (WHO, 1993). But sediment samples 
collected from Kirazlıyalı were poorly sorted humic 
material and sand fraction was dominant. Moreover, high 
concentrations of PCBs in sea water samples in 
Kirazlıyalı can be attributed to this sandy structure and 
low adsorbance capacity of PCB congeners to sand 
particules. 
 
The total PCBs concentration observed in the Bay in this 
study were comparable or occasionally higher than 
sediment PCB concentration determined in the study of 
Gedik et al. (2010). This finding indicates that the adverse 
effects of the earthquake is relatively reduced by the time. 
PCB concentrations of sediment samples were found 
higher than Fernandez et al. (1999), Kelderman et al. 
(2000), Miller et al. (2000), Fillmann et al. (2002), Nakata 
et al. (2005). The earthquake on 17 August 1999 have 
caused a vast deterioration of the sediment structure of the 
İzmit Bay and might have caused movement of 
contaminants to upper layers of sediment. But higher 
concentrations were also found in some studies (Metcalfe 
and Metcalfe, 1997; Chevreuil et al., 1998; Lewis et al., 
2001; Fu and Wu, 2006). 
 
Having found PCB 28, 52, 101 and 153 as dominant 
congeners and the other ones at high levels but not 
widespread is in accordance with Konat and Kowalewska 
(2001). The spatial distribution of PCBs in the Bay 
suggest that the sediments close to the former pulp and 
paper industry, chlorine alkaline industry and petroleum 
industry have relatively high PCB levels, indicating 
probable sources. This finding is also in accordance with 
Gedik et al. (2010). 
 
 
 

DDT metabolites 
In water samples while the lowest total DDT 
concentration was determined as 0.003 ng/mL in 
February-2004 at station 2, the highest concentration was 
determined as 3.180 ng/mL in January-2004 at station 5. 
DDT concentrations of the water samples varied 
depending on months and stations. Results are shown in 
Table 2. Generally highest concentrations were 
determined in the samples taken from the conjuction point 
of Sarıdere and İzmit Bay, Koruma Tarım and Petkim. 
Total DDT concentrations of water samples were found to 
be higher than the PCB concentrations. The levels of 
DDT and DDD in sea water samples in some of the 
sampling months were found to be above the limits 
mentioned in the Turkish National Aquaculture 
Regulation. It was mentioned that the maximum residue 
limits for DDT and DDD are 0.6 µg/L ve 3.0 µg/L 
respectively (Turkish National Aquaculture Regulation, 
1995). p,p’-DDT concentrations were measured to be 
above the MRL in January-2004 except the 5th station 
and also p,p’-DDD concentrations of 5th station in 
January-2004 were found to be very close to MRL. 
Concentrations of DDT in surface water depend on the 
soil as well as on the rain. As it was indicated before, an 
excessive amount of rainfall was experienced throughout 
the study. DDT has a strong tendency to adsorb on 
surfaces. Most DDT that enters water is already firmly 
attached to soil particles, and remains attached. It was 
shown very early that, if DDT does find its way into clear 
water, it is gradually lost by adsorption on surfaces 
(WHO, 1979). 
 
Concentrations of İzmit Bay were found to be lower than 
Ayas et al. (1997), Barlas (1999), Barlas (2002) but the 
order of the metabolites from higher to lower 
concentrations was the same as being DDD>DDT>DDE. 
This finding and also the concentrations were in 
accordance with Turgut (2003). 
 
Dominant metabolites were determined as DDD and DDT 
in sea water samples in this study. In anoxic sediments 
DDD concentrations are higher than DDE concentrations 
and also DDT degrades to DDD and DDE in anaerobic 
and aerobic conditions respectively (Robinson et al., 
1982a, b). DDD is a component of technical DDT and 
also DDD was sold as a pesticide called Rhothane and if 
it is considered that p,p’-DDT composing 70 % of 
technical DDT degrades to DDD then it is not a surprise 
to find DDD dominantly (Walker, 2001). 
 
Tuncer et al. (1998), determined that 500 tonnes DDT 
discharge to Black Sea annually and proved illegal use of 
this chemical due to detection of DDT in all water bodies 
researched. In this study the DDE/DDT ratio was found to 
be less than 1, this finding also indicated new discharges 
to the Bay. To identify the real source of contamination is 
very difficult. The contaminations may have been sourced 
from Koruma Tarım (factory producing many chlorinated 
chemicals) or the abondoned depot near Koruma Tarım 
containing tonnes of DDT and the other organochlorine 
pesticides stored under improper conditions (Türkmen, 
2005). There was considerably high amount of rain in 
December-2003, January-February-2004 but it was also 
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indicated that average rainfall in 2003 and 2004 years 
were higher than the overall average (Turkish State 
Meteorological Service, 2006). In these months finding of 
high concentrations of total DDT especially p,p’-DDT can 
be attributed to DDT metabolites leaking from 
contaminated area originating from pesticide dump by the 
rain. Concentrations of sea water samples of İzmit Bay 
were measured to be higher than Fernandez et al. (1999), 
Cataldo et al. (2001), Lewis et al. (2001). The differences 
can be attributed to the differences in geography, climate 
and industrial facilities. 
 
In sediment samples while the lowest total DDT 
concentration was determined as 1.95 ng/g (dry weight) in 
October-2004 at station 1, the highest concentration was 
determined as 7286 ng/g (dry weight) in January-2004 at 
station 3. Also the DDT concentrations of the sediment 
samples varied depending on the time of the year and the 
stations. Generally highest concentrations were 
determined in the samples taken from Koruma Tarım, 
Sarıdere and SEKA. If the total DDT concentrations of 
December-2003 (610 ng/g dw), January-2004 (7286 ng/g 
dw) and February-2004 (4397 ng/g dw) in station 3 are 
not taken into account, no big differences were 
determined between the stations. In terms of individual 
metabolite distributions, in sediment samples, the 
metabolites which made the largest individual 
contribution to total DDT concentrations were p,p’-DDT, 
o,p’-DDT and p,p’-DDD in station 3. All results are 
shown in Table 2. 
 
In practice, the most abundant and widespread residues of 
DDT found in the environment have been p,p’-DDT, p,p’-
DDD, p,p’-DDE (Walker, 2001). DDE metabolites were 
determined in almost all sediment samples in this study. 
However, high amounts of DDD and DDT metabolites 
were found at some point sources. These results highlight 
the known stability and persistence of DDE in the 
environment. 
 
This study about contamination in sediment samples in 
İzmit Bay show values, in terms of DDT metabolites 
concentration, higher than those reported by Bakan and 
Ariman (2004), Nakata et al. (2005), Babu Rajendran et 
al. (2005), Thomas et al. (2005), Wurl and Obbard (2005). 
High concentrations of DDT metabolites at Koruma 
Tarım compared to the other stations in sediments 
collected in the rainy season are also likely to reflect the 
increased transportation of these contaminants from the 
depot containing chlorine pesticides near the Koruma 
Tarım by surface runoff. 
  
Concentrations determined in this study were found to be 
lower than Barlas (1999) and also the congener pattern 
was different. This difference can be attributed to the 
depot near the third station since generally p,p’-DDE was 
dominant but high concentrations of  DDD and DDT 
metabolites at third station could be sourced from new 
inputs of Koruma Tarım producing Dicofol containing 
interferences like p,p’-DDT, p,p’-DDD and p,p’-DDE. 
This finding is also in accordance with Fernandez et al. 
(1999). The concentrations found in this study are in 
accordance with Ayas et al. (1997), Barlas (2002), Fung 

et al. (2005) and except high concentrations found at 
Koruma Tarım also with Fillmann et al. (2002). 
 
Sediments containing various inorganic compounds and 
organic compounds, biota, bacteria, dissolved cations and 
anions have a very complex structure and additionally the 
oxygen content of the sediments also make it hard to 
evaluate the results. It was mentioned before that in 
oxidative aerobic conditions DDT degrades to DDE and 
under reductive conditions DDD formation occurs 
(Robinson et al., 1982a, b). Higher concentrations found 
at Koruma Tarım in winter may have been caused by 
small earthquakes induced movements of contaminants to 
upper layers. Furthermore clayey and humic material rich 
sediment layer may have played a significant role since it 
was mentioned that it is harder for organic contaminants 
to move to the lower layers in the clayey sediment than in 
the sandy sediment (EC. ELICC., 2004), so little 
movements of sediment layer can cause contamination of 
the surface sediments. 
  
Considering these observations, further investigations on 
the monitoring of PCB and DDT pollution are needed to 
assess the risks of wildlife and human health in İzmit Bay. 
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Table 1. The concentrations of PCBs and DDTs in water (ng/ml) from İzmit Bay in Turkey (2003-2004) 
 
Compounds Kirazlıyalı 

1. station 
Petkim 
2. station 

Koruma Tarım 
3. station 

SEKA 
4. station 

Sarıdere 
5. station 

PCB28 n.d.a-0.0165 n.d.-0.0115 n.d.-0.0190 n.d.-0.0245 n.d.-0.0120 
PCB52 n.d.-0.1250 n.d.-0.1100 n.d.-0.0770 n.d.-0.1800 n.d.-0.1150 
PCB101 n.d.-0.3150 n.d.-0.0250 n.d.-0.0170 n.d.-0.0230 n.d.-0.0550 
PCB118 n.d.-0.0045 n.d.-0.0030 n.d. n.d.-0.0120 n.d.-0.0100 
PCB138 n.d. n.d. n.d. n.d. n.d.-0.0045 
PCB153 n.d.-0.0075 n.d.-0.0045 n.d.-0.0035 n.d.-0.0035 n.d.-0.0045 
PCB180 n.d. n.d. n.d. n.d. n.d. 
o,o’-DDE n.d. n.d. n.d.-0.0205 n.d.-0.0120 n.d. 
o,p’-DDE n.d.-0.0035 n.d.-0.0170 n.d.-0.0300 n.d.-0.0465 n.d.-0.0300 
p,p’-DDE n.d.-0.0045 n.d. n.d.-0.0130 n.d.-0.0040 n.d.-0.0320 
o,p’-DDD n.d. n.d. n.d.-0.0085 n.d. n.d.-0.0065 
p,p’-DDD n.d. n.d. n.d.-0.2045 n.d.-0.0030 n.d.-2.8750 
o,p’-DDT n.d.-0.0035 n.d. n.d.-0.0355 n.d. n.d. 
p,p’-DDT n.d.-0.7800 n.d.-0.7750 n.d.-1.2550 n.d.-0.7100 n.d.-0.3050 
ΣPCBs n.d.-0.440 n.d.-0.114 n.d.-0.094 n.d.-0.203 n.d.-0.170 
ΣDDTs n.d.-0.788 n.d.-0.775 n.d.-1.255 n.d.-0.710 n.d.-3.180 
anot detected 
 
 
Table 2. The concentrations of PCBs and DDTs (ng/g dry weight) in sediments from İzmit Bay in Turkey (2003-2004) 
 
Compounds Kirazlıyalı 

 
1. station 

Petkim 
 
2. station 

Koruma Tarım 
3. station 

SEKA 
 
4. station 

Sarıdere 
 
5. station 

PCB28 n.d.a-18.80 n.d.-4.86 n.d.-58.29 n.d.-2.66 n.d.-8.06 
PCB52 n.d.-14.76 n.d.-28.10 n.d.-75.09 n.d.-48.43 n.d.-15.81 
PCB101 n.d.-4.75 n.d.-3.05 n.d.-2.67 n.d.-12.10 n.d.-6.12 
PCB118 n.d.-2.37 n.d.-2.84 n.d.-298.88 n.d. n.d.-6.51 
PCB138 n.d. n.d. n.d.-592.61 n.d.-1.81 n.d. 
PCB153 n.d.-14.30 n.d.-25.43 n.d.-275.78 n.d.-18.80 n.d.-5.33 
PCB180 n.d. n.d. n.d. n.d.-3.34 n.d.-1.27 
o,o’-DDE n.d.-107.12 n.d.-9.74 n.d.-16.54 n.d.-58.77 n.d.-17.88 
o,p’-DDE n.d.-13.93 n.d.-1.69 n.d.-122.63 n.d.-13.23 n.d.-4.91 
p,p’-DDE n.d.-13.62 n.d.-63.33 n.d.-550.33 n.d.-42.65 n.d.-4.32 
o,p’-DDD n.d.-1.95 n.d.-6.43 n.d.-827.63 n.d.-35.62 n.d.-9.16 
p,p’-DDD n.d.-6.38 n.d.-7.52 n.d.-1702.49 n.d.-9.54 n.d.-391.74 
o,p’-DDT n.d.-5.05 n.d.-3.79 n.d.-2254.72 n.d.-7.28 n.d.-5.62 
p,p’-DDT n.d.-19.96 n.d.-16.00 n.d.-1819.27 n.d.-20.79 n.d.-21.28 
ΣPCBs n.d.-26.86 n.d.-46.48 n.d.-674.18 n.d.-61.91 n.d.-29.61 
ΣDDTs n.d.-107.12 n.d.-78.61 n.d.-7285.72 n.d.-138.82 n.d.-402.25 
anot detected 
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