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The ecological consequences of chemical pollution experienced as
evidence of significant environmental stressin the Marmara seawhich
isasemi-enclosed internal basin with astratified structure. The stratifi-
cation is due to the Mediterranean sea originated lower layer current
and Black seaoriginated upper layer current that hindersthe water circu-
lation. Rapid urbanization on the coastal zone of the Marmara sea has
attracted population since the 1970's. This has been one of 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 itstotal area. TheMarmara
sea coastal zone is at risk of severe industrial and domestic pollution
where hot-spots comprise Izmit, Gemlik, Bandirma bays and Greater
Istanbul Metropolitan area. Chemical pollution accumulated in the bays,
in particular, has created significant ecological damage resulting in the
decrease or extinction of marine species. Inthis paper, the oceanographic
features of the receiving media, the sources of industrial and domestic
pollution based on field data and monitoring are presented. Previous
studies and the present one carried out so far reveal that a good under-
standing of the oceanographic and ecological processesis essential for
the Marmara sea as awhole. In thelight of the findings, the means and
tools for an integrated wastewater management plan in the Marmara
region are discussed.

Key Words: Marmara sea, Hot-spots, Chemical pollution,
Integrated wastewater management.

INTRODUCTION

Marmara seais under severe environmental stress due to land-based pollution
and ship originated oil pollution since the 1970's onward. The present paper remains
within the scope of land-based pollution, the latter being the topic of a separate
study’.
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One of the major outcomes of overall population growth, rapid urbanization
and industrialization has been the increase of water use for residential, industrial
and agricultural areas during the last decadesin the Marmara Sea Basin. As a resullt,
uncontrolled pollution generated by large water consumption has caused the degra-
dation of inland aswell as coastal waters. Domestic pollution load generated mainly
by the Istanbul Metropolis and its surroundings where 1/5 of Turkey's population
live and large industrial facilities amounting to 60 % of the total, located on the
bays and coastal areas constitute the most significant portion of local 1and-based
input. Visible sewage pollution is frequent where the polluting sources are directly
discharged without adequate trestment facilities. As a consequence the most affected
marine environment has been the Marmara sea whose oceanographic features do
not much help its self-purification capacity.

Marmara sea is also under the pressure of pollution loads from run-offs and
rivers discharging into the Black sea that subsequently flow into the Marmara sea
via the upper layer current through the Istanbul Strait. The rather complex hydro-
dynamic structure of the Turkish Straits System (TSS) dependent on meteorological
conditions affects the water quality of the Marmara sea.

Oceanographic features of Marmara sea: Marmara seais an inland, semi-
enclosed water body of 11111 km? with an average depth of 260 m connecting
Mediterranean sea and Black sea via Canakkale and Istanbul Straits?. This rather
complex hydrodynamic structure composed of Marmara seaand two straits namely
Istanbul (Bosphorus) and Canakkale (Dardanelles) straits, iscalled the Turkish Straits
System (Fig. 1). Canakkale Strait isa 70 km long and 1370 m wide channel at the
narrowest point whereas the Istanbul Strait is 31 km long and 698 m wide®.
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Fig. 1. Bathymetry of Marmara sea and major currents

The most important feature of this system isthe formation of atwo-layer current
dueto salinity gradient between the more saline (38 psu) and densewaters of Mediter-
ranean sea flowing towards Black seavia the lower layer and the less saline (18 psu)
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Black seawatersvia the upper layer in the opposite direction. A strong and permanent
stratification occurs asthe result of mainly salinity, density and temperature gradient.
An intermediate layer is also formed between these two layers at ca. 10 to 15 m
depth at the southern sill and 40 to 45 m deep at the northern sill of Istanbul Strait.
The characteristics of Marmaraseaare closely related to Black seadueto the direct
communication between these two water bodies through Istanbul Strait®. In various
studies, it is stipulated that Black sea determines the quality and ecology of the
upper layer of Marmara seawhaose volume and surface area are fairly small compared
to Black seawith an average depth of 1300 m and 460 000 km? surface area’®.

Thefirst 10 to 15 m width upper layer of Marmara seaiswell oxygenated with
dissolved oxygen values reaching nearly saturation levels. The lower layer of
Marmara sea below 30 to 40 m depth is chronically deficient representing on the
average 25 % of the dissolved oxygen saturation value. The average oxygen concen-
tration at the lower layer” in the sea of Marmarais 2 mg/L.

L and-based pollution in M ar mar a seabasin and itsecological consequences:
Pollution is generally most severein semi-enclosed marginal seas and coastal waters
bordering highly polluted and industrialized zones®. This statement is justified by
the case of Marmara sea, where large industries and cities are located on the coast
of the elongated semi-enclosed 1zmit Bay, Gemlik and Bandirma bays which receive
untrested or partially trested domestic and industrial wastewater (Fig. 2).
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Fig. 2. Study areas (Izmit and Gemlik Bays)

Izmit Bay: Marmara sea coastal zoneisat risk of severeindustrial and domestic
pollution where hot-spots comprise Izmit, Gemlik, Bandirma bays and Greater
Istanbul metropolitan area (Fig. 2). 1zmit Bay receives waste load from Turkey's
most important industrial areaaswell asthe domestic waste of the city of Izmit and
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its seaports, oil terminals, urban centers and industries |ocated along the shoreline.
The intensive anthropogenic activities cause the pollution of the bay due to the
intrusion of contaminants into the receiving media i.e. diffuse and point source
inputs from coasts, rivers, atmosphere, oil refineries and shipping activities.
Another common anthropogenic source of polycyclic aromatic hydrocarbons (PAHS)
is generated by spillage of fossil fuels including unrefined (crude oil) and refined
products’. PAHs, agroup of nonionic hydrophobic organic contaminants, are ubiqui-
toudly present in coastal areas and arise from numerous anthropogenic activities
such asfossil fuel burning, release of uncombusted petroleum products and creosote
wood treatment™.

Unli and Alpar® reported that significant levels of hydrocarbons exist in the
sediments of Izmit Bay and the need for improvements in loading and transport
conditions, reduction of ballast and bilge waste discharges and minimization of
fuel spills is indispensable. Accidental fuel spill into the sea during loading-
unloading operations might be the cause of petrogenic contamination. High PAH
concentrations in the adjacent areas originate mainly from municipal effluents,
discharges from the local refinery, spillage from vessels, port operations and also
from loading and transport activities as well (Fig. 3).

Fig. 3. Surface (a) and bottom currents (b) are effective on the sediment transportation
and sediment pollution (c) in the 1zmit bay [Ref. 9]
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The presence of anoxic conditions in the sediment will cause the decay of
aerobi ¢ bacteriaand benthic organisms. Even the marine environment is rehabilitated
and upgraded to itsinitial oxic state, anoxic conditionswill still be prevailinginthe
sediment.

Gemlik bay: Another critical areain Marmara sea is Gemlik bay. The main
anthropogenic sources of pollutantsarelikely to havetheir originin shipping, sewage
treatment discharges, urban run-off and industrial activities (Table-1) in Gemlik

bay.

TABLE-1
INDUSTRIAL INPUTSIN GEMLIK BAY [Ref. 11]
. . Wastewater discharges Qil grease
Industrial formations (eiday) (nlyean) (tonvyear)
3000 1095000 2
Food 5000 1825000 37
350 127750 5
Metal 1500 547500 22
200 73000 05
Nor-metal 400 146000 1
Texile 20000 7300000 -
30000 10950000 -
Ol 50 18250 0.37
Chamigt 14000 5110000 1
emistry 16000 5840000 2
Totd 37600 13724000 28.87
52950 19326750 60.37

Intensive industrialization has a severe adverse impact on the coastal area of
Gemlik which resultsin heavy environmental and marine pollution®. Additionaly,
domestic land-based load input plays a significant role in the pollution of the bay
(Table-1). Discharge of untreated sewage due to inappropriate and inadequate sew-
erage infrastructure constitutes the basic pollution problem in the receiving waters.
Faecal contamination threatens public health in the recreational areas asaconsequ-
ence of inadequate sea outfall structure (insufficient length and depth). Alkan et al.*®
reported that total coliform concentration varies between 2900-11350 CFU/100
mL and feacal coliform between 2000-9300 CFU/100 mL on the Northern coast of
the bay. These test results that remained within the same range until present prove
that untreated sewage discharge is the reason for heavy antropogenic pollution in
the region. Thetest results of sediment analyses reveal that large amount of bacteria
settle down with particles to the sea bed and accumul ate in the medium®. Bacteria
intruded in the sediment that remain active are liable to be released into the water
column as a consequence of hydrodynamic processes and increase pollution level.

The distribution of industrial premises at Gemlik bay, one of the hot-spots in
MarmaraseaisgiveninFig. 2. The measurement carried out at the dischargelocation
of wastewater in the bay shows a significant input from industries with a flow rate
varying between 13 to 20 million m*/year (Table-2).
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TABLE-2
ANNUAL INPUTS FROM MUNICIPAL WASTEWATER AND
FROM KARSAK CREEK [Ref. 12]

- 2005 Q m¥lyear BOI5 TSM KOl Tota N  Tota P
Population ~ mP/lyear  (ton/year) (ton/year) (ton/year) (ton/year) (tonvyear)

Gemlike 80876 4,660,000 1260 759 - 233 70
Mudanya 24170 1,393,000 377 227 - 70 21
Armutiu 4598 265,000 72 43 - 13 4
Kursunlu 3857 223,000 61 37 - 11 4
B. Kumla 91 55,000 15 9 - 3 1
K. Kumla 6719 388,000 108 65 - 20 6
Zeytinbagi 3024 175,000 48 29 - 9 3
Kumyaka 1239 72,000 20 12 - 4 2
Narli 578 34,000 9 5 - 2 1
Fistikli 1886 109,000 30 18 - 6 2
Kapakli 1150 67,000 18 11 - 4 1
Total 129038 7441000 2018 1215 - 375 115
Other sources
Karsak creek 58,562,000 407 7724 2256 114 33

In addition to pollution introduced by point sources, Karsak Creek generating
from Iznik lake and flowing into Gemlik bay has a major contribution to pollution
load since it collects sewage of the settlements located along the river. Pollution
load measured in Karsak Creek and seasonal flow fluctuations are given in Table-2.
Total nitrogen and phosphorus load generated by land-based pollution within
Marmara sea basin is computed as 0.44 x 10° tons/year and 0.77 x 10* tons/year,
respectively™. The input of land-based pollution into Istanbul strait and Marmara
sea shoreline is computed as 0.20 x 10° tons/year of total nitrogen and 0.33 x 10
tons/year of total phosphorus®.

The pollution load assessment in Istanbul Master Plan study for 2040 gives a
daily estimate of more than 112 tons of nitrogen and 28 tons of phosphorus load
input from Istanbul discharges™. In 1993, the domestic organic load generated by
the settlementsin terms of BODs for the entire Marmara basin was computed as ca.
565 tong/d, out of which 395 tons/d correspond to Istanbul Metropolis load. At
present, this load is estimated to be more than 800 tons/d for Marmara basin in
terms of BODs.

Additionally, the primary production in the upper layer of Marmara sea computed
as 0.02-1.00 gC/m?-day is influenced by Black sea waters for which this figureis
0.05-2.00 gC/m?-day entering Marmara sea’.

According to the field study carried out within a 10 year period in Marmara sea,
the land-based and ship-originated solid waste distribution is given as 67.1 kg/km?
between 20 and 100 m depth'’. Marmara sea which shelters 11 % of the national
aquatic productsisrich in demersal and migratory fish species and is classified as
the second productive sea after Black sea. Migration takes placein thefirst 40 m of



3172 Burak et al. Asian J. Chem.

Marmara sea due to the shortage of oxygen in the lower layer. Thus, land-based
pollution diffusion into the coastal waters has a direct adverse impact on pelagic as
well as demersal fish species degrading their natural environment of feeding and
spawning area.

Marmaraseaisfacing dense domestic and industrial pollution that creates acute
problems exacerbated by unsuitable meteorological conditions and seasond variations.
In l1zmit and Gemlik bays, H,S release occurred in summer due to excessive phyto-
planktonic production controlled by eutrophication. Degraded organic matter sinking
tothelower layer asdetritus depletestotally the dissol ved oxygen with weak concen-
tration, giving rise to H,S release. This phenomenon has been monitored in several
studies'’. These adverse conditions cause the death of fish in huge numbers when
thelower layer current rises suddenly to the upper layer under the pressure of strong
winds. Serious ecological hazard was monitored in Izmit bay as a result of the
death of benthic organisms and some demersal fish species'®*.

Phytoplankton bloom especially red tide caused by Noctiluca scintillans has
been monitored very frequently especially in almost all the bays of Marmara sea
(e.g. 1zmit, Gemlik, Bandirma, Erdek, Eregli, Kiciikcekmece, Blyukcekmece,
Tekirdag) where occurrence of toxic agal bloom is witnessed more than once a
year as aresult of eutrophication'®®,

RESULTSAND DISCUSSION

The ecological consequences of land-based pollution experienced so far prove
evidence of significant environmental stressin Marmara sea.

Theinteraction between Black sea, M editerranean seaand Marmaraseagoverns
the oceanographic processes of thislatter throughout seasonal variationsand depends
on meteorologica conditions. Therefore a good knowledge of these processes is
utmost importance for an effective and comprehensive environmental management
of Marmara sea basin.

The daily input of nitrogen and phosphorus load from Black seato Marmara
seavia the upper layer current is 500 tons and 30 tons, respectively, which creates
a significant burden on the marine environment. Although the detention time of
Black seawatersin Marmara seais computed to be 3-4 months, the pollution conveyed
from Black seato Marmara sea and trapped aong the shoreline has longer adverse
impact on the water quality. The above mentioned field studies have revealed that
severe ecological hazard occursin areaswherewater circulationisweak. Thisstate-
ment is supported with the water quality monitoring study results®.

Furthermore ship-originated oil pollution worsens the already polluted shoreline
i.e. beaches and recreational areas increasing the stress on the natural equilibrium
of thereceiving waters. The combined effect of chronic and acute pollution generated
by land-based pollution and ship-originated oil spill caused the decrease and/or
extinction of surface and subsurface fish species and crustaceans.
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Inthelight of thefindings, it isobviousthat wastewater pollution control including
nutrients must be given prime importance in the sensitive waters of Marmara sea,
in particular, to avoid further ecological damages. Thisissue necessitates an in-depth
analysis comprising the replenishment period of the sensitive bays before setting-up
the means and tools for remedial actions.

Existing studies exhibit that the rehabilitation of Marmara sea necessitates an
integrated wastewater management policy coupled with appropriate design criteria
based on mandatory water quality requirements of the receiving waters (i.e. bathing
water, recreational purposes and seafood production in accordance with National
and EC directives).

The existing scattered polluting sources should be intercepted and undergo
chemical, biological and advanced treatment where required and justified by
receiving media monitoring and modeling studies. In the light of various monitoring
and experimentd studies carried out since the 1980's, it can be stated that improvement
isfar from being satisfactory for Marmara sea despite the commissioning of major
sewerage projects. Improvement is localized and depends on seasonal conditions.
Where no appropriate sawage treatment works have been implemented, pollution
level at hot-spots has remained unchanged®?#,

Creeksdischarging into Marmara sea upper layer current mainly from Istanbul
Metropolitan area (i.e. Klguksu, Goksu, Ayamama, Circir, Kanlikavak, Tarabya,
Sariyer), Gemlik (Karsak) and Izmit (Dil deresi) contribute to the pollution of coastal
watersto a great extent®.

A long-term comprehensive policy in promoting integrated wastewater manage-
ment is believed to be a sustainable approach for the abatement of chronic pollution
in Marmara sea. The water quality in Marmara sea should be the guiding criteria
for identifying the level of treatment; either secondary treatment or tertiary treat-
ment with nutrient removal in the case of municipal discharge into the sensitive
bays where no strong currents exist. Rehabilitation of creeks receiving industrial
and municipal pollution should be given prime importance in parallel with
the identification of appropriate treatment level in order to fully comply with the
requirements of integrated wastewater management concept.
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