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ANAEROBIC BTEX DEGRADING MICROORGANISM ABUNDANCES IN
MARMARA SEA SEDIMENTS

SUMMARY

Microbial degradation is the only sustainable component of natural attenuation in
contaminated marine  environments which are still poorly understood. The
monitoring of microbial capacities and their distribution at contaminated sites forms
a basis for assessing natural attenuation. Although Marmara Sea has been extremely
polluted with hydrocarbons, the level of benzene, toluene, ethylbenzene, and the
isomers of xylene (BTEX) in this environment has not been determined yet. BTEX
are priority environmental pollutants and can be removed by means of
bioremediation as long as BTEX degrading microorganisms are abundant in the
polluted environment. Benzylsuccinate synthase (BssA) is the key enzyme of
anaerobic toluene and xylene oxidation and has repeatedly been proven to be a
valuable functional marker gene for unknown anaerobic toluene and xylene
degraders . BssA gene , codes for the R-subunit of benzylsuccinate synthase, can be
targeted to quantify BTEX degraders in environmental samples. Quantitative real-
time PCR (Q-PCR) have been widely used for the quantification of gene abundances.
Q-PCR analysis was chosen for this study because it offers many advantages over
traditional methods used to quantify AnBTEXDeg in environmental samples.We
used the Q-PCR primers targeting the widest range of physiological and
phylogenetical group of microorganisms carrying the bssA gene to monitor
abundance of BTEX degraders in sediments from the most polluted regions of the
Marmara Sea (10 different locations). The bssA gene abundance changed in a range
of 2.4x10% - 7x10" during the 2 years monitoring period. The bssA was abundant
where total petroleum hydrocarbon (TPH) levels are high, and BTEX % in TPH was
negatively correlated to the relative abundance of the bssA in the total microbial
community (3-40 %). The bssA gene abundance and activity were strongly related to
the N/P ratios and the N-P levels. The results showed that the abundance of bssA
gene was a good representetive to quantify the AnBTEXDeg. Overall results
revealed that the Marmara Sea Sediments seems to be a promising candidate for
further investigation of microbial BTEX degradation under anaerobic/anoxic
conditions.
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MARMARA DENIiZi SEDIMENTLERINDE ANAEROBIK BTEX
AYRISTIRMASI YAPAN MiKROORGANIZMALARIN BULUNMASI

OZET

Mikrobiyal degredasyon, kontamine olmus deniz sedimentlerinde dogal
ateniiasyonunun tek strdirilebilir bilesenidir ve halen tam anlamiyla
aciklanamamustir. Mikrobial kapasitelerin ve kontamine olmus bolgelere dagiliminin
gozlemlenmesi dogal atenuasyonun degerlendirlmesinin temelini olusturur..
Marmara Denizi ¢ok yiiksek hidrokarbon kirliligi sahip olmasina ragmen , bu
bolgedeki benzen, toluen , etilbenzen ve ksilen ( BTEX ) seviyeleri heniiz
belirlenmemistir. BTEXler oncelikli ¢evre Kirleticileridir ve BTEX degrede eden
organizmalarin ¢evrede bulunmasiyla bioislah edilebilir. Benzilsiiksinat sentaz
(bssA) enzimi anaerobik toluen ve ksilen degradasyonunun anahtar enzimidir ayrica
Toluen ve ksilen degradasyonu i¢in fonksiyonel bir indikator olarak kullanildigi pek
cok kez ispatlanmaistir.

Benzilsiiksinat sentazt kodlayan BssA geni, cevresel oOrneklerde BTEX
ayristiricilarmin - sayimi  i¢in - hedeflenebilir. Gergek zamanli polimeraz zincir
reaksiyonu (Q-PCR ) genlerin bulunma ¢oklugunu belirlemek i¢in ¢ok kullanilan bir
yontemdir. Q-PCR, bu ¢alismada geleneksel methodlara gore bir¢ok avantaj
sagladig1 i¢in sec¢ilmistir. Marmara Denizi’nin en kirli 10 bolgesinden alinan
sediment O6rneklerinde, en genis fizyolojik ve filogenetik mikroorganizma gruplarini
hedeflemek igin 6zel olarak dizayn edilen Q-PCR primerleri kullanarak analiz
yapildi. 2 yillik gézlemlerin sonucunda, Marmara Denizi’nde BssA gen c¢oklugu
2.4x10% - 7x10* olarak bulundu. BssA geninin toplam petrol hidrokarbonlarmimn
(TPH) ¢ok oldugu bdlgelerde daha fazla ve toplam mikrobiyal kominitedeki bssA
gen ¢oklugu ile TPH igindeki BTEX yiizdesi ters orantili oldugu belirlendi (%3-40).
Yapilan korelasyon analizlerine gore bssA gen ¢oklugu ve aktivitesi azot fosfor orani
ve seviyesiyle yakindan ilgili ¢ikmistir. Sonuglarimiz anaerobik/ anoksik kosullarda
mikrobiyal BTEX degradasyonun ileri incelemeleri icin Marmara Denizi’nin timit
verici bir aday oldugunu gdstermistir.
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1.INTRODUCTION

The ‘deep-sea floor’ is defined as that portion of the ocean bottom overlain by at
least 1000 m of water column. The deep-sea floor is a vast region covering roughly
300 - 106 km2, or approximately 60% of the Earth’s solid surface.(Glover and
Smiths 2003).

The deep subseafloor biosphere is among the least-understood habitats on Earth
regarding the organisms, their physiologies and their influence on surface
environments (Inagaki, 2006). This is mainly due to the difficulties involved in
enriching and isolating the representative deepsediment microorganisms (Toffin.,
2004) and previous studies based on cultivation methods could not reveal the

appropriate sedimentary microbial diversity.

However, marine subsurface sediment constitutes one of the largest and most
widespread reservoirs of biomass on Earth, subsurface prokaryotic activities have
profound effects on global biogeochemical cycles ,particularly on global carbon
cycling (Webster, 2004). Most deep-sea floor habitats have several characteristics
that distinguish them from other of Earth’s ecosystems and that influence their
susceptibility to environmental change and human impacts. Perhaps the most
important characteristic is low productivity. Except for hydrothermal vents and some
cold seeps, the energy for the deep-sea biota is ultimately derived from an attenuated
‘rain’ of detritus from remote surface waters. Detrital food particles range from the
fresh remains of phytoplankton (or ‘phytodetritus’) to the carcasses of whales.
(Glover and Smiths 2003). In general, the deep-sea floor is also characterized by very
low physical energy, including sluggish currents (_0.25 knots), very slow sediment
accumulation rates (0.1-10 cm per thousand years), and an absence of sunlight (Gage
& Tyler 1991; Smith & Demopoulos 2003).

Cultivation of organisms from this deep marine biosphere is difficult (Parkes ;1994),
but it has been the focus of several molecular microbial ecology studies to investigate

prokaryotic diversity.



Molecular based, culture independent techniques such as polymerase chain reaction
(PCR), fluorescence in-situ hybridization (FISH), denaturing gradient gel
electrophoresis (DGGE), and 16S rDNA sequencing for investigating the prokaryotic
diversity have given a more realistic picture of the community structure in marine
sediments and have been successfully employed to overcome the difficulties
associated with culture dependent methods (Lysnes, 2004; Webster, 2004).

The Marmara Sea is a small (size = 70 x 250 km) intercontinental basin connecting
and acting as the only route between Black Sea and Mediterranean Sea. The
population of Marmara region reaches to 25 million and therefore there is large
number of domestic wastewater discharge to the Marmara Sea from different points.
Anthropogenic activities in the coastal area of the north Marmara Sea include, urban
effluent, summer resorts (untreated effluent discharged into the sea), agricultural run
off, sunflower oil factories, a big cement factory, fishing and shipping (Oztiirk,
2000).

Marmara Sea has been extremely polluted with hydrocarbons (Kolukirik, 2009). The
most polluted regions are Kucukcekmece Coast (KUC), Moda Coast (MOD), Halic
Bay (HAL), Tuzla Bay (TUZ), Gemlik Bay (GEM) and Izmit Bay (1Z) (Sur, 2003).
Subseafloor microbial and chemical diversities of these regions have just been
explored (Kolukirik, 2009). Marmara Sea seems to be a perfect candidate for
investigation of ecologically important microbial processes; since phylogenetically
diverse communities exists within a very short distance from the sediment surfaces
and chemical compositions of the sediments are unusual. The considerable amount of
obtained phylotypes from the Marmara Sea Sediments (MSS) belongs to previously
unknown an uncultivated groups; physiological properties of the MSS organisms

remained largely unknown.

This study is one of the legs of a broad range project supported by TUBITAK,
aiming to determine the microbial composition and anaerobic petroleum degradation
potensial of anoxic marine sediments from the most polluted areas of the Marmara

Sea, which are Tuzla, Moda, Gemlik, Izmit , Hali¢ and Kiiciikcekmece.

Benzene, toluene, ethylbenzene, and the isomers of xylene (BTEX), especially, are
classified as priority environmental pollutants by the EPA (USEPA, 1986). This
classification is based on their substantial toxicity and on the carcinogenic potential

of the benzene component (Dean, 1985). High solubility in water relative to other



petroleum hydrocarbons cause BTEX compounds to be easily transported with the
groundwater (Cozzarelli, 1990).

In the scope of the mentioned project, the presence of microbial communities with
the potential to carry out anaerobic degradation of BTEX and presence of biomarkers
for in situ hydrocarbon degradation in anoxic marine sediments will be investigated
to determine the distribution of anaerobic hydrocarbon degradation potential in the
Marmara Sea, an important and heavily industrialized marine environment. In this
project monoaromatic hydrocarbons which are specified as BTEX have been
investigated.rRNA-based approaches can be wused for metabolic function
investigations as long as the target function is carried by a certain phylogenetic group
of organisms such as methanogens. If the function is mediated by a diverse
polyphyletic group of organisms, such as anaerobic BTEX degradation, rRNA-based
approaches are of limited value. Instead, genes that encode key enzymes of important
metabolic processes can be targeted (Smit, 2007).

DNA may persist in intact but inactive cells as well as in the environment as
extracellular material after cell death (Naviaux, 2005). In contrast to genomic DNA,
ribosomes are being continuously turned over in cells and rRNA concentration is
correlated to the growth rate (Kerkhof and Kemp, 1999). Thus, by analyzing
genomic DNA rather than rRNA and mRNA in sediment samples, it is possible to
count all the microorganisms even only one representative of the microbial group

exist in the sediment.

Quantitative real-time PCR (Q-PCR) have been widely used for the quantification of
gene abundances in environmental samples (Winderl ; 2008, Higashioka . 2009).
There were a few studies that quantify functional gene transcripts in marine
sediments (Smith, 2007, Chin, 2008). These studies targeted specific processes such
as denitrification or DSR. Recently Kolukirik studied, for the first time, abundances
and activities of organisms responsible for N cycling, AnHD, DSR and MG were

assessed all together in marine sediments.

Natural attenuation (NA) is a bioremediation strategy based on natural processes. NA
is of great interest for cost effective treatment of the chronic hydrocarbon pollution in
the MSS. Aerobic respiration is much faster than anaerobic microbial processes for
hydrocarbon degradation. Because the MSS were anoxic and oxygen mass transfer to

the sediments is inappropriate, a bioremediation strategy based on aerobic respiration



is not feasible. Under such conditions anaerobic hydrocarbon degradation can be the
alternative as long as oil-degrading microorganisms are abundant and active in the
MSS. Monitoring techniques targeting catabolic genes essential to BTEX
degradation which is bssA (Winderl, 2008) were established. The designed Q-PCR
primers were able to amplify bssA of certain microbial groups such as sulfate
reducing bacteria (SRB) (Beller, 2008), denitrifying bacteria (DB) (Beller ,2002) and
a methanogenic consortium (Washer and Edwards 2007), or targeted certain clusters
of previously identified bssA (Winderl ,2008)

1.1 Purpose of the Thesis

In this study, generic Q-PCR primers which has been designed to monitor
abundance and activity of aromatic hydrocarbon degraders in the MSS was used for
the first time. (Kolukirik, 2009.) .Advances in monitoringin situ BTEX
biodegradation have been driven by dramatic improvements in understanding of the
biochemistry and genetics underlying anaerobic alkylbenzene metabolism ( Heider,
1998, Spormann, 2000) as well as advances in mass spectrometric and molecular
techniques over the past 10 to 15 years. Some of these monitoring methods have
focused on metabolites (benzylsuccinates) or genes (bssA) associated with
benzylsuccinate synthase (BSS), an enzyme that catalyzes the first step of anaerobic
toluene and xylene degradation ( Heider ,1998,). Advantages of the BSS reaction
with regard to in situ monitoring include the unique and diagnostic nature of its
cognate metabolite (Beller , 2000;) as well as its relevance to physiologically and
phylogenetically diverse bacteria. The presence of bss has been observed in cultures
that degrade toluene under a wide range of environmentally relevant electron-
accepting conditions, including denitrifying, sulfate-reducing, ferric iron-reducing,
and methanogenic conditions ( Heider,1998; Spormann, 2000; Kane, 2002, Edwards
, 2000). BSS has also been shown to catalyze the first step in anaerobic xylene
degradation (Krieger, 1999, Achong, 2001), and a homologous enzyme apparently
catalyzes ethylbenzene degradation under sulfate-reducing conditions (Kniemeyer,
2003). To date, no enzyme other than BSS has been described that catalyzes the first

step of anaerobic toluene or xylene degradation.

Microbial degradation is the only sustainable component of natural attenuation in

contaminated groundwater environments, yet its controls, especially in anaerobic
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aquifers, are still poorly understood. We conducted quantitative PCR of
benzylsuccinate synthase genes (bssA) which is the key enzyme of anaerobic toluene
degradation to quantify the distribution of specific anaerobic BTEX degraders.






2. POLLUTION OF THE MARMARA SEA
2.1.Characteristics of the Marmara Sea

The Sea of Marmara is a small (size 70 x 250 km) intercontinental basin connecting
the Black Sea and the Mediterranean Sea. The oceanographic features (chemical,
biological) of the basin are influenced by the Black Sea and the Aegean Sea via the
Bosphorus Strait and the Dardanelles, respectively. Marmara Sea has an area of
about 11,110km2 and a volume of 3380km3, and consists of a complex morphology,
which is mainly controlled by the active tectonic regime of the North Anatolian Fault
Zone (NAFZ). The present oceanography of the Marmara Sea is controlled by a
permanent two layer water stratification with a halocline at a depth of 20-25 m. Less
saline Black Sea water (18%) flows as the upper layer from the Istanbul Strait to
Canakkale Strait, whereas saline Mediterranean waters (38%) flows as the lower
layer in the opposite direction (Miller, 1983; Unlu , 1990).

The Marmara Sea is now the recipient of a large number of wastewater discharges
from landbased sources. The basin receives a total of 1.9 x 106 tons of TOC (total
organic carbon) and 2.7 x 105 tons of TN (total nitrogen) per year from the Black
Sea inflow. Pollution loading from Istanbul alone, the biggest city of Turkey in
population and industry, makes up the major portion (40-65%) of the total
anthropogenic discharges (Tugrul and Polat, 1995).

Anthropogenic activities in the coastal area of the North Marmara Sea include, urban
effluent, summer resorts (untreated effluent discharged into the sea), agricultural run
off, sunflower oil factories, a big cement factory, fishing and shipping (Ozturk,
2000). In addition tanker traffic of several thousand oil carrying vessels per day, via

the Bosphorus Strait are a constant threat to the marine ecosystem.

The benthic environment is a fundamental compartment of any aquatic ecosystem.
Bottom sediments are the final sink for many anthropogenic contaminants and they
can accumulate great amounts of organic matter affecting the oxygen content of the
bottom water (Venturini, 2004)



2.1.1. Pollution Sources of Marmara Sea
The Marmara Sea is now a critically polluted water body and the recipient of a large

number of wastewater discharges from landbased sources located along the coastal
line, including the Istanbul metropolitan area (Orhon, 1995; Albayrak., 2006) and
subject to several other anthropogenic activities that primarily cause severe
hydrocarbon and heavy metal pollution.

The pollution of Marmara Sea is based on sewages, industries and vessels. Sewage
pollution is most important of them. The Marmara Sea turned into an open sewage,
because there is not a purification system for sewages. Industrial pollution is mostly
based on government-run factories (Algan , 2004). The water quality measurements
indicate severe signs of present and future eutrophication problems (Orhon, 1995).
There is dying species in the Marmara Sea over 50, such as monk seals, sturgeons,
shrimps and crabs (Turkish Marine Research Foundation, 2004).

The contaminants are introduced through water ways by a surface current from Black
Sea and a deep current from the Mediterranean, respectively (Unlii, 2006).The
Bosphorus, a strongly stratified natural channel between the Marmara Sea and Black
Sea, with significant mixing at the entrance to the Marmara Sea is also a major
polluter for the Marmara basin, since it carries the highly polluted waters of the
Black Sea (Orhon, 1995).

The Marmara Sea receives via the natural exchange from the Black Sea roughly 15
times more organic matter than what is contained in the sewage discharges from
Istanbul (Orhon, 1995). The basin receives a total of 1.9 x 106 tons of TOC (total
organic carbon) and 2.7 x 105 tons of TN (total nitrogen) per year from the Black
Sea inflow (Albayrak., 2006). Nutrient input from the Black Sea, however, is much
more significant then coastal wastewater discharges according to the experimental

evidence on the basis of extensive observations (Orhon, 1995).

Furthermore, aside from coastal areas, the main pollution problem in the Marmara
Sea is the nutrient accumulation which can not be remedied (Orhon, 1995). The
Marmara Sea, being an internal water body with close interactions with the Black
Sea and the Mediterranean, is permanently and strongly stratified with totally
different characteristics between the euphotic layer in the upper 30 m and the lower

layer showing typical properties of the Mediterranean. The primary productivity in



the upper layer can also be considered as a significant index of pollution in the
Marmara Sea (Orhon, 1995).

Increasing industrial and domestic activities in the Marmara Region mainly influence
the coastal and shelf areas of the Marmara Sea (Algan, 2004). Meanwhile rapid
urbanization on the coastal zone of the Marmara Sea has attracted congested
population influx since the 1970’s (Unlii, 2006). Pollution loading from Istanbul
alone, the biggest city of Turkey in population and industry, makes up the major
portion (40-65%) of the total anthropogenic discharges (Polat and Tugrul, 1995).
Anthropogenic activities in the coastal area of the North Marmara Sea include, urban
effluent, summer resorts (untreated effluent discharged into the sea), agricultural run
off, sunflower oil factories, a big cement factory, fishing and shipping (Oztiirk,
2000).

Another important contaminant of Marmara Sea is petroleum hydrocarbons. Mainly
oil pollution of Bosphorus occurred due to currents from the Black Sea. It has been
estimated that 410.000 t of oil products are discharged into Black Sea each year. The
estimated inflow from the Black Sea was calculated as total of 1.9x10° tons of TOC
(total organic carbon) and 2.7x10° tons of TN (total nitrogen) per year. Addition to
oil pollution caused by inflow from Black Sea, heavy sea traffic and various
refineries and facilities located around Marmara Sea increases the oil pollution
dramatically (Fashchuk , 1991, Tugrul and Polat, 1995). The oil concentration
increased with years gradually as the sea traffic increases with years. The oil
concentration at Bosphorus increased from 9.5 pg/L to 33.5 ug/L from 1995 to1996.
The Dardanelles showed a higher increase in concentration from 5.25 ug/L to 42.5
ug/L in the same period. The concentration of the Marmara Sea increased from 36.9

pg/L to 103.7 pg/L at the same time (Guven , 1998).

In addition, tanker traffic of several thousand oil carrying vessels per day, via the
Bosphorus Strait is a constant threat to the marine ecosystem (Albayrak., 2006).
There is a heavy traffic of shipping approximately 60 000 vessels per year involving
tankers 10%. Tankers from oil exporting countries surrounding the Black Sea have
only one exit to the Mediterranean Sea: via the Bosphorus Strait, the Sea of Marmara
and the Dardanelle Strait. The Bosphorus and the Dardanelle’s are typical narrow
water channels and navigation route through the Sea of Marmara. This route

therefore increases the risk of collisions and running aground (Tan and Otay, 1999).



Many accidents of merchant ships and tankers occurred in the strait. Nine tanker
accidents, which resulted in almost 193 tons oil spill, occurred in Bosphorus and Sea
of Marmara between 1964-2002 (Giiven, 2004). The major accidents happened by
large tankers Independenta in 1979 and Nassia in 1994. In the Independenta accident
at the exit of the Bosphorus to the Sea of Marmara in 1979, 95 000 tons of crude oil
was spilt and burnt (Etkin, 1997).

In the Nassia accident at the northern exit of the Bosphorus to the Black Sea in 1994,
13 500 tons of crude oil were spilt (Oguziilgen, 1995). M/V GOTIA sank into
Bosphorus and 25 tons fuel oil was spilt and pollution spread out into a large area by
winds (Giiven , 2004). Bilge water discharge is also a major problem for the Straits
of Istanbul and Canakkale, and the Sea of Marmara. Increase in petroleum
hydrocarbon levels mainly from oil spills, sewage outfalls and ship bilge water, has
been observed in the Sea of Marmara (Giiven , 1997).

The levels of pollution, particularly the heavy metals, have increased dramatically
due to large inputs from the Black Sea (Kut , 2000). At the same time, the Marmara
Sea has been subject to very high levels of pollution due to industrial and municipal
waste disposal. Recent study of Sayhan Topguoglu and friends (Topguoglu, 2004) on
heavy metal levels in biota and sediments in the northern coast of the Marmara Sea
revealed that the levels of Zn, Fe, Mn, Pb and Cu in the macroalgae are higher than
previous studies in the Marmara Sea, however, studied sediments from the relevant
sampling points showed lower heavy metal levels than other areas in the Marmara

Sea.

Metal contents (Al, Fe, Mn, Cu, Pb, Zn, Ni, Cr, Co and Hg) of the surface sediments
from the shelf areas of the Marmara Sea generally do not indicate shelf-wide
pollution. The variability of the metal contents of the shelf sediments is mainly
governed by the geochemical differences in the northern and southern hinterlands.
Northern shelf sediments contain lower values compared to those of the southern
shelf, where higher Ni, Cr, Pb, Cu and Zn are derived from the rock formations and
mineralized zones. However, besides from the natural high background in the
southern shelf, some anthropogenic influences are evident from EF values of Pb, Zn
and Cu, and also from their high mobility in the semiisolated bay sediments (Algan ,
2004). Anthropogenic influences are found to be limited at the confluence of Istanbul

Strait in the northern shelf. However, Algan (2004) found that suspended sediments

10



along the shallow parts of the northern shelf were enriched in Pb and Hg and to a
lesser degree in Zn, reflecting anthropogenic inputs from Istanbul Metropolitan and

possibly from the Black Sea via the Istanbul Strait.

Industrial activities, municipal wastewater, agricultural chemicals, oil pollution and
airborne particles have been the main reasons for the pollution that has affected
primarily the estuaries and bays of the Marmara Sea and has ultimately spread along
the shoreline and continental shelf that constitutes 50% of its total area (Unlii , 2006)
Anthropic pollution trapped in bays, in particular, has created significant ecological
damage resulting in the decrease or extinction of marine species (Unlii , 2006). The
northern shelf of the Marmara Sea is more subjected to increasing human
interferences in the form of industrial (metal, food, chemistry, and textile) waste
disposal, fisheries, dredging, recreation and dock activities, than to the southern
shelf. It receives pollution not only from various local land-based sources, but also
from the heavily populated and industrialized Istanbul Metropolitan and from

maritime transportation (Algan , 2004).

Because Marmara Region is an important coastal settlement in Turkey with rapidly
increasing population and industrial activities, the Sea of Marmara and the Turkish
Straits are subject to intensive navigation activity. With the recent increases in sea
traffic, these waterways have become a prime site for oil spill pollution
(Kazezyilmaz , 1998).

2.2. The Most Polluted Areas of Marmara Sea

2.2.1. izmit Bay

Izmit Bay, the most important semi-enclosed body of water on the east side of the
Sea of Marmara, about 50 km in length, 2-10 km in width and 310 km2 in surface
area (Fig.2.1). It consists of three district regions (western, central and eastern)

connected through narrow

openings. The Bay is stratified throughout the year (Morkoc, 1996) having a lower
layer swept by highly saline (37-38.5 ppt) water from the Mediterranean and a
brakish (2022 ppt) upper layer originating from the Black Sea.
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The commissioning of more than 140 large industrial plants since 1965 and, in
particular, the consequent urbanisation of the coastal landscape have completely
destroyed the previous serenity of Izmit Bay.

Initially all solid and liquid wastes were discharged directly into the Bay. Though
major industrial effluents are now treated, there has yet to be treatment of domestic
waste (Okay , 1996). The renewal capacity and water Exchange within Izmit Bay is
insufficient for compensation and equilibration (Morkoc, 1996, 2000).
Eutrophication and deterioration of water quality have become serious problems

(Morkoc, 2000; Okay accepted for publication).

Toxicity studies of the dominant wastes have led most factories contributing to the
wastes to construct biological treatment plants during the past 10 years. (Okay.,
1996)Nevertheless, the treatments are still insufficient to eliminate toxicity (Okay .,
1998). Sediments frequently contain higher concentrations of pollutants than are
found in the water column and it is realised that, especially in turbulent waters,
adsorption of pollutants by sediments scrubs the water column so that it appears
relatively uncontaminated (Bauloubassi and Saliot, 1991), whereas the sediment may
become sufficiently polluted to disrupt natural biological communities (Adams
1992). Sediment bioassays that measure the toxic effects of contaminated sediments
on the test organisms have been recently developed and a large variety of bioassays
is becoming available. They provide information on the toxicity of contaminated
sediments that can be neither derived from chemical analysis nor from ecological

surveys (Chapman and Long, 1983; Long and Chapman, 1985).

[zmit Bay, located south of Istanbul on the southeast of the Marmara Sea, is the
centre of burgeoning industrial development accompanied naturally by a rapid
growth of population. The consequent, continuing danger of pollution has been
minimised by ongoing monitoring and subsequent mitigation of the ecotoxicology of
the bay, contributing to the wastes to construct biological treatment plants during the

past 10 years.

Nevertheless, the treatments are still insufficient to eliminate toxicity (Okay, 1998).
Sediments frequently contain higher concentrations of pollutants than are found in
the water column and it is realised that, especially in turbulent waters, adsorption of
pollutants by sediments scrubs the water column so that it appears relatively

uncontaminated (Bauloubassi and Saliot, 1991), whereas the sediment may become

12



sufficiently polluted to disrupt natural biological communities (Adam., 1992).
Sediment bioassays that measure the toxic

effects of contaminated sediments on the test organisms have been recently
developed and a large variety of bioassays is becoming available. They provide
information on the toxicity of contaminated sediments that can be neither derived
from chemical analysis nor from ecological surveys (Chapman and Long, 1983;
Long and Chapman, 1985).

Testing procedures have included numerous techniques such as static tests, flow-
through tests and elutriate tests (Burton and Scott, 1992; Schuytema, 1996; Mac,
1990; Malueg , 1984).

Figure 2.1: The location of the Izmit Bay

2.2.2. Kiiciikcekmece

Kiiciikcekmece Lagoon, located in the European part of Istanbul in Turkey, has
typical spoon shaped topography (Figure 2.2). The surface area of the lake is
approximately 17 km2, and the water volume is 145 million m3 at sea level.
Untreated wastewaters, both domestic and industrial (metal, textile, plastic etc.), are
routinely being discharged into the creeks of Kucukcekmece Lagoon (B. Ustun, N.
Ince,2005)
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MARMARA SEA

Figure2.2: Topografical shape of Kiigiikcekmece Lagoon
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Figure 2.3: The location of Kiigiikgekmece

Three stream systems feed the lake: Nakkasdere, Sazlidere and Ispartakule (Demirci,
2001). The Sazhidere stream output into the lake is much less due to the damming of
this stream in 1995, which formed Sazlidere Lake. The construction of a dam on this
stream caused Kucukcekmece Lake to lose almost half of its watershed area. The
lack of fresh water which was coming from the Sazlidere stream did not affect

Kucukcekmece’s water level due to its connection with the Marmara Sea. However,
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its salinity has increased dramatically. Since the discharge of Nakkasdere stream was
stopped and diverted offshore to the Marmara Sea by a new pipeline system in 2005,
the lake has been fed by the Ispartakule stream from the northwest, surface runoff

from the surrounding areas and by the sea water from the south (BSKD,2005a).

The degradation of a reservoir happened in the case of Kucukcemece reservoir in
Istanbul, Turkey ( Figure 2.3.). Kucukcemece reservoir was originally an estuary of
the Marmara Sea. It was a clean natural habitat before the 1980’s (Demirci, 2001).
In the 1980s, Istanbul started to have a tremendous growth spurt. The development
quickly transformed this previously sparsely populated semi-rural/exurban area of
Kucukcemece to an urbanized one. There were no regulations governing the

protection of the watershed.

All types of development were allowed to build in this sensitive area. Industries
directly dumped into streams their waste. High density residential development
occurred on the edges of the reservoir. Raw sewage from these developments was
allowed to be put into the streams and directly into the lake. The result was two fold:
first, the greater Istanbul area lost a valuable reservoir; and second, the watershed
continued to be degraded by unregulated development so that it became an

ecological disaster.

2.2.3 Tuzla
Tuzla is located on the Asian side, 60 km east of Istanbul, on the Sea of Marmara

coast. Along the coast of Tuzla, there are agricultural lands and industrial plants

(iron—steel plants, LPG plants, oil transfer docks, and cargo ship’s ballasts water).

Tuzla has undergone heavy environmental stress due to expansion of the Istanbul
Metropolitan City in terms of industrial and human settlement through this area over
the past 25 years. Many buildings were built on the marshy rim of the Tuzla despite
heavy criticism from environmentalists. Due to heavy industrial and agricultural
activities in the region, the bay has the polluted coastal waters of Turkey. Therefore,
mainly untreated agricultural municipal and industrial wastes affect the lagoon direct

or indirectly.

Moreover, on February 13th, 1997, a tanker named TPAO exploded in Tuzla
shipyards located on the northeastern coast of the Sea of Marmara. During the fire,

an estimated amount of 215 tons of oil was spilled in to the Aydilik Bay and 250
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ton oil burnt (Kazezyilmaz, 1998; Unlii, 2000). The oil pollution was investigated
and the pollution level was determined in seawater, sediments and mussels in Tuzla
Bay after the TPAO tanker accident. The highest pollution was found as 33.2 mg/L

in seawater and 423.0 pg/g in sediment on the first day after the accident (Unlii,

2000).
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Figure 2.4: The location of Tuzla

2.2.4 Moda

Moda is located within the the Kadikdy district in Istanbul, Turkey on the
Northerncoast of Marmara Sea. Moda is at the junction of Kurbagalidere which used

to be anhistorical old rivulet surrounded by a recreational area connecting to

Marmara Sea and a sanctuary for fisheries and boathouses.

Biogenic, diagenetic and anthropogenic components contribute to shelf sediments
after their delivery to the marine environment. In coastal areas of densely populated
large cities, the anthropogenic component of the sediments mostly exceeds the
natural one. The surface sediments become a feeding source for biological life, a
transporting agent for pollutants, and an ultimate sink for organic and inorganic
settling matters (Algan , 2004).

Moda is relatively considered as a less polluted area in comparison to Tuzla.
However, Moda has been densely exposed to domestic wastewater discharges since

the end of 1970s and has gone under amendment since the early 2000. Based on the

water quality monitoring projects, it has been showed that anoxic conditions have
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been occurred within the marine sediment samples taken from Moda region.
Nevertheless, hydrocarbon rich wastewater discharge of cyanide containing
wastewater has recently occurred in this region which was only exposed to pre-

treatment.

Marine sediments, particularly those in coastal areas, are commonly polluted
withpetroleum hydrocarbons (PHC) as a consequence of the extensive use of
petroleumcompounds by mankind (Miralles , 2007). In aquatic sediments, the depth
of oxygen penetration through diffusion is controlled mainly by the consumption of
degradable organic matter within the sediment and in coastal ecosystems rarely
exceeds more than a few millimeters (Jorgensen, 1983). With the exception of the
most superficial layer, the bulk of organic matter-rich marine sediments

contaminated by PHC are assumed to be anoxic (Canfield , 1993b).

Consequently, microbial processes depending on the availability of free dissolved
oxygen are constrained to the uppermost surface or, in deeper sediment layers, are
coupled to irrigation and bioturbation processes of burrowing microorganisms
(Freitag and Prosser, 2003). During the last decade, studies have shown the potential
of coastal marine sediments for anaerobic hydrocarbon degradation under sulphate-

reducing conditions (Coates., 1997; Townsend , 2003).

2.2.5 Halig

The Golden Horn is a highly used water body in Turkey. It was a famous recreational
area at the time of Ottomans, when it also served as the most important port of the
region. The Golden Horn suffered fro heavy pollution due to extensive
industrialization and rapid population growth in Istanbul in the twentieth century.
This manuscript desribes how metal pollution evolved in Golden Horn between 1912
and 1987, by analysing Pb slices of a 3-m long core collected close to Galata bridge
in 1989.

Estuaries are transitional zones between rivers and seas, and are important
ecosystems typically rich in biodiversity. The Golden Horn Estuary supported
thriving fisheries until the latter 20th century. It is a 7.5 km long, 200-900m wide
hornshaped body of water that connects the Alibeykoy and Kagithane Rivers to the
Bosphorus strait. Estuarine surface area covers 2.6 km2 and maximum depth is 36m

at the mouth, sloping to <1 m near tributary inflow. The shallow iner estuary, defined

17



as the area north of the Valide Sultan/Old Galata Bridge (Figure 2.5.), is more prone
to anoxic conditions given that its depth abruptly slopes to <5m near the bridge.

The estuary receives saline water from the highly stratified, two-layered Strait of
Istanbul. The upper layer with 25 m thickness has 20 psu salinity and lower layer
has 38 psu salinity, which is separated by a transition zone. This stratified structure
disappears in mid-estuary where maximum depth is 12-13 m. In addition to these
layers, a 2-3 m less saline permanent layer above the stratified waters of the estuary
was reported due to the suspended sediment carried by local discharges and streams
(Ozsoy , 1988).

The water column is a highly stratified product of the Mediterranean Sea (w38 psu),
Black Sea (w17 psu), and freshwater urban runoff, precipitation, and a small fluvial
contribution. Freshwater remains on the surface due to a greater rate of input
(300,000m3 of freshwater enter the estuary annually) than evaporative loss (Ozturk,
1998; Alpar , 2005). These three layers, separated by strong density gradients,
effectively resist mixing of estuarine waters, and movement via tidal mixing or
currents is negligible at <10 cm/s (Aksit, 1977) (1963), Gunnerson (1974), Saydam
(1986), Basturk (1988), and Ozsoy (1988). Low velocity surface winds and stable
atmospheric conditions contribute to minimal air ventilation in the surrounding area
(Incecik, 1986). Thus, bothwater and air circulation are severely hampered in and
around the Golden Horn, which has led to a local environment extremely prone to
lasting pollution problems. These conditions are compounded by steep hills lacking
foliage, the presence of stone quarries, and the absence of drainage systems, all

encouraging substantial erosion and estuarine sedimentation (Aksit, 1977).

Black Sea

Bosphorus Strait —

Sea of
Marmara

Figure 2.5: Location of the Golden Horn and surrounding districts
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2.2.6 Gemlik

The Gemlik Bay emerges as a 31-km-long tectonic trough between two topographic
heights, with an increasing width westward (Figure 2.6.). It is 2-6 km wide in front
of the Gemlik Town in the east of Tuzla Point and 12-24 km in the west between
Trilye and Bozburun (Armutlu Town). The length of its coasts along the step
Samanlidag™ Mountains in the north, alluvial plains and deltas in the east and small

hills along the southern coasts is about 76 km.

The regional winds, mainly controlled by the surrounding mountains, blow from
northwest in winter and mainly northeast for the rest of the year. They play a
dominant role in the dynamics of this semi-enclosed sea. Gemlik Bay is open to the
waves coming from the band between northwest and southwest (Ozhan and Abdalla,
1999). In winter, the dominant wave direction is from northwest with the significant
wave heights less than 3 m. The dominant wave direction is from southwest in spring
months with the significant wave height less than 2 m. The maximum hindcasted
significant wave height for Gemlik wave is 3 m for the duration of wind data 1994—
1998.

The maximum depth is 107 m in the middle of a small northwest-trending elliptical
central trough which is a fault-controlled depositional area (Yaltirak and Alpar,
2002). The southern coasts of the Gemlik pull-apart basin are controlled by the
central strand of the North Anatolian fault. Holocene alluvial fans in the east disturb
the symmetry of this marine depression which is separated from the Marmara Sea by
a sill with an average depth of 50 m in the west (Figure 2.6.). With its 27600 km2
drainage area and 158 m3/s average water flows, the Karasu River is the most
important geographic element in the region. It carries 0.5—- 5.5 tons of suspended

solids daily into the sea depending on the climatic conditions (Yildiz , 2003).
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Figure 2.6 Location of the Gemlik Bay
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3. MARINE SEDIMENTS

Approximately 70% of the Earth’s subsurface is marine and the underlying
sediments, which can be more than a kilometer deep, cover 70% of the total earth
(Kormas , 2003). Deep sea sediments covering earth’s surface may also be defined as
“deep-sea floor” which are that portion of the ocean bottom overlaying by at least
1000 m of water column (Vetriani, 1999; Glover and Smith, 2003). The deep-sea
floor is one of the vast regions with a number of distinct habitats (Glover and Smith,
2003). These cover sediment filled basins, continental slopes and abyssal plains,
deep ocean trenches and the exposed pillow basalts of young mid-ocean ridges,
seamount risings > 1000 m above the general seafloor and submarine canyons. The
most extensive habitats constituting >90% of the deep-sea floor are the “mud” or
“silt and clay” clad plains of the slope and abyss. Deep ocean trenches constitute 1-
2% of the deep-sea floor, while the rocky substratum of midocean ridges (~ 10 km
wide and ~ 60 000 km long) , seamounts (perhaps 50 000-100 000 in number) and
submarine canyons being the rare habitats of the deep sea occupy < 4% of the sea
floor. (Glover and Smith, 2003)

3.1 Properties of Marine Sediments

Deep sea sediments are primarily formed through the deposition of particles from the
productive ocean surface (Vetriani , 1999). The new ocean basin that forms at
spreading ocean ridges due to plate tectonic forces migrates towards subduction
zones where it moves under continental shelves are returned to the interior of our
planet. During this tour of maximum 170 years more and more sediments build up on
top of hard basement rock and ultimately thousands meters of thick layers can be
formed (Glover and Smith, 2003). The various major sediment input sources into the
ocean are rivers, glaciers and ice sheets, wind blown dust, coastal erosion, volcanic
debris, ground water. Much of the organic input into the oceanic sediments is
through the recycling by the benthic communities (Aller , 1998). Marine sediments,
also known as pelagic sediments are those that accumulate in the abyssal plain of the

deep ocean, far away from terrestrial sources which provide terrigenous sediments,
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one of the two main classifications for marine sediments. Terrigenous sediments are
normally delivered by rivers and are primarily limited to the coastal shelf. There are
many classification schemes such as size, deposition mode, source, locale and
chemistry for deep sea sediments. Terrigenous sediments are normally classified
according to their sediment grain size and named as boulder, cobble, pebble, gravel

or granule, coarse sand, medium sand, fine sand, silt or clay.

However, pelagic sediments are classified by their composition as follows: lit
hogenous, biogenous, hydrogenous, cosmogenous. Among pelagic sediments,
biogenic sediments which are derived from living, mostly planktonic organisms in a
variety of forms and species are the most important in marine sedimentological field
since the most information can be derived from them. Those sediments have high
sedimentation rates and contain information about water chemistry and
climates.There are several characteristics distinguishing most deep-sea sediments

from other

Earth’s ecosystems, perhaps the most important one of which is its low productivity
(Glover and Smith, 2003). The detrital base of deep-sea food webs strongly differs
from most epipelagic, shallow-water and terrestrial ecosystems, which are mostly
maintained by locally produced organic matter, whereas detrital food particles for the
deep-sea biota ranges from fresh phytoplankton remains to the carcasses of whales
(Glover and Smith, 2003). Therefore the biomass of the deep benthic communities is
only 0.001-1% of that in shallow-water benthic or terrestrial communities due to the

low flux of organic energy.

Low food flux along with low temperatures (-1- 4 °C) results in relatively low rates
of growth, respiration, reproduction, recruitment and bioturbation in the deep sea
(Glover and Smith, 2003). In the subsurface which is defined as terrestrial subsurface
below 8 m and marine sediments below 10 cm, prokaryotic cellular carbon for the
marine subsurface is estimated as 303 Pg of C, whereas the total prokaryotic cellular
carbon value in soil yields an estimate of 26 Pg of C (Whitman , 1998). 5 to 10
billion tons of organic particulate matter is constantly sinking in the world’s oceans
and accumulating as sediment and only about 0.4 % of the carbon fixed by
phytoplankton at the ocean surface is buried in the oceanic sediments which
represents a net carbon dioxide removal from, and oxygen input into, the atmosphere
(Middelburg and Meysman, 2007). About 95% of the organic matter produced
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photosynthetically appears to be recycled in the upper 100-300 m, whereas only
about 1% of photosynthetically produced organic carbon reaches the deep-sea floor,
and this remainder out of the vast majority of organic matter recycled by near-surface
microbial activity accumulates and represents the largest global reservoir of organic
carbon, approximately 15.000 x 1018 g C, including fossil fuels (Parkes , 2000).
Therefore the major nutritional characteristics of the deep-sea environments are
relatively low input of organic carbon and its consumption for living organisms and
deep-sea sediments may be estimated as unique habitats for microbial communities
where the availability of nutrients is geographically highly variable and pressures are
highly elevated (Li, 1999b).

Other general characteristics for deep-sea floor are the low-physical energy, very
slow sediment accumulation rates (0.1-10 cm/thousand years) and the absence of
sunlight. Nonetheless, the studies showed that deep-sea soft-sediment communities
often exhibit very high local species diversity, with 0.25 m2 of deep-sea mud
containing 21-250 macrofaunal species (Glover and Smith, 2003). Surprisingly, not
all the deep-sea habitats are low in energy and productivity. Hydrothermal vents and
some cold seeps are exceptional since energy for the deep-sea biota is derived from
an attenuated ‘rain’ of detritus from remote surface waters ( 1-10 g Corg m-2 yr-1).
In cold seeps biomass and productivity of the present communities, which are low in
diversity, are high due to the chemoautotrophic production fuelled by reduced
chemicals such as hydrogen sulphide. Besid