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1. Introduction

The entry of wastes into marine environment not only changes water quality
parameters but also increases the risk of eutrophication, leading to dramatic changes in+
food chain, including planktonic, pelajik and demersal habitats, benthic organisms and,
thereby, causes the area to become susceptible. The Urban Wastewater Treatment
Directive (UWTD; EC 1991), therefore, defines the term of “eutrophication” as the
“enrichment of water by nutrients, especially compounds of nitrogen and/or
phosphorus, causing an accelerated growth of algae and higher forms of plant life to
produce an undesirable disturbance to the balance of organisms present in the water and
to the quality of the water concerned”.

Eutrophication is the most extensively studied marine pollution problem
observed especially in enclosed seas, bays fed by organic matter and nutrient-polluted
rivers and direct wastewater discharges (Karydis 2009). Nutrient enrichment is followed
by alterations in the phytoplankton community structure, growth of excessive algal
biomass and possible toxic algal blooms; if the accumulated organic matter exceeds
system’s carrying capacity, the hypoxia can lead to a decline in fisheries and
shellfisheries yields, poor water quality and ecosystems deterioration (Karydis 2009).

The Sea of Marmara an enclosed sea connecting the Black Sea the
Mediterranean via the two shallow and narrow straits, has a severely deteriorated
marine habitat, due to large nutrient inputs from the Black Sea and direct waste water
discharges mainly from the city of Istanbul in recent decades (Tugrul and Polat 1995).
Massive localized eutrophication in the NW Black Sea expectedly collapsed Black Sea
ecosystem and fisheries, and has led to appear similar changes in the Sea of Marmara
since 1980°s (Mee 1992; Polat and Tugrul 1995).

Accoring to the first estimates of annual nutrient loads entering the Marmara Sea

in 1990’s (Polat and Tugrul 1995), the Black Sea inputs dominate the Marmara
Ecosystem; however, large increases in population of major cities of Marmara region
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drastically chemical inputs to the Marmara, reaching the levels of Black influxes
(MEMPIS 2007).

Since the Marmara basin is occupied by the two-layer water masses, the
permanent halocline formed between 15-30m markedly limits vertical mixing and thus,
ventilation of salty deep waters of Mediterranean origins. Development of eutrophic
conditions over the Marmara basin has increased POM export to the lower layer,
resulting in the formation of suboxic conditions, subsurface oxygen minimum just
below the halocline, and other processes of eutrophication have appeared in the
Marmara ecosystem (Tugrul and Polat 1995).

There have been a number of studies focused on the levels of nutrients and
physicochemical variables of the water column in the Sea of Marmara (Tugrul et al
1995; Polat and Tugrul 1995; Polat et al. 1998; Balkis 2007; Tugrul ef al. 2015; Balci et
al. 2014). Very few published data are available on eutrophication in the Marmara Sea
(Tugrul and Morkog¢ 1990; Morkog et al. 1997; Balkis et al. 2012; Tugrul et al. 2015).

A national monitoring programme has only been performed since 2009 in the
Marmara Sea with the support of Ministry of Environment. Institute of Marine Sciences
and Management of Istanbul University, Institute of Marine Sciences of METU and
Marmara Research Center of TUBITAK have been carried out oceanographic and
monitoring cruises in the Marmara Sea since 1986 to collect data for different projects
supported by TUBITAK, EU, ministries and the municipalities. The data collected
during these cruises have been the basis to understand the oceanography and as well as
the eutophication status of the Marmara Sea.

2. General Aspects of the Sea of Marmara

The Sea of Marmara an intercontinental basin with shallow and narrow straits
connects the Black and Mediterranean Seas and together with its two straits Istanbul
(Bosphorus) and Canakkale (Dardanelles) constitutes an oceanographic system called
the “Turkish Strait System” (TSS) which provides the exchanges of salty and less saline
waters between the Aegean and the Black Seas. The Marmara basin itself is a transitory
site between these two adjacent basins and the straits determine the two-layer flow
regime in the TSS due to great density differences between the Black Sea and the
Mediterranean.

There is a permanent two-layer flow in the straits and the Marmara Sea with the
halocline formed between the depths of 15-30 m, displaying seasonal and regional
variations (Unliiata et al. 1990; Besiktepe et al. 1994). The chemical oceanography of
the Marmara upper layer is dominated by the Bosphorus inflow carrying the brakish
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surface waters of Black Sea with the associated biochemical properties (Polat and
Tugrul 1995).

Concentrations of nutrient species in the surface layer of the Marmara Sea are
determined primarily by the chemical properties of the inflowing Black Sea waters and
by the chemically modified salty waters of Mediterranean origin entrained into the
upper layer during the winter mixing and from the counter flow regime in the
Bosphorus region (Polat and Tugrul 1995).

The Sea of Marmara region is densely populated and industrialized with more
than Turkey’s 20% population and 50% industry located in its drainage basin. The
municipal and industrial inputs from its drainage basin, together with nutrients, organic
inputs from the Black Sea, have polluted the Marmara Sea since the 1970’s (Orhon et
al. 1994; Polat and Tugrul, 1995).

Before the 1980’s, anthropogenic inputs had secondary importance for the open
waters (Tugrul and Polat 1995) but have a critical influence on primary production in
coastal regions and semi-enclosed bays where water exchange with the open sea is
relatively weak (Tugrul and Morkog 1990). The influences of anthropogenic input have
increased markedly in the last two decades (Orhon et al. 1994), reaching the levels
comparable with the Black Sea influxes (MEMPIS 2007).

The metropolitan area of Istanbul with a population of about 13.5 million is the
most important pollution source for the Marmara Sea, with other important sources
located in the Izmit, Gemlik and Bandirma Bays and Tekirdag area, and from small
rivers such as the Susurluk carrying important agricultural loads. Large fractions of
partly treated wastewaters are discharged into the lower layer of Marmara (Tugrul et al.
2015).

Changes in environmental and hydrographic conditions determines the intensity
of phytoplankton production in the Marmara Sea. Nutrient inflow from land based
sources and entrainment contribute to the increase of nutrient concentrations in surface
layer and thus winter blooms occur in the Marmara Sea. During summer, the
phytoplankton production fluctuates more or less randomly, depending on supply of
nutrients from internal and external sources and grazing pressure.

Algal production is confined to the first 20m (the euphotic zone thickness) in the
upper layer of the Marmara Sea throughout the year. Maximum chlorophyll-a values
were generally observed in surface layer. However, a sub-surface chlorophyll-a
maximum is formed at the upper halocline boundary, varying locally between 10-20m
and coinciding perfectly with the nutricline over the basin. The annual algal production
in the Sea of Marmara estimated from chlorophyll-a data is nearly 100 gC/m?/y (Ergin
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et al. 1993). In October 1991 and March 1992, the primary production was estimated by
the *C technique as 45 and 95 gC/m?/y at the central Marmara Sea. The annual primary
production measured at a location close to the Izmit Bay by '“C technique was about
170 gC/m?/y (Tugrul et al. 1989).

Dissolved oxygen (DO) concentrations are at saturated levels in the thin upper
layer waters of Black Sea origin and then decrease steeply in the permanent pycnocline
which coincides with the nutricline because algal production is confined to the upper
layer for most of the year (Figures 1 and 2). DO concentrations, as high as 10-12 mg/L
during cold season in surface layer, diminish drastically to suboxic levels of 1-2 mg/L in
the lower layer waters over deep basins (Figure 1). The steep halocline separating the
upper and lower layer highly limits ventilation of the deep waters. The major source of
DO for the deep basin is the inflow of oxygen rich Mediterranean waters via the
Dardanelles undercurrents. Therefore, DO deficiency in the Marmara lower layer waters
increases from the Dardanelles-Marmara exit to the eastern basin. In the last decades,
DO has decreased further in the deep Cinarcik basin due to insufficient ventilation of
deep waters and increased organic matter inputs from the surface layer (Figure 1). The
lowest DO values have been recorded in the enclosed bay of izmit polluted by land-
based inputs (Ediger et al. 2016). The renewal time of the brakish upper layer is about
4-5 months surface waters whilst the average residence time of the deep basin waters is
estimated to be 6-7 years (Unliiata et al. 1990; Besiktepe et al. 1994).
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Figure 1. Vertical distribution of DO in Cmarcik Basin.
The Marmara upper layer is constantly supplied with nutrient inputs from the

Black Sea, the bottom layer waters by mixing especially at the Bosphorus-Marmara
Junction, direct wastewater discharges and fresh waters inflows from the its drainage

726



basin. However, most of these nutrients are used in photosynthesis. Therefore, the upper
layer concentrations of nitrate and phosphate are generally low during the year (Figure
2). Seasonally, the upper layer concentrations increase in winter due to enhanced inputs
and lower uptake rate in photosynthesis. The lowest values of inorganic nutrient are
reached during the summer-autumn period. Therefore, nutrients export from the
Marmara to Aegean Sea occurs in the form of organic compounds.

The nutricline is located at depths of 15-25m, coinciding with the permanent
halocline (Figure 2). Thus the concentrations of nitrate and phosphate increase steeply
with depth in the interface, displaying a broad subsurface maximum below the
halocline. In this zone, expectedly, the DO profiles exhibit a subsurface minimum.

The Mediterranean salty waters entering the Marmara deep basin originally have
very low nutrients but almost saturated levels of DO concentrations (Polat and Tugrul
1995). These salty waters are highly enriched (about 10-fold) in nutrients while losing
the dissolved oxygen during their residency for almost seven years in the Marmara deep
basin (Unliiata et al. 1990; Besiktepe et al. 1994; Tugrul et al. 2002).
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Figure 2. Vertical distribution of salinity and nutrients in Cinarcik Basin.
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The Black Sea inflow via the Bosphorus surface flow increases during spring-
early summer period when the river inflows to the Black Sea reaches the maximum
levels and decreases markedly in late summer-autumn period (Ozsoy et al. 1998).
Therefore, chemical transport via the Bopshorus surface flow display similar a seasonal
trend (Polat and Tugrul 1995; Altiok ef al. 2014).

The concentrations of inorganic nitrate and phosphate and their seasonal/annual
fluxes through the Bosphorus and Dardanelles Straits were calculated by Polat and
Tugrul 1995 (Table 1). The winter and spring fluxes by the Bosphorus surface flow are
much greater than summer and autumn fluxes, accounting for about 80% of the annual
nutrient fluxes. Nutrients export from the Marmara to the Black Sea via the Bosphorus
undercurrent are less variable, but have maximum values in spring and summer when
the volume flux increases. It can also be noted that the lower layer nutrient fluxes are 3-
6 times greater than the mass fluxes via the upper layer flow (Table 1). The nutrients
influx to Black Sea from the Marmara lower layer occur mainly in dissolved inorganic
form whilst the majority of nutrient from Black Sea are transported in dissolved organic
form (Polat 1995, Polat and Tugrul 1995).

In the Bosphorus Strait, the upper layer nitrate and phosphate concentrations
(N/P ratio: 14-26) and fluxes are much higher in winter. The lowest mass flux occur in
autumn. Though the lower layer fluxes display seasonality, the N/P ratio of the
Bosphorus deep waters is almost constant (9-10.5) throughout the year (Tugrul et al.
2015).

The salty Mediterranean water enters the Marmara deep basin via the
Dardanelles undercurrent, with very low nitrate and phosphate but nearly saturated
levels of oxygen concentrations (Table 1). These salty waters are enriched by about 10-
fold (nitrate: 8-12 uM; phosphate: 0.7-1.2 uM) during about 6-7 year stay in the basin.
The nutrient out fluxes from the Marmara via the Dardanelles surface layer flow also
display seasonal variations, increasing in winter is observed in the Bosphorus surface
fluxes (Table 1).

The Secchi Disk Depth (SDD) measured between 1986-1994 in the Marmara Sea
regionally and seasonally ranged from 8 to 14m (Ediger and Yilmaz, 1996) and then the
period 2009 to 2014 ranged from 4-10m. The lowest SDD values were expectedly
measured in the highly polluted and eutrophic coastal waters and semi-enclosed bays,
especially in the izmit Bay. It appears that the photosynthesis has been limited to thin
upper layer over the basin, reaching the upper halocline and thus nutricline depths when
the surface waters being depleted nutrients during summer-autumn period (Sur et al.
2009, 2010; Tutak et al. 2012; Ediger et al. 2013; Polat-Beken ef al. 2015).
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The Chl-a parameter is used as indicator of eutrophy or water quality in many studies
(Harding 1994 in Harding and Perry 1997; Boyer et al. 2009) and its concentration
represents a simple, integrative measure of phytoplankton community responding to
nutrient enrichment in aquatic environments (Devlin et al. 2007). Throughout the
oceanographic studies in the Sea of Marmara (1986-2014) concentration of
Chlorophyll-a values were recorded to vary between 0,2-18 pg/L (Gogmen 1988;
Bastiirk et al. 1990; Polat et al. 1998; Sur et al. 2009, 2010; Balkis ef al. 2012; Polat-
Beken et al. 2015), displaying apparent spatial increasing trend from the Dardanelles to
the enclosed bay of izmit polluted by land-based inputs.

Table 1. Seasonal and annual fluxes of nitrate and phosphate exchanged between
the adjacent seas through the Bosphorus and Dardanelles Straits for the period of

BOSPHORUS DARDANELLES
Flo Season Vol. NO3 NO3 PO4 PO4 Vol. NO3 NO3 PO4 PO4
w flux conc. flux conc. flux flux conc. flux conc. flux
type (*10° | (mmol | (*10°m | (mmol | (*107  (*10° | (mmol | (*10* | (mmol | (*107
m’) /m?) ol) /m?) mol) m’) /m?) mol) /m?) mol)
Upp Spring 200 1,32 2,64 0,05 1 307 0,2 0,61 0,06 1,84
Upp  Summer 158 042 | 066 | 003 | 047 194 012 | 023 | 003 | 058
Upp  Autumn 105 0,22 0,23 0,05 0,52 142 0,3 0,42 0,05 0,71
Upp Winter 145 32 4,64 0,14 2,03 234 0,36 0,84 0,09 2,1
Upp  Annual 608 1,29 | 817 | 0,07 | 4,02 877 0,24 2.1 0,06 | 523
Low Spring 94 9,17 8,62 0,92 8,65 202 1,14 2,3 0,05 1,01
Low  Summer 76 1046 | 795 | 099 | 7.52 112 047 | 053 | 003 | 034
Low  Autumn 49 9,34 4,58 0,91 4,46 87 0,88 0,76 0,05 0,44
Low  Winter 68 9,81 6,67 1,07 7,28 158 1,62 2,56 0,05 0,79
Low  Annual 287 9,7 27,8 0,97 27,91 559 1,09 6,15 0,05 2,58

1990-2000 (after Tugrul et al. 2015). Upp: upper Low: lower
3. Eutrophication Status of the Sea of Marmara

Different tools/measures have been developed to classify eutrophication status of
water masses impacted by human pressures, based on principal direct and indirect
indicators of eutrophication classification (Vollenweider et al. 1998, HELCOM, 2009,
MEDGIG, 2011, Andersen et al. 2010). TRIX index, developed by Vollenweider et al.
(1998) for the western Mediterranean waters, have been widely used the other seas
(EEA, 2001, UNEP, 2003, Moncheva et al. 2002, Alves et al. 2013). TRIX method is
based on chlorophyll-a, oxygen saturation, total dissolved inorganic nitrogen and total
phosphorus to characterize the trophic state of coastal marine waters. The index values
vary from 0 to 10, ranging from oligotrophic to eutrophic conditions. TRIX values
exceeding 6 indicate strong eutrophication due to human impact and <4 indicate low
anthropogenic impact (Cloern, 2001). Giovanardi and Vollenweider (2004) indicates
that only values higher than 6 units indicate strong eutrophication. The TRIX
eutrophication index is an important tool that has been used in the management of
coastal regions, in the analysis of the trophic state in the environment and water quality.
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TRIX index estimates for the Marmara Sea ranged between from 2.09 in the
open sea to 7 in the eutrophic coastal waters and bays (Tutak et al. 2012; Ediger et al.
2013; Polat-Beken ef al. 2014, 2015) (Table 2 and Figure 3). Spatial distribution of
TRIX values increases from Dardanelles to the enclosed bays and close to river and
land based inputs (Figure 3). Detailed examination of the TRIX index values for the
Marmara Sea indicate that generally a moderate to bad trophic conditions due to
anthropogenic+ natural inputs appear in during wet winter period, and then these impact
decreased in late summer, resulting in good trophic status in the open sea whereas bad
trophic status lasts in the enclosed bays due to human impact (Table 2 and Figure 3).

Table 2. TRIX index values in the Sea of Marmara

Site Time TRIX Ref
Marmara Sea | Summer 2011 | 2.8-6.54 Tutak ef al. 2012
Marmara Sea [ Autumn 2011 4.0-6.0 Tutak et al. 2012
Marmara Sea | Summer 2013 | 2.09-5.43 Ekozone 2013
Marmara Sea | Autumn 2013 | 2.82-5.3 Ekozone 2013
Marmara Sea | Summer 2014 | 3.85-6.21 | Polat-Beken ef al, 2014
Marmara Sea | Winter 2015 | 5.19-7.45 | Polat-Beken ef al. 2015

[zmit Bay 2008-2013 3.0-6.8 Ediger et al. 2013

Within the scope of the DEKOS (Marine and Coastal Waters Quality Status
Determination and Classification) project, boundary values of the eutrophication
indicator parameters were estimated in the surface layer of the Marmara Sea and given
in Table 3 (Polat-Beken et al. 2014, 2015).

According to the Method of MEDGIG 2011, boundary values determined for the

Marmara Sea indicate the transition of good/moderate quality status for each
eutrophication indicator.
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Figure 3. Spatial distribution of TRIX index in the Sea of Marmara
a) Summer 2014 b) Winter 2015 (Polat-Beken et al. 2015, 2016)

Table 3. Recommendations of Boundary Values for the Surface Waters of the
Central and Eastern Marmara Sea Regions (Polat-Beken ef al. 2014)

PROPOSED BOUNDARY

PARAMETER VALUES
Phosphate (PO4) <0.15 uM
Total Phosphorus (TP)
Nitrate (NO3) < 0.5 uM
Nitrite (NO2) < 0,2 uM
Ammonium (NHa) < 0.4 uM
Silicate (Si) > 1.0 uM
Si/(NOs) >3
(NO3)/PO4 >2
Chlorophyll-a <15ug/
Secchi Disc Depth > 4.0 meters
Oxygen Saturation % % > 20 (waters close to the seafloor;

depth >30 m)
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4. Conclusion

The two-layer ecosystem of Marmara Sea has been drastically modified by the
increasing chemical input from Black Sea, domestic and industrial discharges from the
Marmara region. Until the 1990°s the Black Sea input was the major source of
organictinorganic nutrients reaching the Marmara upper layer (Polat and Tugrul 1995,
1998). Secondary input was partly treated waste waters of the Istanbul Metropolitan city
(Polat and Tugrul 1995; Okus et al. 2008). The Black Sea inputs supply the majority of
the nutrients and organic matter loads reaching the Marmara. However, the contribution
of land-based has increased during the last two decades with highly increased coastal or
basin population, new infrastructures and constructions (new bridges, airports, industrial
areas etc.) and besides yet not completed advanced treatment systems for municipal and
industrial wastes.

Istanbul is one of the most populated metropolises in the region with a
population of over 13.5 million people (TUIK 2014). Today, more than 75% of
domestic and industrial primary or secondary treated effluents are disposed directly into
the Bosphorus lower layer and the strait-Marmara Sea junction via sewage outfalls with
a daily capacity of 1,671,060 m* day! (Okus et al. 2008).

In conclusion, development of eutrophication conditions in the Marmara Sea has
not only altered the upper layer ecosystem but also the chemical properties of the sub
halocline waters of Mediterranean origin. The Dardanelles under-current introduces the
Aegean salty waters with almost saturated levels of dissolved oxygen but low values of
nitrate and phosphate concentrations into the Marmara basin (Polat and Tugrul 1995;
1998; Tugrul et al. 2015). The enhanced eutrophication reduced the lighted zone in the
upper layer and algal production has been limited to the upper layer and more POM
exported into the halocline and sub halocline waters. Thus, the depths of nutricline and
oxycline have shifted upward in the last 3 decades. These changes also highly
influenced pelagic and demersal ecosystem over the basin. Enhanced nutrient inputs
with the appropriate meteorological conditions has led to occur red-tides, mucilage
formation and increased jelly organism blooms in the recent years. Anoxic conditions
were also seen in the lower layer of polluted bay of izmit (Balkis 2012).

References

Altiok, H., Aslan, A., Ovez, S., Demirel, N., Yiiksek, A., Kiratli, N., Tas, S., Miiftiioglu,
A.E., Sur, H.I. and E. Okus 2014. Influence of the extreme conditions on the
water quality and material exchange flux in the Strait of Istanbul. Journal of
Marine Systems 139: 204-216.

732



Alves, G., Flores-Montes, M., Gaspar, F., Gomes, J. and F. Feitosa 2013.
Eutrophication and water quality in a tropical Brazilian estuary. Journal of
Coastal Research 65: 7-12.

Andersen, J.H., Axe P., Backer, H., Carstensen, J., Claussen, U., Fleming-Lehtinen, V.,
Jarvinen, M., Kaartokallio, H., Knuuttila, S., Korpinen, S., Kubiliute, A.,
Laamanen, M., Lysiak-Pastuszak, E., Martin, G., Mohlenberg, F., Murray, C.,
Mohlenberg, F., Nausch, G., Norkko, A. and A. Villnas 2010. Getting the
measure of eutrophication in the Baltic Sea: towards improved assessment
principles and methods. Biogeochemistry doi 10.1007/s10533-010-9508-4.

Balkis, N. 2007. Variations of nutrients and chlorophyll-a in the coastal area of
Baltalimani (Bosphorus-Turkey). Fresenius Environmental Bulletin 16: 1429-
1434.

Balkis, N., Toklu-Alicli B. and M. Balci 2012. Evaluation of ecological quality status
with the trophic index (TRIX) values in the coastal waters of the gulfs of Erdek
and Bandirma in the Marmara Sea, Ecological Water Quality - Water Treatment
and Reuse. Dr. Voudouris (Ed). ISBN: 978-953-51-0508-4.

Balkis, N. 2012. The Effect of Marmara (Izmit) Earthquake on the chemical
oceanography and Mangan enrichment in the lower layer water of Izmit Bay,
Turkey, Earthquake Research and Analysis - Statistical Studies, Observations
and Planning. Dr Sebastiano D'Amico (Ed). ISBN: 978-953-51-0134-5.

Balci, M., Balkis, N., Durmus, T. and N. Sivri 2014. Seasonal variations of nutrients
and chlorophyll-a in the coastal waters of the Kapidag Peninsula (Marmara Sea)
Fresenius Environmental Bulletin 23(12b): 3391-3399.

Bastiirk, O., Tugrul, S., Yilmaz, A. and C. Saydam 1990. Health of the Turkish Straits:
chemical and environmental aspects of the Sea of Marmara. METU-Institute of
Marine Sciences, Tech. Rep. N0.90: 4, Erdemli, Icel.

Besiktepe, S., Sur, H.i., Ozsoy, E., Latif, M.A., Oguz, T. and U. Unliiata 1994.
Circulation and hydrography of the Marmara Sea. Prog. Oceanography 34: 285-
334.

Boyer, J.N., Kelble, C., Ortner, P.B. and D.T. Rudnick 2009. Phytoplankton bloom
status: Chlorophyll a biomass as an indicator of water quality condition in the
southern estuaries of Florida, USA. Ecological Indicators 56—67 pp.

Cloern. J.E. 2001. Our evolving conceptual model of the coastal eutrophication
problem. Marine Ecology Progress Series 210: 223-253.

Devlin, M., Best, M., Coates, M., Bresnan, E., O’Boyle, S., Park, R., Silke, J., Cusack,
C. and J. Skeats 2007. Establishing boundary classes for the classification of UK
marine waters using phytoplankton communities. Marine Pollution Bulletin 55:
91-13.

Ediger D. and A. Yilmaz 1996. Variability of light transparency in physically and
biochemically different water masses: Turkish Seas. Fresenius Environmental
Bulletin 5:133-140.

733



Ediger, D., Husrevoglu, S., Tiifek¢i, V., Tolun, L., Atabay, H. and B. Soézer 2013.
Monitoring of Water Quality and Territorial Inputs in the Izmit Bay. Final
Report. TUBITAK MRC, Report No. 13.158. Gebze-Kocaeli. (in Turkish)

EEA, European Environment Agency 2001. Eutrophication in Europe’s coastal waters.
Topic report No. 7, Copenaghen.

Ergin, M., Bodur, M.N., Ediger, D., Ediger, V. and A. Yilmaz 1993. Organic carbon
distribution in the surface sediments of the Sea of Marmara and its control by the
inflow by adjacent water masses. Marine Chemistry 41: 311-326.

Ekozone, 2013 Integrated monitoring of Marmara Sea and Turkish Straits. Final Report,
Ekozone and MoEU, 487 pp. (in Turkish)

Giovanardi, F. and R.A. Vollenweider 2004. Trophic conditions of marine coastal
waters: experience in applying the trophic index TRIX to two areas of the
Adriatic and Tyrrhenian Seas. Journal of Limnology 63: 199-218.

Gogmen, D. 1987. Fluctuations of Chlorophyll-a and Primary Productivity as Related to
Physical, Chemical and Biological Parameters in Turkish Coastal Waters, MSc
thesis, METU, IMS, Erdemli.

Harding, L.1994. Long term trends in the distribution of phytoplankton in Chesapeake
Bay: roles of light, nutrients and streamflow. Marine Ecology Progress Series
104: 267-291.

Harding, Jr., L.W. and E.S. Perry 1997. Long-term increase of phytoplankton biomass
in Chesapeake Bay, 1950-1994. Marine Ecology Progress Series 157: 39-52.

HELCOM 2009. Eutrophication in the Baltic Sea — An integrated thematic assessment
of the effects of nutrient enrichment in the Baltic Sea region. Balt. Sea Environ.
Proc. No. 115B. Helsinki Commission, 148 pp.

Karydis, M. 2009. Eutrophication Assessment of coastal waters based on indicators: a
literature review. Global NEST Journal 11(4): 373-390.

MEDGIG 2011. Mediterranean Geographical Intercalibration Group, Water Framework
Directive 2" Intercalibration Phase: Milestone 5 report.

Mee, L. 1992. The Black Sea in crisis: A need for concerted international action. Ambio
21(4): 278-286.

MEMPIS, Konsorsiyumu 2007. Marmara Sea of Marmara basin environmental master
plan and investment strategy final report. The Ministry of environment and
forestry European Investment Bank, 120 pp.

Morkoc, E., Tugrul, S., Okay, O.S. and T. Legovic 1997. Eutrophication of Izmit Bay,
Marmara Sea. Croatica Chem Acta 70: 347-359.

Moncheva, S., Dontcheva, V., Shtereva, G., Kamburska, L., Malej, A. and S. Gorinstein
2002. Application of eutrophication indices for assessment of the Bulgarian
Black Sea coastal ecosystem ecological quality. Water Science Technology 46
(8): 19-28.

Okus, E., Oztiirk, 1., Sur, H.I,, Yiiksek, A., Tas, S., Aslan-Yilmaz, A., Altiok, H.,
Balkis, N., Dogan, E., Ovez, S. and A.F. Aydin 2008. Critical evaluation of

734



wastewater treatment and disposal strategies for Istanbul with regards to water
quality monitoring study results. Desalination 226 (1-3): 231-248.

Orhon, D., Uslu, O., Merig, Salihoglu, S. and I. Filibeli 1994. Waste-water management
for Istanbul: basis for treatment and disposal. Environ. Pollut. 84:167-178.
Ozsoy, E., Latif, M.A., Besiktepe, S., Cetin, N., Gregg, N. Belokopytov, V.,
Goryachkin, Y. and V. Diaconu 1998. The Bosphorus Strait: Exchange Fluxes,
Currents and Sea-Level Changes. In: L. Ivanov, T. Oguz (Eds) Ecosystem
Modeling as a Management Tool for the Black Sea, NATO Science Series 2:

Environmental Security 47, Kluwer Academic Publishers, Dordrecht, 1:367 pp.

Polat S.C. 1995. Nutrient and Organic Carbon Budgets in the Sea of Marmara a
Progressive Effort on the Biogeochemical Cycles of Carbon Nitrogen and
Phosphorus. METU IMS PhD Thesis, 215 pp.

Polat, C. and S. Tugrul 1995. Nutrient and Organic Carbon Exchanges between the
Black and Marmara Seas through the Bosphorus Strait. Cont. Shelf Res. 15 (9):
1115-1132.

Polat, C., Tugrul, S., Coban, Y., Bastiirk, O. and I. Salihoglu 1998. Elemental
composition of seston and nutrient dynamics in the Sea of Marmara.
Hydrobiologia 363: 157-167.

Polat Beken, C., Tugrul, S., Uysal, Z., Yiiksek, A., Tas, S., Sahin, F., Fevzioglu, M.,
Ediger, D., Tiifek¢i, B. and V. Sozer 2014. Marine and Coastal Waters Quality
Determination and Classification Project (DeKoS), GES Descriptor 5:
Eutrophication Evaluation TUBITAK-MRC and MoEU-GDEM, ECPI 5118703,
Report No. 13.155 (Final Report), Gebze-Kocaeli.

Polat-Beken, C., Ediger, D., Sezgin, M., Taskin, E. et al. 2015. Integrated Pollution
Monitoring (2014-2016): The Sea of Marmara, CSB-CEDIDGM / MAM-CTUE
5148704, Report No. CTUE.14.202 (Final Report), April 2015, Gebze-Kocaeli.
(in Turkish)

Polat-Beken, C., Ediger, D., Sezgin, M., Taskin, E. et al. 2016. Integrated Pollution
Monitoring (2014-2016): The Sea of Marmara, CSB-CEDIDGM / MAM-CTUE
5148704, Report No. CTUE.15.264 (Final Report), April 2016, Gebze-Kocaeli.
(in Turkish)

Sur, H.I., Apak, R., Yiiksek, A., Altiok, H., Algan, O., Tas, S., Balkis, N., Unli, S.,
Er¢ag, E., Demirel, N., M.S.E., Aksu, A., Miiftioglu, A.E., Kirci-Elmas, E.,
Ongan, D., Yilmaz, N., Murat-Dalkara, E. and F. Dursun 2009. Pollution
monitoring of Marmara Sea. Final Report, Istanbul University, MEF, 360 pp. (in
Turkish)

Sur, H.I., Apak, R., Yiiksek, A., Altiok, H., Tas, S., Balkis, N., Unlii, S., Er¢ag, E.,
Yilmaz, N., Miiftiioglu, A.E., Aksu, A., Demirel, N. and M.S. Ersan 2010.
Pollution monitoring of Marmara Sea. Final Report. istanbul University, MEF,
303 pp. (in Turkish)

Tugrul, S., Morko¢ E. and O.S. Okay 1989. Determination of oceanographic
characteristics and assimilation capasity of izmit Bay. In: E. Kalafatoglu (Ed)

735



Wastewater Treatment and Disposal. NATO TU-WATERS, TUBITAK-MRC
Publ. Gebze.

Tugrul, S. and E. Morkog¢ 1990. Transport and water quality modeling in the Bay of
[zmit. NATO TU-WATERS Project, Technical Report. TUBITAK-MRC Publ.
Kocaeli, Turkey.

Tugrul, S. and C. Polat 1995. Quantitative comparison of the influxes of nutrients and
organic carbon into the Sea of Marmara both from anthropogenic sources and
from the Black Sea. Water Science and Technology 32(2): 115-121.

Tugrul, S., Besiktepe, S. and . Salihoglu 2002. Nutrient exchange fluxes between the
Aegean and Black Seas through the Marmara Sea. Med. Mar. Sci. 3(1): 33-42.

Tugrul, S. Giirses O. and A. Yiiksek 2015. MAREX: Turkish Straits System — Marmara
Sea Experiments report, METU IMS, 33 pp.

Tutak, B., Ediger D., Polat Beken C., Tiifek¢i V. et al. 2011. Integrated monitoring of
Marmara Sea and Turkish Straits. Final Report, TUBITAK-MRC and MoEU,
337 pp.

TUIK, 2014. The results of address based population registration system, 2013. News
Release No: 15974 Turkish Statistical Institute Publications, Ankara, Turkey. (in
Turkish)

UNEP, 2003. National monitoring programme of Slovenia, Report prepared by V. Turk.
Programme for the assessment and control of pollution in the Mediterranean
Region (Med Pol — Phase III). UNEP, Mediterranean Action Plan, Project
Account No ME/6030-00-04 BL.2208.

UWTD; EC, 1991 Council Directive 91/271/EEC of 21 May 1991 urban waste-water
treatment.

Unliiata, U., Oguz, T., Latif, M.A. and E. Ozsoy 1990. On the physical oceanography of
the Turkish Straits, In: L.J. Pratt (Ed) The Physical Oceanography of Sea Straits,
NATO/ASI Series, Kluwer, Dordrecht, 25-60.

Volleinweider, R.A., Giovanardi, F., Montanari, G. and A. Rinaldi 1998.
Characterization of the trophic conditions of marine coastal waters, with special
reference to the NW Adriatic Sea: proposal for a trophic scale turbidity and
generalized water quality index. Environmetrics 9: 329-357.

736



